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CHARACTERISTICS,  GROWTH,  AND  MANAGEMENT  OF  THE 

FOREST 


By  C.  F.  KoRSTiAN  i 
DISTRIBUTION  AND  OCCURRENCE 

Southern  white  cedar  (Chamaecyparis  thyoides),  known  also  as 
white  cedar,  juniper,  swamp  cedar,  and  post  cedar,  is  a  valuable 
timber  tree  of  the  Atlantic  and  Gulf  coastal  swamps  and  estuaries. 
Its  botanical  range  extends  over  the  Atlantic  coastal  plain  from 

1  In  the  conduct  of  the  field  work  upon  which  the  major  portion  of  the  first  part  of  the  bulletin  is  based 
the  writer  received  valuable  assistance  from  J.  S.  Holmes,  State  forester  of  North  Carolina,  Alfred  Akerman, 
formerly  district  forester  of  Virginia,  A.  D.  LaMonte,  formerly  assistant  forester  of  New  Jersey,  and  W.  R. 
Hine,  formerly  assistant  silviculturist,  Southern  Forest  Experiment  Station.  Assistant  Silviculturists 
L.  H.  Reineke  and  R.  M.  Brown,  of  the  Forest  Service,  assisted  in  preparing  the  volume,  taper,  and  yield 
tables.  Additional  data  for  the  yield  tables  were  contributed  by  former  Associate  State  Forester  W.  M. 
Baker,  of  New  Jersey  and  District  Forest  Warden  Lincoln  Crowell,  of  Massachusetts.  Sections  in  the  first 
part  were  contributed  by  the  following  specialists:  Diseases,  by  J.  R.  Weir,  formerly  Forest  Pathologist, 
OflSce  of  Forest  Pathology,  Bureau  of  Plant  Industry;  Insect  Injury,  by  the  Division  of  Forest  Insects, 
Bureau  of  Entomology.  The  Richmond  Cedar  Works,  the  Camp  Manufacturing  Co.,  and  other  owners 
and  operators  of  southern  white  cedar  assisted  in  various  ways. 
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southern  Maine  to  northern  Florida  and  thence  westward  along  the 
Gulf  coast  to  the  Pearl  River  Valley  in  southern  Mississippi  and  east- 
ern Louisiana.     (Fig.  1.)     Locally,  the  species  is  confined  to  fresh 
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Figure  l.— Distribution  of  southern  white  cedar  in  the  United  States 

interior  and  river  swamps,  wet  depressions,  and  stream  banks.  It 
is  found  in  many  detached  tracts  along  a  coast  line  of  more  than 
2;600  miles. 


SOUTHERN  WHITE  CEDAR 


The  commercial  range  of  southern  white  cedar  is  very  much  more 
restricted  than  the  botanical  range.  The  heaviest  commercial  stands 
occurred  originally  in  Virginia  and  North  Carolina,  especially  in  the 
Dismal  Swamp  and  swamps  draining  into  Albemarle  and  Pamlico 
Sounds.  Other  regions  of  relatively  heavy  production  centered  in 
southeastern  New  Jersey  and  in  the  vicinity  of  Mobile  Bay  and  the 
Perdido,  Escambia,  and  Apalachicola  Rivers  in  Alabama  and  Florida. 

The  coastal  swamps  of  the  South  Atlantic  States  are  being  combed 
repeatedly  for  southern  white  cedar  trees  suitable  for  poles.  In  the 
Dismal  Swamp  in  North  Carolina  and  Virginia,  where  once  were 
some  of  the  best  second-growth  stands  of  this  species,  the  greater 
part  of  the  merchantable 
timber  has  been  cut  on 
about  100,000  acres  of 
cedar  land.  Much  the 
same  condition  exists  in 
the  Albemarle  Sound  re- 
gion of  North  Carolina. 
In  New  Jersey  and 
Connecticut  also  most 
of  the  merchantable 
stands  have  been  cut. 
Utilization  has  been 
very  close  in  New  Jersey, 
where  there  are  many 
uses  for  smaller  mate- 
rial. Here,  as  in  the 
Dismal  Swamp  region, 
it  is  common  to  find 
several  classes  of  prod- 
ucts being  cut  from  the 
same  area,  almost  as 
soon  as  the  trees  be- 
come merchantable. 

Three  features  of  the 
growth  of  southern 
white  cedar  which  are 
largely  responsible  for 
its  past  and  present 
commercial  importance 
and  which  at  the  same  time  add  much  to  its  value  for  forestry  and  to 
the  ease  with  which  it  may  be  managed  are  as  follows:  (1)  Its  pro- 
nounced tendency  to  grow  in  pure  stands  (fig.  2);  (2)  the  density  of 
these  stands  (fig.  3);  and  (3)  the  fact  that  these  stands  are  generally 
even  aged,  except  occasionally  where  smaU  trees  were  left  in  previous 
cuttings  and  2-aged  stands  have  resulted.  Throughout  the  greater 
part  of  its  range  the  natural  stands  of  southern  white  cedar  are  gen- 
erally pure,  even  aged,  and  dense.  Pure  stands,  frequently  called 
*' juniper  glades"  or  ''cedar  glades,"  once  covered  a  much  larger  area 
than  they  now  do.  Such  stands  occur  on  areas  of  swamp  peat  over- 
lying a  sandy  subsoil;  but  as  the  quantity  of  silt  and  clay  in  the 
underlying  subsoil  increases,  the  proportion  of  swamp  hardwoods 
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Figure  2.— An  opening  for  a  logging  spur,  disclosing  the  long  clear 
boles  in  an  85- year-old  stand  of  southern  white  cedar.  (Pasquo- 
tank County,  N.  C.) 
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increases  until  the  southern  white  cedar  can  no  longer  compete  with 

them. 

Mixed  stands  are  generally  the  result  of  fire  in  a  juniper  glade. 

In  the  South  Atlantic 
and  Gulf  States  there 
has  been  an  increase 
in  mixed  stands  result- 
ing from  the  culling 
over  of  pure  stands 
for  poles.  After  such 
cullings  some  or  all  of 
the  cedar  reproduction 
which  would  other- 
wise replace  the  trees 
removed  is  eliminated 
by  the  more  rapid 
growth  of  various  other 
species,  mostly  of  in- 
ferior value. 

The  extensive  latitu- 
dinal range  of  southern 
white  cedar  brings  it 
into  contact  with  a 
large  number  of  asso- 
ciated tree  species.  The 
number  and  diversity 
of  associates  increase 
as  the  climate  becomes 
warmer  and  more  humid 
in  the  South  Atlantic 
and  Gulf  States.  Some 
characteristic  associates 
of  southern  white  cedar, 
together  with  the  places 
found,  are  as  follows: 


Figure  3.— A  dense  50-year-old  stand  of  southern  white  cedar  so 
badly  crowded  that  the  rate  of  growth  is  very  slow.  (Dismal 
Swamp,  Norfolk  County,  Va.) 

Species 


States 


Eastern  hemlock  {Tsuga  canadensis) Massachusetts  and  Connecticut. 

Northern  white  pine  {Pinus  strobus) Do. 

Gray  birch  {Betula  populifolia) New  Jersey,  Massachusetts,  and  Con- 
necticut. 

Pitch  pine  (Pinus  rigida) Do. 

Black  gum  (Nyssa  sylvaiica) Do. 

Red  maple  {Acer  rubrum) Massachusetts  to  Florida  and  Mis- 
sissippi. 

Pond  pine  {Pinus  rigida  serotina) Virginia  to  South  Carolina. 

Southern  cypress  {Taxodium  distichum) . .  Virginia  to  Florida  and   Mississippi. 

Swamp  black  gum  {Nyssa  bi flora) Do. 

Sweetbay  {Magnolia  virginiana) Do. 

'Redha^y  {Persea  borbonia) Do. 

Loblolly-bay  {Gordonia  lasianthus) North  Carolina  and  South  Carolina. 

Slash  pine  {Pinus  caribaea) Georgia  and   Florida  to   Mississippi, 

Spruce  pine  {Pinus  glabra) Florida  and  Alabama, 

Titi  {Cliftonia  monophylla) ,__,,_,___  Do, 
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On  the  more  fertile  muck  or  sandy  loam  swamp  soils  in  eastern 
North  Carolina,  southern  white  cedar  is  sometimes  associated  with 
loblolly  pine  (Pinus  taeda)  and  yellow  poplar  (Liriodendron  tulipifera)j 
along  with  the  common  swamp  hardwoods.  In  such  situations  the 
cedar  may  form  as  much  as  half  the  stand,  although  here  it  tends  to 
give  way  to  these  more  aggressive  competitors. 

On  good  sites  mature  cedar  stands  of  average  density  75  to  100 
years  old  contain  trees  ranging  from  4  to  24  inches  in  diameter  and 
averaging  10  to  14  inches.  From  45  to  85  per  cent  of  the  trees  are 
more  than  10  inches  in 
diameter.  The  domi- 
nant trees  in  such 
stands  vary  from  70  to 
100  feet  and  average 
about  80  or  85  feet  in 
height.  A  height  of 
120  feet  and  a  diame- 
ter of  5  feet  have  been 
reported.  In  the  Dis- 
mal Swamp  region  and 
southward  most  of  the 
southern  white  cedar 
lands  may  be  regarded 
as  good  sites,  produc- 
ing trees  50  to  70  feet 
tall  in  50  years;  from 
New  Jersey  northward 
the  cedar  lands  are  ca- 
pable of  producing 
trees  20  to  50  feet  tall 
in  the  same  time. 

A  dense  understory 
where  tangled  vines 
and  native  shrubs 
make  passage  difficult 
is  common  in  white  ce- 
dar stands.  (Fig.  4.) 
Where  fire  has  burned 
off  the  original  stand, 
areas,  locally  called 
"lights,"  occur,  in  which  tangled  shrubby  undergrowth  is  present  to 
the  exclusion  of  tree  growth.     (Fig.  5.) 

THE  TREE 

FORM  AND  DEVELOPMENT 

Southern  white  cedar  is  one  of  the  most  graceful  and  symmetrical 
conifers  of  eastern  North  America.  The  terminal  shoots  and  branch 
tips  lack  the  rigidity  common  to  spruce,  fir,  and  pine,  and  the  crown 
is  formed  of  slender,  horizontal  branches  with  somewhat  pendent 
sprays  of  branchlets  and  twigs.  The  leader,  or  terminal  shoot,  often 
droops  in  the  direction  opposite  from  that  of  the  prevaifing  wind. 

In  early  life  the  tree  has  a  conical  stem,  which  later  becomes  less 
tapering,  especially  in  closed  stands  having  an  unbroken  crown  canopy. 


F161829 

Figure  4.— Interior  of  an  85-year-old  stand  of  southern  white 
cedar  with  dense  undergrowth.  (Dismal  Swamp,  Pasquotank 
County,  N.  C.) 
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Mature  southern  white  cedar  grown  in  closed  stands  has  a  long,  clear, 
straight  bole  and  is  an  ideal  tree  for  the  saw.  In  dense  stands  the 
crown  is  very  short,  narrow,  rather  thin  and  conical  in  shape,  com- 
monly occupies  only  the  upper  one-fourth  or  one-fifth  of  the  stem,  and 
may  be  only  15  to  25  feet  long  by  10  to  20  feet  wide.  Crowding  causes 
the  bole  to  assume  a  more  nearly  cylindrical  form  below  the  crown  and 
a  very  rapid  taper  within  the  crown.  With  increasing  age,  the  crown 
gradually  dies  off  at  its  base  and  finally  becomes  flattened  and 
irregular. 

Open-grown  trees  have  greater  taper  and  longer  crowns.  They 
are  more  limby  and  therefore  have  rougher  boles  than  those  grown  in 
dense  stands. 


Figure  5. — Southern  white  cedar  timber  killed  by  fire  during 

Norfolk  County,  Va.) 

LEAVES 


dry  autumn.    (Dismal  Swamp, 


The  two,  or  rarely  three,  seed  leaves  (cotyledons)  are  flat,  linear, 
and  rounded  at  the  apex.  (Fig.  6,  A-C.)  During  the  first  year  the 
primary  stem  is  covered  with  rigid,  sharp-pointed,  horizontally  spread- 
ing linear  leaves  about  a  quarter  of  an  inch  long  (fig.  6,  F),  light  green 
above  and  marked  below  on  each  side  of  the  prominent  midrib  with 
pale  bands  (three  or  four  parallel  rows  of  stomata).  The  awl-shaped 
primary  leaves  are  produced  singly,  in  pairs,  or  in  distinct  whorls  of 
three  to  five  leaves  each;  they  usually  wither  by  the  end  of  the  first  or 
second  season.  The  foliage  on  the  branchlets  of  older  stems  consists 
mostly  of  secondary  leaves,  which  are  dull  bluish  green ,^  scalelike, 
ovate-pointed,  awl-shaped,  one-sixteenth  to  one-eighth  inch  long, 
4-ranked,  and  closely  appressed  against  the  flat  branchlets  or  occurring 
on  vigorous  shoots  and  leaders  spreading  at  the  tips.  (Fig.  7,  C,  Y.) 
They  entirely  cover  the  ends  of  the  slender,  drooping  twigs.  When 
exposed  to  the  sun  during  the  winter  the  secondary  leaves  and 
branchlets  frequently  become  rusty  brown.  During  the  second  season 
the  leaves  usually  die  and  turn  reddish  brown,  but  they  persist  on  the 
branchlets  for  many  years. 


SOUTHERN  WHITE  CEDAR 


FLOWERS 


The  flowers  appear  early  in  the  spring,  usually  in  March  or  April 
at  intermediate  latitudes.  The  male  and  female  flowers  are  produced 
separately,  although  on  the  same  tree.  The  male  or  stammate  flwers 
are  oblong,  4-sided,  and  about  one-eighth  inch  long.     (Fig.  7,  H,  I.) 


Figure  6.— Southern  white  cedar  seedlings  of  various  ages:  A,  Seedling  immediately  after  ger- 
mination, bearing  only  cotyledonary  leaves;  B,  seedling  several  days  older,  bearing  primary 
leaves;  C,  D,  E,  more  advanced  plants,  several  weeks  old;  F,  seedling  at  end  of  first  year;  G, 
seedling  2  years  old;  H,  seedling  3  years  old.     (All  slightly  reduced) 

Each  of  the  10  to  21  stamens  is  provided  with  two  pollen  sacs.  (Fig. 
7,  J-P.)  The  female  or  pistillate  flowers  are  borne  on  the  short  lateral 
branchlets  of  terminal  shoots.  (Fig.  7,  A-C.)  They  are  about  one- 
eighth  inch  in  diameter  and  consist  of  three  pairs  of  scales  set  at  right 
angles.     These  scales  are  thinner  and  paler  than  the  surrounding 
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leaves.  Those  of  the  uppermost  pair  are  mostly  sterile.  The  others 
bear  two  rounded,  minute,  flasklike  ovules  on  their  upper  or  inner 
sides.     (Fig.  7,  D-G.) 

CONES 

The  pistillate  flower  develops  into  the  cone,  or  ripened  fruit,  by  the 
end  of  the  first  season.  The  rather  inconspicuous  spherical  cones, 
about  one-quarter  inch  in  diameter,  are  formed  of  five  shield-shaped 
scales  arranged  in  two  pairs  at  right  angles  to  each  other,  with  a  single 


Figure  7.— Flowers  and  fruit  of  southern  white  cedar:  A,  Branchlet  with  young  pistillate  flowers; 
B,  branchlet  with  fully  developed  pibtillate  flowers;  C,  the  same  slightly  magnified;  T>,  E, 
pistillate  flowers  laid  open  longitudinally  to  show  arrangement;  F,  G,  the  same  viewed  from 
above;  U,  branchlet  with  staminate  flowers;  I,  staminate  flower  subtended  by  two  alternate 
whorls  of  leaves;  J,  K,  anthers  bearing  three  pollen  sacs;  L,  M,  the  same  from  inner  side,  pollen 
sacs  split  open;  N,  O,  anthers  with  two  pollen  sacs;  P,  cross  section  of  stamen  showing  attach- 
ment to  filament;  Q,  branchlet  with  mature  fruit;  K,  mature  unopened  cone;  S,  slightly  opened 
mature  cone  viewed  from  above;  T,  U,  side  view  of  open  cones  (seeds  discharged);  V,  the  same 
from  above,  top  scale  removed;  W,  cross  section  through  closed  cone  showing  position  of  seeds;  X, 
the  same  with  the  seeds  separated  from  their  scales;  Y,  branchlet  showing  arrangement  of  leaves. 
(A,  B,  H,  and  Q  somewhat  reduced  and  others  somewhat  magnified) 
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scale  in  the  middle.  Occasionally  cones  are  found  with  six  scales. 
These  scales  are  slightly  rough  and  angular,  and  the  depressed  center 
has  a  weak  prickle.  (Fig.  7,  R-X.)  The  cones  are  light  green  and 
covered  with  a  gray  or  bluish  bloom  while  immature,  changing  to 
bluish  purple,  and  finally  dark  reddish  brown  when  ripe.  They 
mature  in  one  year  and  contain  about  5  to  15  winged  seeds,  or  an 
average  of  10  seeds  per  cone,  of  which  1  to  3  are  embedded  in  a  groove 
at  the  base  of  each  fertile  scale.  There  are  approximately  159,360 
cones  to  the  bushel,  weighing  25  to  35  pounds,  depending  upon  their 
dryness. 

SEEDS 

The  seeds  are  rounded,  slightly  compressed,  light  brown,  and  about 
one-eighth  inch  long,  bearing  winged  membranaceous  margins  about 
as  broad  as  the  seeds  and  darker  in  color,  formed  by  the  seed  coats. 
There  are  between  420,000  and  500,000  clean,  ripe  seeds  to  the  pound, 
the  average  of  11  separate  determinations  of  seed  from  the  Dismal 
Swamp  region  in  North  Carolina  and  Virginia  being  460,000.  The 
average  weight  per  thousand  is  0.96  gram  (0.034  ounce).  The  per- 
centage of  germination  is  70  to  90. 

ROOTS 

Southern  white  cedar  has  a  shallow  root  system.  In  swamps  where 
the  lower  soil  layers  are  permanently  saturated  with  water,  the  roots 
are  confined  chiefly  to  the  upper  1  to  2  feet  of  peat.  Where  the  water 
table  occurs  at  lower  levels  and  the  soils  are  more  deeply  aerated, 
the  roots  often  penetrate  to  greater  depths. 

The  small  taproot  formed  during  the  first  year  is  subsequently 
lost  in  the  development  of  the  strong  superficial  lateral  roots.  (Fig. 
6,  F,  G,'H.)  These  are  numerous  but  do  not  become  large.  They 
are  covered  with  a  thin,  firm  bark  composed  of  a  pale-red  or  reddish- 
brown  outer  layer  and  a  white  inner  layer. 

BARK 

The  volume  of  bark  varies  from  35  per  cent  of  the  total  volume  in 
trees  1  inch  d.  b.  h.^  to  11  per  cent  in  trees  24  inches  in  diameter. 
Although  the  bark  is  usually  quite  thin  over  the  entire  tree,  in  old 
mature  trees  it  may  sometimes  become  1  to  2  inches  thick  at  the 
stump.  The  bark  gradually  decreases  in  thickness  with  increased 
height,  until  it  is  no  more  than  0.1  inch  or  so  where  the  stem  is  1  inch 
in  diameter.  The  bark  varies  in  color  from  ashy  gray  to  fight  reddish 
brown  on  the  outside  and  is  usually  bright  cinnamon  brown  imder- 
neath.  On  small  branches  and  young  trees  the  bark  is  quite  smooth, 
except  that  it  may  be  sfightly  furrowed  by  long,  shallow  fissures.  On 
older  trees  the  bark  is  irregularly  furrowed  into  narrow,  flat,  con- 
nected ridges  separating  into  loose,  elongated,  platelike  scales  which 
easily  peel  off  in  long,  tough,  fibrous  strips. 

GROWTH  REQUIREMENTS 

CUMATE 

At  some  points  in  the  wide  range  of  southern  white  cedar  the  mean 
annual  precipitation  is  as  low  as  40  inches  and  at  others  is  as  high  as 
60  inches.     As  a  rule  the  precipitation  is  rather  evenly  distributed 

»  D.  b.  h.— diameter  at  breast  height,  or  4^  feet. 
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throughout  the  year,  but  in  the  southern  part  a  peak  of  heavy  rain- 
fall occurs  during  July  and  August. 

The  humidity  is  generally  high,  owing  to  the  proximity  to  the  coast. 
The  relative  humidity  commonly  averages  between  70  and  85  per 
cent.  Atmospheric  humidity  is  apparently  not  essential  for  this 
species  so  long  as  the  soil  is  abundantly  supplied  with  water,  but  low 
humidity  may  be  a  limiting  factor  when  soil  moisture  is  deficient. 

The  great  variation  in  temperature  to  which  southern  white  cedar 
is  subjected  is  shown  by  the  records  of  the  four  widely  separated 
United  States  Weather  Bureau  stations,  presented  in  Table  1.  Port- 
land, Me.,  is  near  the  northern  limit  of  the  species,  and  Pensacola, 
Fla.,  may  be  considered  typical  of  the  region  of  moderately  heavy 
production  centering  in  Alabama  and  Florida.  The  southeastern 
New  Jersey  center  of  production  is  represented  by  the  Tuckerton 
station,  and  Norfolk  stands  for  the  region  in  which  the  maximum 
yields  have  occurred.  The  wide  variation  between  the  midwinter 
(January)  mean  minimum  temperature  of  14.7°  F.  for  Portland,  Me., 
and  the  midsummer  (July)  mean  maximum  of  86.8°  for  Norfolk,  Va., 
and  Pensacola,  Fla.,  is  significant.  Within  its  range  the  temperature 
varies  from  a  minimum  of  —25°  at  North  Grosvenor  Dale,  Conn., 
to  a  maximum  of  110°  at  Talbotton,  Ga.,  a  difference  of  135°  F. 

The  length  of  the  growing  season  is  indicated  approximately  by 
the  period  during  which  killing  frosts  do  not  occur.  In  southern 
Maine  this  period  averages  only  157  days;  at  Tuckerton,  N.  J.,  169 
days;  at  Norfolk,  Va.,  237  days;  and  at  Pensacola,  Fla.,  286  days. 


Table  1. 


■Mean  temperature  and  frost  dates  for  selected  stations  within  the  range  of 
southern  white  cedar  ^ 


Mean  maximum 
temperature 

Mean  minimum 
temperature 

Mean  temperature 

Average 
date  of 
last  kill- 
ing frost 

Average 
date  of 

Janu- 
ary 

July 

Annu- 
al 

Janu- 
ary 

July 

Annu- 
al 

Janu- 
ary 

July 

Annu- 
al 

first  kill- 
ing frost 

Portland 

°F. 

30.1 

41.8 

49.0 

60.2 

°F. 

78.1 

84.5 

86.8 

86.8 

°F. 
54.0 

62.5 
67.4 
74.5 

°F. 

14.7 

23.4 

33.5 

45.9 

°F. 

61.5 

63.8 

'   70.5 

74.7 

°F. 

38.6 

42.3 

51.4 

61.0 

°F. 

22.4 

32.6 

41.2 

53.0 

°F. 

69.8 

74.1 

78.6 

80.8 

°F. 
46.3 
52.4 
69.4 

67.7 

May  14 
Apr.   28 
Mar.  25 
Feb.   23 

Oct.    18 

Tuckerton 

Norfolk 

Oct.  14 
Nov.  17 
Dec.     6 

1  Based  on  records  of  22  years  for  Tuckerton,  44  years  for  Pensacola,  48  to  50  years  for  Norfolk,  and  46  to  50 
years  for  Portland,  as  given  in  U.  S.  Department  of  Agriculture,  Weather  Bur.  Bui.  W,  ed.  2, 1926. 

Southern  white  cedar  in  general  requires  a  warm,  equable,  humid 
climate  for  its  best  development.  These  requirements  are  met 
in  the  peat  swamps  above  tidewater  bordering  the  South  Atlantic 
and  the  Gulf  seaboard,  in  which  high  temperatures,  long  growing 
seasons,  and  high  atmospheric  humidities  prevail.  The  most  aggres- 
sive competitors  of  the  cedar  also  grow  more  rapidly  in  this  region 
under  the  same  combination  of  temperature  and  humidity. 


SOIL  AND  SOIL  MOISTURE 


Southern  white  cedar  is  far  more  exacting  in  its  site  requirements 
than  in  its  demands  for  heat  or  atmospheric  humidity.  Soil  and  soil 
moisture  are  the  chief  factors  limiting  the  occurrence  of  this  species 
within  its  natural  range.     It  is  strictly  a  swamp  tree,  and  the  limits  of 
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its  occurrence  usually  coincide  with  the  edges  of  fresh-water  swamps, 
although  a  few  short,  scrubby  trees  are  found  on  drier  and  more  ele- 
vated lands.  In  the  more  inland  parts  of  its  range  this  species  occurs 
along  the  sandy  beds  of  small  streams  or  the  contiguous  sandy  flats 
subject  to  frequent  overflow.  Dense,  pure  stands  are  confined  to 
areas  of  acid  swamp  peat  overlying  a  sandy  subsoil.  The  hardwood- 
cypress  swamps  surrounding  the  cedar  glades,  expecially  those  in  the 
Dismal  Swamp  and  Albemarle  Sound  regions  of  North  Carolina,  are 
underlain  by  a  clay  or  sand-clay  subsoil  less  acid  than  that  of  the  cedar 
swamps.  The  proportion  of  swamp  hardwoods  in  the  cedar  stands 
becomes  greater  as  the  amount  of  silt  and  clay  in  the  underlying  sub- 
soil increases.  Peat  mosses  (Sphagnum)  are  usually  abundant  in  most 
of  the  wet  cedar  swamps.  Although  the  water  in  both  the  cedar  and 
hardwood  swamps  is  acid,  that  of  the  former  is  fresh  and  usually 
drinkable,  whereas  that  of  the  latter  is  often  stagnant  and  polluted. 
Water  ordinarily  stands  in  the  depressions  of  the  cedar  swamps  for 
several  consecutive  months  during  the  winter  and  spring.  In  unusually, 
dry  seasons,  particularly  in  the  autumn,  the  water  table  may  fall  as 
much  as  2  to  3  feet  below  the  surface. 

Although  requiring  much  water,  southern  white  cedar  can  yet 
withstand  such  dry  periods  successfully.  On  upland  soils,  where  the 
tree  has  been  occasionally  planted  as  an  ornamental,  the  much  lower 
water  supply  is  reflected  in  slower  growth  and  less  vigorous  appear- 
ance. Natural  reproduction  in  such  situations  generally  fails  to 
survive. 

UGHT 

The  species  is  very  tolerant  of  shade,  especially  in  early  youth — 
almost  as  much  so  as  hemlock  (Tsuga  canadensis)  and  the  balsam  firs 
(Abies  balsamea  and  A.  Jraseri).  However,  it  can  not  survive  under 
the  extremely  heavy  shade  of  a  dense  stand  of  older  cedar  (7,  11).^ 
The  young  trees  will  stand  about  as  much  shade  as  most  of  the  asso- 
ciated hardwoods  and  much  more  than  northern  white  pine,  pitch 
pine,  pond  pine,  slash  pine,  and  southern  cypress.  Young  cedar  seed- 
lings sometimes  become  established  under  the  shade  of  swamp  shrubs. 

After  the  juvenile  stage  is  passed,  the  tree  becomes  more  exacting 
in  its  demands  for  sunlight.  This  is  evident  from  the  absence  of 
young  trees  among  the  undergrowth  of  closed  stands  and  from  the 
dying  out  of  seedlings,  suppressed  trees,  and  the  lower  branches  at  an 
early  age.  The  intense  struggle  for  light  is  reflected  in  the  rapid  height 
growth  of  the  young  tree  and  the  development  of  a  slender,  slightly 
tapering  bole. 

SUSCEPTIBILITY  TO  INJURY 

In  comparison  with  associated  species,  southern  white  cedar  ranks 
high  in  resistance  to  injuries.  It  is  susceptible  to  wind  throw  but  is 
almost  immune  to  insect  attack.  Parasitic  diseases  ordinarily  cause 
only  hght  losses,  except  where  the  bark  has  been  removed  from  stand- 
ing trees  and  rapid  decay  of  the  sap  wood  ensues.  In  southern  New 
Jersey  many  trees  have  been  ruined  by  fishermen  who  use  strips  of 
the  tough  bark  on  which  to  string  their  fish;  and  in  the  more  remote 
swamps  farther  south  bears  have  made  decay  possible  by  stripping  the 
bark  from  the  trees.    (Fig.  8,  A.)    Fire  is  by  far  the  worst  enemy. 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  75. 
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FIRE 

Because  of  its  thin  bark  and  highly  inflammable  leaves  and  twigs 
southern  white  cedar  is  at  all  ages  very  susceptible  to  fire.  Fire  scars 
on  living  trees  are  uncommon  in  this  species,  since  most  trees  subjected 
to  fire  are  killed.  Even  a  very  light  fire  is  sufficient  to  kill  the  cambium 
(the  layer  of  growing  cells  between  the  bark  and  the  wood),  and  the 
trees  thus  girdled  die.    Many  trees  on  the  edges  of  cedar  swamps  are 


F170835  F163309 

Figure  8. — A,  Southern  white  cedar  tree  from  which  bark  has  been  stripped  by  a  bear,  causing 
decay  to  set  in  near  the  base  (Dismal  Swamp,  Pasquotank  County,  N.  C);  B,  type  of  injury 
resulting  from  Oymnosporangium  botryapites.    (Atlantic  County,  N.  J.) 

killed  by  fires  coming  from  the  outside,  but  in  most  cedar  swamps  the 
peat  is  so  wet  and  the  air  within  the  forest  so  humid  that  fires  seldom 
sweep  through  except  during  unusually  dry  seasons  or  when  an  unusu- 
ally hot  fire  is  driven  by  a  strong  wind.  The  larger  trees  are  sometimes 
not  killed  outright  but  die  gradually  from  the  top  down. 

In  dry  seasons,  when  the  peat  becomes  thoroughly  dried,  fires  on 
adjacent  pine,  hardwood,  or  brush  lands  sometimes  spread  to  the  white 
cedar  swamps  and  cause  severe  damage.  Not  only  young  growth  but 
older  stands  may  thus  be  destroyed  and  the  peat  burned  down  to  the 
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water  table  or  the  underlying  soil.  The  most  disastrous  fires  are 
generally  those  which  burn  in  slash  a  few  years  after  logging.  These 
fires  destroy  large  areas  of  young  growth.  They  will  be  considered 
further  under  the  heading  Influence  of  Slash  Fires  on  Natural  Re- 
production. 

DISEASE  AND  DECAY  < 

The  fungi  of  importance  in  the  management  and  utilization  of 
southern  white  cedar  may  be  considered  in  two  main  groups— those 
attacking  the  Uving  tree  and  those  attacking  the  wood  after  it  is  cut. 

FUNGI    OF    THE    LIVING    TREE 

The  fungi  of  the  first  group  may  be  divided  into  two  classes,  as 
follows:  (1)  Parasitic  fungi,  attacking  the  hving  parts  of  the  tree  and 
reducing  the  growth;  and  (2)  cull  fungi,  attacking  the  heartwood  and 
causing  loss  in  the  quantity  and  quality  of  merchantable  timber.  At 
present  the  direct  loss  in  merchantable  timber  renders  the  cull  fungi 
the  more  important. 

Keithia  chamaecyparissi  Adams  is  intensely  parasitic  and  is  very 
destructive  to  the  foHage  of  young  trees  and  seedlings.  In  dense  stands 
in  the  northern  range  of  the  tree,  seedlings  are  killed  and  the  foliage 
of  the  lower  branches  or  of  young  trees  may  be  entirely  destroyed. 
The  fungus  is  parasitic  on  the  leaves,  causing  them  to  turn  brown, 
then  gray.  This  attack  on  the  leaves  ends  with  the  death  of  the  young 
twigs.  The  presence  of  this  fungus  in  nurseries  is  to  be  expected.  The 
fruiting  bodies  (perithecia)  of  the  fungus  are  usually  conspicuously 
kidney-shaped  areas  on  the  upper  side  of  the  leaf.  They  rupture  from 
one  side.  Lophodermium  juniperinum  (Ft.)  De  Not.  has  a  similar 
effect  but  is  not  so  destructive.  It  appears  to  be  infrequent  and  at- 
tacks the  foliage  only  when  it  is  in  a  constantly  moist  condition,  as 
on  the  branches  of  young  trees  bent  near  the  ground  and  on  seedlings 
covered  with  forest  debris.  The  fungus  is  inconspicuous  but  may  be 
distinguished  by  the  small-sized,  black  fruiting  body  which  ruptures 
irregularly. 

Asterina  qjpressina  Cke.  attacks  the  leaves  of  the  older  twigs, 
causing  them  to  wither  and  die.  The  effects  of  this  fungus  have  been 
studied  in  only  a  few  cases,  and  hence  its  importance  and  the  degree 
of  its  parasitism  are  at  present  unknown. 

Gymnosporangium  myricatum  (Schw.)  Fromme  (G.  ellisii  (Berk.) 
Farl.)  is  a  broom-forming  rust,  with  its  alternate  stage  on  the  leaves 
of  Crataegus.  The  fungus  causes  spherical  and  oblong  sw^ellings  on 
the  branches  and  trunks,  frequently  accompanied  by  a  broomhke 
development  of  the  branches.  The  mycelium  of  the  fungus  is 
perennial  in  the  swellings  and  gradually  causes  the  affected  parts 
to  increase  in  size  from  year  to  year.  Although  the  fungus  may 
completely  dwarf  and  deform  young  trees,  it  has  not  been  found  in 
sufficient  quantity  to  require  much  attention.  On  mature  trees  the 
large  brooms  are  sometimes  very  conspicuous.  In  Rhode  Island  this 
fungus  is  reported  by  Snell  and  Howard  ^  as  apparently  kilHng  some 
small  trees  and  causing  numerous  galls  on  large  ones.  Of  slightly  less 
importance  is  G.  botryapites  (Schw.)  Kern.  This  fungus,  hibernat- 
ing in  the  cortex,  causes  spindle-shaped  swellings  of  the  branches. 

*  Prepared  by  J.  R.  Weir,  formerly  Forest  Pathologist,  Office  of  Forest  Pathology,  Bureau  of  Plant  In- 
dustry, U.  S.  Department  of  Agriculture. 

«  Snell,  W.  El.,  and  Howard,  N.  O.  Unpublished  notes  on  fungi,  chiefly  destroyers  of  structiiral 
timber. 
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Sometimes  the  swellings  on  the  trunk  attain  a  large  size  and  are 
characterized  by  a  rough-ridged'  arrangement  of  the  bark.  (Fig. 
8,  B.)  The  swellings  of  G.  myricatum  are  usually  warty  and  laterally 
developed. 

Trametes  subrosea  (Weir)  is  by  far  the  most  important  fungus  so 
far  found  destroying  the  heartwood  of  southern  white  cedar.  The 
sporophores,  or  fruiting  bodies,  may  easily  be  recognized  by  the  pink 
or  rose  pores  and  context,  but  they  are  inconspicuously  located  on 
the  tree,  often  being  concealed  in  the  crotches  of  the  roots.  The 
upper  surface  of  the  sporophore  becomes  discolored  with  age. 

The  disease  spreads  chiefly  by  wind-blown  spores.  In  dense  stands 
there  is  some  evidence  of  passing  from  one  tree  to  another  through 
decayed  roots. 

The  decay,  which  is  confined  to  the  heartwood,  may  be  found  in 
both  the  butt  and  the  trunk.  In  the  butt  the  rot  may  extend  into 
the  brace  roots,  eventually  making  the  tree  liable  to  wind  throw;  in 
the  trunk  it  rarely  extends  beyond  the  first  log  length  and  is  fre- 
quently confined  to  definite  areas  in  the  wood,  forming  pockets.  In 
the  roots  the  rot  is  more  uniform.  In  its  earlier  stages  it  is  light 
reddish  brown;  later  it  becomes  darker  and  breaks  up  into  more  or 
less  rectangular  blocks  which  crumble  under  pressure. 

The  age  at  which  trees  may  become  infected  varies  with  the  site. 
The  earliest  observed  infection  of  normal  southern  white  cedar  by 
Trametes  subrosea  appeared  in  trees  from  40  to  50  years  old.  In  dry 
situations  infection  occurs  later  than  in  wet  situations.  It  is  not 
possible  at  present  to  estimate  the  extent  of  the  loss  caused  by  fungi 
in  the  living  tree.  In  general,  the  species  may  be  considered  fairly 
free  from  decay. 

An  unidentified,  laminated,  spongy  butt  rot  is  sometimes  found, 
but  it  has  not  been  possible  to  connect  it  with  the  sporophores  of 
any  fungus.  In  appearance  the  rot  resembles  that  caused  by  Poria 
weirii  on  western  red  cedar  and  may  eventually  be  found  to  be  the 
same. 

Polyporus  schweinitzii  Fr.,  which  destroys  the  wood  of  most 
conifers,  is  not  at  present  believed  to  be  of  much  importance  in 
rotting  the  wood  of  this  tree;  only  a  few  instances  of  the  work  of 
this  fungus  have  been  observed.  The  fungus  causes  a  butt  and  root 
rot.  The  rot  is  darker  in  color,  more  pronouncedly  cubical,  more 
friable,  and  more  uniform  throughout  the  heartwood  than  is  the 
rot  caused  by  Trametes  subrosea. 

One  instance  of  the  occurrence  of  Fomes  annosus  and  one  of  Armil- 
laria  mellea  on  southern  white  cedar  have  been  studied,  but  the  extent 
of  the  damage  thus  caused  is  not  known.  The  sporophores  of  the 
former  fungus  are  stratified,  hard,  and  woody,  inconspicuously 
located  in  the  root  crotches,  and  usually  have  shell-like  corrugations 
on  the  upper  surface  with  a  whitish  under  surface.  A.  mellea  is  of 
the  mushroom  type  of  fungi  and  may  appear  in  clumps  about  the 
base  of  the  affected  tree.  Both  species  are  parasitic  on  the  roots 
and  later  cause  a  decay  of  the  heartwood.  The  rots  produced  are 
white. 

The  cull  fungi  of  the  living  tree  in  most  cases  continue  their  attack 
when  the  wood  is  cut  and  left  in  moist  locations.  Trametes  subrosea 
is  reported  by  Korstian  as  destroying  the  sap  wood  of  cut  timbers  in 
the  forest  in  five  to  eight  years. 
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FUNGI    ATTACKING    CUT    TIMBER    ONLY 

A  large  number  of  fungi  never  found  on  the  living  tree  do  consid- 
erable damage  to  fallen  trunks  and  wood  stored  in  the  forest  in  other 
forms.  Polyporus  adustus  (Willd.)  Fr.,  P.  gilvus  Schw.,  Polystictus 
versicolor  (L.)  Fr.,  P.  hirsutus  Fr.,  Schizophyllum  commune  Ft.,  and 
several  of  the  resupinate  Porias  and  Thelephoras,  are  the  most 
common  of  these.  Ordinarily  these  fungi  may  be  considered  bene- 
ficial to  the  forest  in  that  they  rapidly  reduce  the  slash;  but  where 
merchantable  material  is  allowed  to  remain  for  some  time  in  the 
forest  or  is  used  there  for  ties  in  roadbeds  or  for  other  general  struc- 
tural or  improvement  work,  fungous  attacks  may  prove  very  costly. 
This  is  also  true  of  cordwood  stacked  in  the  swamp  or  in  other  wet 
situations;  the  sapwood  is  rapidly  broken  down,  and  the  value  of 
the  wood  is  greatly  reduced.  Cordwood,  crossties,  and  other  ma- 
terials should  be  removed  from  the  forest  within  a  year  after  being 
cut.  As  the  site  is  usually  wet,  considerable  damage  may  result  even 
within  six  months.  Where  permanency  is  desired,  as  in  structural 
work  supporting  logging  railroads  through  the  swamps  and  ties  in 
the  roadbed,  timbers  should  be  treated  before  being  placed  in  service. 

Fomes  pinicola,  usually  one  of  the  most  prolific  destroyers  of 
coniferous  wood,  is  not  common  on  southern  white  cedar. 

INSECTS • 

Southern  white  cedar  has  practically  no  serious  insect  enemies. 
The  larvae  of  the  common  bagworm  (Thyridopteryx  ephemraeformis 
Haw.)  occasionally  feed  on  the  foHage  and  sometimes  completely 
defoliate  small  trees.  Dead  and  standing  cedar  may  be  attacked 
by  termites  or  white  ants  (Reticulitermes  spp.)  which  rapidly  render 
the  timber  unmerchantable.  Prompt  use  of  fire-killed  or  insect- 
killed  timber  will  largely  prevent  such  damage. 

WIND 

Because  of  its  characteristically  shallow  root  system  and  weak  root 
hold  in  the  spongy  peat  of  the  swamp,  southern  white  cedar  can  not 
withstand  severe  winds,  and  many  mature  trees  are  thrown  by  storms. 
Trees  which  grow  in  exposed  situations  along  the  swamp  margins, 
where  they  habitually  encounter  strong  winds,  are  more  windfirm, 
but  such  trees  are  also  scrubby  and  of  little  value  for  lumber  or  poles. 
Southern  white  cedar  trees  which  have  grown  in  dense  stands  on 
swamp  peat  never  become  windfirm,  and  full  consideration  must  be 
given  this  fact  in  planning  the  cutting  method  to  be  applied. 

Wind,  in  addition  to  wind  throw,  causes  damage  to  cedar  timber 
through  breakage  and  wind-shake.  Overmatm-e  trees  are  most  sub- 
ject to  breakage  and  therefore  to  fungi  which  enter  the  exposed  wood 
of  the  shattered  tops.  Wind-shake  is  a  defect  which  in  cross  section 
appears  as  a  separation  of  the  annual  rings.  It  results  from  the 
heavy  stresses  in  the  lower  part  of  the  tree,  caused  by  severe  winds, 
but  seldom  extends  above  the  first  log.  This  mechanical  defect  is  of 
infrequent  occurrence. 

In  the  northern  part  of  the  tree's  range  wind  increases  the  damage 
done  by  heavy  snow  and  sleet. 

fl  Prepared  in  the  Division  of  Forest  Insects,  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture. 
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NATURAL  REPRODUCTION 

Southern  white  cedar  has  a  number  of  characteristics  which  fit  it 
particularly  well  for  natural  reproduction,  which  in  this  species 
originates  almost  wholly  from  seed.  Sprouting  is  limited  to  the  in- 
frequent development  of  shoots  from  dormant  buds  when  seedlings 
and  saplings  are  cut  off  or  otherwise  injured. 

SEED  PRODUCTION  AND  DISSEMINATION 

Southern  white  cedar  produces  large  crops  of  seed  nearly  every 
year;  it  is  an  unusual  year  when  no  seed  is  produced.  Also,  seed 
production  begins  early  in  the  tree's  life — in  open  stands  at  the  very 
early  age  of  4  or  5  years  and  in  dense  stands  at  10  to  20  years.  It 
continues  plentifully  thereafter.  Observation  indicates  that  little  of 
this  seed  is  consumed  by  birds  and  rodents.  Reproduction,  therefore, 
depends  much  more  upon  the  proper  conditions  for  seed  germination 
and  seedling  survival  than  upon  seed  supply. 

The  cones  mature  in  the  early  autumn  and,  under  normal  condi- 
tions, open  and  release  the  seeds  soon  afterwards.  The  seeds  are  well 
adapted  by  their  small  size  and  relatively  large  wings  to  wide  dis- 
tribution by  wind.  They  are  also  disseminated  to  some  extent  by 
floating  in  small  streams  and  swamps.  The  distances  to  which  the 
wind  carries  them  depend  on  the  height  of  the  tree  and  the  wind 
velocity.  Although  convectional  air  currents  and  all  the  factors 
influencing  wind  velocity  have  a  bearing  upon  the  distance  seed  is 
disseminated,  if  the  average  wind  conditions  during  dissemination  and 
the  rate  of  fall  of  the  seed  in  still  air  are  known,  the  average  distance 
to  which  most  of  the  seed  will  be  carried  can  be  determined. 

The  average  rate  of  fall  of  southern  white  cedar  seed  in  still  air  was 
determined  experimentally  by  the  late  H.  W.  Siggins,  at  the  Califor- 
nia Forest  Experiment  Station,  to  be  0.6  foot  a  second.'^  Calculations 
based  upon  this  rate  of  fall  go  to  show  that  most  of  the  cedar  seed 
from  a  50-foot  tree  will  be  carried  about  600  feet  by  a  5-mile  wind  and 
that  from  a  70-foot  height  a  SO-mile  wind  will  carry  it  approximately  a 
mile. 

Many  seeds  filter  into  the  litter  and  peat  of  the  forest  floor.  When 
samples  of  the  upper  inch  of  peat  from  a  mature  white  cedar  forest 
were  spread  out  under  ideal  conditions  for  seed  germination,  cedar 
seed  germinated  at  the  rate  of  over  2,570,000  seedlings  per  acre  (4).  Seed 
in  samples  from  the  second  inch  of  the  peat  layer  germinated  at  the 
rate  of  nearly  1,570,000  per  acre.  Samples  of  the  upper  inch  of  the 
peat  layer  from  an  area  cut  clean  the  previous  year  yielded  some 
3,580,000  seedlings  per  acre.  How  many  of  these  were  dormant 
seeds  and  had  been  held  over  longer  than  a  year  is  a  matter  of 
speculation. 

ESTABUSHMENT  OF  SEEDLINGS 

Seed  of  the  southern  white  cedar  germinates  promptly.  Moisture 
and  heat  are  required  for  germination,  and  for  seedling  establish- 
ment light  is  an  additional  requirement.  Although  the  peat  is 
usually  saturated  with  water  at  the  lower  levels,  the  moisture  in  the 

7  To  obtain  the  average  horizontal  distance  in  feet  that  seed  is  disseminated,  it  is  necessary  only  to  make 
the  following  computation:  i:)ivide  the  average  height  from  which  the  seed  is  distributed  by  the  rate  of  fall 
in  still  air  to  obtain  the  number  of  seconds  necessary  for  the  seed  to  fall  through  still  air;  multiply  this  figure 
by  the  wind  velocity  in  miles  per  hour  and  the  product  by  1.47,  the  flow  in  feet  per  second  of  wind  having  a 
velocity  of  1  mile  an  hour. 
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A,  Dense  slash  resulting  from  logging  southern  white  cedar.  In  such  areas  reproduction  of  cedar  is 
prevented  by  the  heavy  shade  of  the  slash.  The  standing  trees  in  the  center  foreground  are  pond 
pines,  cypress,  and  swamp  hardwoods.  These  species  will  restock  the  area  covered  by  the  .slash. 
(Dismal  Swamp,  Pasquotank  County,  N.  C);  B,  a  roUway  from  which  the  logs  have  been  re- 
moved. Dense  slash  on  both  sides  of  the  rollway  prevents  reproduction  of  southern  white 
cedar,  but  good  stands  commonly  develop  in  the  roUways.  (Dismal  Swamp,  Pasquotank 
County,  N.C.) 
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Plate  2 
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A,  Southern  white  cedar  reproduction  which  came  up  following  a  spring  slash  fire  eight  years 
before.  Since  all  white  cedar  left  on  the  area  following  logging  was  killed  by  the  fire  which 
occurred  when  the  swamp  was  full  of  water,  this  fine  stand  of  young  growth  evidently  origi- 
nated from  seed  stored  in  the  upper  layer  of  peat.  In  November,  1922,  water  was  found  here 
only  in  the  depressions.  (Dismal  Swamp,  Camden  County,  N.  C.);  B,  a  burn  similar  to  the 
one  shown  in  Plate  2,  A,  except  that  the  upper  layer  of  peat  was  consumed  by  an  autumn  fire. 
A  dense  stand  of  swamp  black  gum  and  red  maple  resulted.  Charred  stumps  indicate  that  the 
area  was  once  covered  with  a  heavy  stand  of  southern  white  cedar.  In  November,  1922,  water 
was  6  to  18  inches  deep  all  over  tne  area.    (Dismal  Swamp,  Norfolk  County,  Va.) 
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upper  layers  may  fluctuate  to  such  an  extent  as  to  become  a  control- 
ling factor.  When  the  water  table  is  low,  as  during  the  sununer  and 
early  autumn,  many  seedlings  that  started  in  the  moss  on  stumps  and 
logs  and  on  hummocks  die  from  lack  of  moisture.  When  the  water 
table  is  high,  as  in  the  winter  and  spring,  many  seedUngs  which  germi- 
nate in  the  depressions  or  on  areas  subject  to  prolonged  flooding  are 
drowned.  At  such  times  the  cedar  seedlings  that  survive  are  those 
on  the  small  hummocks  of  peat  around  stumps,  on  moss-covered 
logs  and  stumps,  and  in  rotten  wood  above  the  general  water  level. 
The  warm,  open  situations,  such  as  recent  burns  in  water-fiUed 
swamps,  recently  cut-over  lands,  and  clearings,  offer  the  best  condi- 
tions for  the  estabhshment  of  young  cedar  stands. 

INFLUENCE  OF  COMPETING  VEGETATION 

Although  white  cedar  seedlings  frequently  start  under  a  cover  of 
swamp  shrubs,  the  shade  is  generaUy  so  dense  as  to  hinder  or  prevent 
seedHng  establishment.  The  swamp  shrubs,  because  of  their  ex- 
treme tolerance  of  shade,  are  abundant  even  under  dense  stands. 
When  the  overstory  is  cut,  the  undergrowth  of  shrubs,  vines,  and 
cane,  under  the  influence  of  increased  light,  may  develop  into  a  dense, 
almost  impenetrable  jungle,  in  which  the  white  cedar  seedlings  become 
established  with  great  difficulty.  The  swamp  hardwood  trees 
further  increase  the  density  of  tliis  tangle  of  vegetation.  Where  the 
underbrush  and  hardwoods  are  cut  or  broken  down,  as  in  the  roll- 
ways  and  tramways,  the  cedar  reproduction  develops  with  Httle 
competition;  but  between  the  roUways  and  tramways  the  seedlings 
are  often  hindered  by  the  competing  vegetation. 

INFLUENCE  OF  LOGGING  SLASH 

The  dense  slash  2  to  4  feet  deep  left  after  logging  heavy  stands  in 
southeastern  Virginia  and  eastern  North  Carolina  is  another  hin- 
drance to  the  estabhshment  of  reproduction.^  (PL  1,  A.)  Meas- 
urements show  that  in  logging  operations  about  three-fifths  of  the 
cut-over  area  is  covered  with  slash  and  underbrush  after  logging 
and  that  the  remaining  two-fifths  is  left  clear.  (PI.  1,  B.)  The 
white  cedar  seedlings  come  up  in  dense  stands  in  the  cleared  areas 
between  the  masses  of  slash.  Old  roll  ways  and  tramways  are  often 
marked  by  the  dense  reproduction  that  comes  up  in  them.  Actual 
counts  on  smaU  areas  have  shown  from  100,000  to  over  2,000,000 
cedar  seedhngs  per  acre,  1  to  3  years  old,  on  recent  cuttings  and  over 
30,000  to  the  acre  in  the  same  situations  on  8-year-old  cuttings. 
The  cedar  reproduction  is  usually  so  dense  in  the  roUways  and  tram- 
ways that  the  sprout  growth  of  swamp  hardwoods  and  shrubs  is 
forced  to  a  subordinate  position  in  the  stand. 

On  the  other  hand,  few  seeds  germinate,  and  a  stiU  smaUer  number 
of  seedlings  survive  in  the  cool  dark  situations  under  the  dense  slash 
between  the  rollways  and  tramways.  (Table  2.)  The  hardwood 
sprouts  come  up  through  the  dense  slash,  and  by  the  time  the  slash 
has   decayed   sufficiently   to  form  suitable  seed-bed  conditions  for 

'  In  New  Jersey  the  usual  clear-cutting  results  in  practically  all  slash  being  concentrated  on  narrow  cordu- 
roy roads,  called  "crossways"  or  "causeways,"  built  for  hauling  out  the  products;  thus  most  of  the  area 
is  left  in  good  condition  for  reproduction. 
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cedar — -in  5  to  10  years — the  hardwoods  have  become  so  tall  that 
they  form  the  body  of  the  stand  to  the  exclusion  of  the  cedar.  Areas 
of  dense  slash  interspersed  with  the  cleared  areas  therefore  tend  to 
result  in  mixed  stands  of  white  cedar  and  swamp  hardwoods  on 
unburned  cutting  areas. 

Table  2. — Effect  of  logging  slash  upon  southern  white  cedar  reproduction  in  Dismal 

Swamp,  Va.  and  N.  C. 


Condition  of  area 


Time  since 
cutting 


Seedlings 
surviving 
per  acre 


Basis,  area 


Covered  with  dense  slash . 

Do 

Originally  dense  slash,  now  dense  underbrush  10  to  20  feet  tall 

Covered  with  light  slash 

Cleared  of  slash  4 

Do 

Do 


Years 


Number 

135 

2  157 

145 

1,350 

12, 414 

»  4,  513 

11,500 


Square  feet 

1325 

3  5,000 

3  1,000 

1225 

1850 

3  5,000 

3  1,000 


1  Counts  made  on  plots  5  feet  square  laid  out  at  intervals  of  50  feet. 

2  67  per  cent  are  1-year-old  seedlings;  area  also  contains  1,873  red  maple  and  113  swamp  black  gum  sprouts 
per  acre. 

3  Counts  made  on  5-foot  strips. 

^  Counts  made  in  roUways  and  skidder  pullways. 

5  57  per  cent  are  1-year-old  seedlings;  area  also  contains  1,045  red  maple  and  105  swamp  black  gum  sprouts 
per  acre. 

INFLUENCE  OF  SLASH  FIRES 

The  slash  left  after  logging  is  very  inflammable  and  the  slash  fires, 
which  are  very  common,  customarily  burn  down  to  the  water  level. 
The  living  underbrush  also  burns  and  increases  the  destructiveness 
of  the  fire.  When  the  water  table  is  lowered  during  dry  seasons,  the 
drying  out  of  the  litter,  moss,  and  peat  adds  to  the  fire  hazard  and 
greatly  increases  the  seriousness  of  the  fire.  With  the  destruction  of 
the  upper  layer  of  peat,  the  accumulated  seed,  which  would  other- 
wise give  rise  to  new  stands  of  cedar,  is  destroyed. 

In  the  numerous  instances  in  which  dense  stands  of  white  cedar 
reproduction  have  sprung  up  on  clear-cut  areas  following  single  slash 
fires,  the  fires  occurred  when  the  swamp  was  filled  with  water  and 
before  the  seed  dormant  in  the  peat  had  germinated.  (PI.  2.)  All 
these  areas  have  escaped  disastrous  fires  during  the  dry  seasons 
following  logging.  An  instance  of  a  severe  slash  fire  which  did  not 
destroy  the  seed  because  the  swamp  was  flooded  at  the  time  is  the 
Dismal  Swamp  fire  of  Easter  Sunday,  1913.  This  fire  covered  several 
thousand  acres  of  recently  cut  slash.  All  of  this  area  not  burned 
over  a  second  time  restocked  promptly  with  cedar.  In  general,  cut- 
over  cedar  areas  burned  the  spring  after  cutting,  when  the^  swamp 
was  filled  with  water,  were  found  to  have  restocked  within  six  years 
after  the  fire,  with  an  average  of  3,000  to  3,500  white  cedar  seedlings 
per  acre. 

However,  the  disastrous  effects  of  a  single  fire  during  a  dry  season 
or  of  a  second  burn  at  any  time  can  not  be  overemphasized.  Such 
burns  generally  result  in  a  more  or  less  complete  change  in  the  com- 
position of  the  succeeding  forest  (4),  When  the  original  stand  of 
southern  white  cedar  is  destroyed,  together  with  the  seed  in  the 
upper  layer  of  peat,  the  new  stand  is  likely  to  be  dominated  by 
thicker-barked  pines  in  the  original  stand  which  can  resist  any  ordinary 
fire  and  reseed  the  area.     In  Virginia,  North  CaroHna,  and  South 
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Carolina  this  will  be  pond  pine  (fig.  9)  and  in  the  Gulf  States  slash 
pine.  A  severe  dry-season  fire  which  destroys  most  of  the  pines, 
together  with  the  white  cedar,  or  one  which  consumes  a  large  amount 
of  peat,  results  in  a  stand  in  which  swamp  hardwoods  are  predomi- 
nant. (PI.  2,  B.)  These  hardwoods  will  sprout  and  come  up 
through  a  foot  or  more  of  water. 

GROWTH  AND  DEVELOPMENT  OF  THE  STAND 

The  growth  of  southern  white  cedar  is  moderately  rapid,  its  rate 
depending  chiefly  upon  the  quality  of  the  site.  Growth  is  also  in- 
fluenced by  density  of  stocking  and  condition  of  the  stand. 

Throughout  the  life  of  the  stand  the  trees  compete  with  each  other 
for  light  and  growing  space  above  ground  and  for  water  and  growing 
space  below  ground.  For  the  first  few  years  the  seedlings  are  seldom 
numerous  enough  to  utilize  all  the  growing  space  available,  and  com- 
petition is  not  intense  except  in  small,  dense  patches.     The  seedlings 
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Figure  9. — A  southern  white  cedar  swamp  restocking  to  pond  pine  following  an  autumn  fire. 
Of  the  survivors,  the  live  conifers  are  pond  pine  which  are  elTectively  reseeding  the  area.  The 
dead  trees  are  southern  white  cedar.    (Dismal  Swamp,  Norfolk  County,  Va.) 

grow  rapidly  in  height  and  soon  become  tall  and  slender.  After  a 
few  years  the  increase  in  height,  crown  width,  and  spread  of  roots  is 
sufficient  to  cause  crowding  in  reproduction  of  average  density.  The 
trees  that  are  largest  because  of  more  rapid  growth  the  first  few  years 
are  better  fitted  to  continue  growth  at  an  average  rate,  as  shown  in 
Table  3.  The  shorter  trees  with  small  crowns  grow  more  and  more 
slowly  until  they  literally  die  of  starvation.  In  10  or  15  year  old 
stands  the  crowns  have  usually  closed  together,  and  a  difference  in 
size  of  the  trees  becomes  noticeable.  At  this  stage  of  development 
the  surviving  trees  can  conveniently  be  grouped  into  crown  classes, 
based  on  the  relative  intensities  of  light  received. 

During  this  period,  on  the  better  sites,  any  southern  cypress  grow- 
ing with  the  wl)ite  cedar  will  be  exceeded  in  height  by  the  cedar,  as 
shown  in  Table  4.  When  it  is  thus  overtopped,  the  cypress  may  re- 
main some  time  before  being  shaded  out  but  seldom  endures  until 
the  maturity  of  the  stand.  Table  4  also  shows  that  where  pond  pine 
occurs  its  height  growth  is  more  rapid  than  that  of  the  cedar,  a  tend- 
ency that  may  be  attributed  to  pond  pine's  intolerance  of  shade, 
which  compels  it  to  attain  dominance  in  the  cedar  stands  or  be 


20        TECHNICAL  BULLETIN  251,  V.  S.  DEPT.  OP  AGRICULTURE 

shaded  out.  Although  this  dominant  position  is  successfully  held  by 
those  trees  that  attain  it,  the  proportion  of  pond  pine  in  the  stand  is 
generally  very  small. 


Table  3. — Height  of  young 

southern  white  cedar  at  various  ages  in  different  regions  j 

In  typical  white  cedar  swamps 

On  areas  unfavorable  for  white  cedar 

Age  (years) 

Florida 

Dismal 
Swamp, 
Va.  and 

N.  C. 

New 
Jersey 
and  Con- 
necticut 

Cranberry 
bogs  and 
continu- 
ously 
flooded 
areas  in 
New 
Jersey 

Edge  of 

pine 
barrens 
in  New 
Jersey 

Edge  of 

sandy 

pineland 

in  Bladen 

County, 

N.  C. 

1 .                      

Feet 
0.8 
1.7 
2.9 
4.3 
5.8 
7.5 
9.4 

Feet 
0.5 
1.2 
2.2 
3.5 
5.4 
7.4 
9.4 
11.3 
13.2 

Feet 
0.6 
1.2 
2.0 
2.8 
3.6 
4.5 
6.4 
7.3 
8.3 
9.2 

Feet 
0.2 
.5 
.7 
1.0 
1.2 
1.5 
1.9 
2.3 
2.8 
3.4 
3.9 
4.6 
5.2 
5.9 
6.6 

12 

45 

Feet 
0.2 
.5 
.7 
1.0 
1.3 
1.7 
2.2 
2.7 
3.4 
4.1 
4.9 
5.8 

Feet 

0.2 

2 

.4 

3 

.6 

4 

.8 

5 

1.0 

6 

1.2 

1.4 

8             -       -       

1.7 

9 

1.9 

10 

2.2 

11 

2.5 

12 - 

2.9 

13 

3.3 

14 

3.8 

15 

4.4 

Basis: 

12 
44 

53 
220 

69 
264 

11 
42 

10 

Number  of  sections  on  which 
ages  were  determined 

40 

1  Grown  in  full  light  on  various  sites. 

Table  4. — Height  of  young  southern  white  cedar,  pond  pine,  and  southern  cypress 
at  different  ages,  Dismal  Swamp,  Va.  and  N.  C.^ 


Age  (years) 

Southern 
white 
cedar 

Pond  pine 

Southern 

cypress 

Age  (years) 

Southern 
white 
cedar 

Pond  pine 

Southern 
cypress 

1 

Feet 
0.5 
L2 
2.2 
3.5 
5.4 
7.4 

Feet 
0.7 
1.6 
3.0 
4.9 
7.4 
9.9 

Feet 
0.2 
.4 
.6 
.8 
LI 
L3 

7 

Feet 
9.4 

n.3 

13.2 

Feet 
12.3 

Feet 
L6 

2 

8 

L9 

3 

9        

2.3 

4 

10 

2.7 

5 

15 

5.5 

6 

1  The  number  of  sections  on  which  ages  were  determined  was  220  for  southern  white  cedar,  30  for  pond 
pine,  and  16  for  southern  cypress;  the  numbers  of  trees  measured  were,  respectively,  53,  5,  and  6.  The 
trees  were  grown  in  full  light  on  optimum  white  cedar  sites. 

Not  all  young  white  cedar  stands  behave  in  the  manner  just  de- 
scribed. Many  even-aged  stands  are  so  dense  from  the  start  that 
they  begin  to  stagnate  after  the  first  few  years,  especially  on  the 
poorer  sites.  Stagnation,  or  the  mutual  suppression  of  the  grow^th 
of  all  trees,  is  due  to  intense  competition  and  resultant  reduction  of 
foliage.  The  lower  branches  are  killed  by  shade,  making  the  crowns 
so  short  that  growth  is  greatly  retarded.  The  differentiation  into 
crown  classes  is  correspondingly  slow.  When  released  from  this 
intense  competition  and  given  the  opportunity  to  develop  larger 
crowns  capable  of  sustaining  increased  growth,  the  trees  that  are  not 
too  old  or  have  not  been  suppressed  too  long  will  grow  again  at  the 
usual  rate. 
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From  the  time  the  crowns  begm  to  touch  and  crowd  each  other  the 
differentiation  in  height,  diameter,  and  form  becomes  rapid.  On 
the  better  sites  an  annual  increase  of  1  to  Iji  feet  in  height  and  0.1 
to  0.15  inch  d.  b.  h.  is  maintained  by  these  trees  until  they  reach  an 
age  of  40  to  50  years.  After  this  age  the  height  growth  gradually 
decreases,  practically  ceasing  at  an  age  of  about  100  years.  Diameter 
growth,  although  reaching  its  maximum  rate  at  about  50  years, 
continues  at  a  rate  of  0.1  to  0.15  inch  a  year  for  the  next  50  years. 
Trees  growing  in  open  stands  have  a  more  rapid  rate  of  diameter 
growth  (Table  5),  but  the  height  growth  is  about  the  same. 

Table  5. — Comparison  of  average  diameter  at  breast  height  of  open  and  well-stocked 
southern  white  cedar  stands  ^ 


Age  (years) 

Average 

diameter 

in  open 

stands 

Average 
diameter 
in  well- 
stocked 
stands 

Age  (years) 

Average 

diameter 

in  open 

stands 

Average 
diameter 
in  well- 
stocked 
stands 

20  ... 

Indies 
3.4 
4.4 
5.4 
6.4 
7.4 
8.4 
9.4 

Inches 
2.5 
3.2 
4.1 
6.0 
6.8 
6.7 
7.5 

55 

Inches 
10.4 
11.4 
12.3 
13.3 
14.2 
15.1 

Inches 
8.2 

25 

60-_ 

8.9 

30  - 

65 

9.5 

35 

70 — 

75 

10.0 

40 

10.6 

45 

80- - 

11.1 

50 

1  Basis  for  open  stands,  ring  counts  at  breast  height  on  36  trees.  Basis  for  well-stocked  stands  obtained 
from  the  yield  tables  in  the  appendix  (site  index  62  feet  at  50  years— the  same  site  quality  as  that  on  which 
the  open  stands  occurred). 

The  conifers  associating  with  southern  white  cedar  in  swamps 
which  are  not  too  deeply  or  continuously  flooded  commonly  take  the 
lead  in  rate  of  diameter  growth.  Table  6  gives  a  comparison  of 
diameter  growth  of  southern  white  cedar,  hemlock,  and  white  pine  on 
a  moderately  poor  cedar  site  in  Connecticut.  Other  comparisons  of 
average  breast-high  diameters  reached  at  an  age  of  50  years  are  as 
follows :  On  the  better  cedar  sites  in  the  Dismal  Swamp  in  Virginia, 
pond  pine  10.1  inches  and  white  cedar  8.2  inches;  in  a  river-edge 
swamp  in  Escambia  County,  Ala.,  spruce  pine  11.8  inches  and  white 
cedar  7.8  inches;  in  a  cedar  swamp  near  Poplarville,  Miss.,  slash  pine 
9  inches  and  white  cedar  7.4  inches.  The  figure  for  slash  pine  agrees 
with  that  given  by  Mattoon  (6)  for  the  poorer  slash  pine  lands.  In 
Calhoun  Coimty,  Fla.,  slash  pine  in  association  with  white  cedar  is 
growing  at  a  rate  somewhat  above  that  given  by  Mattoon  for  the 
better  slash  pine  lands.  Many  similar  cases  of  greater  growth  of  the 
associated  species  have  been  observed  but  not  recorded. 

Table  6. — Comparison  of  diameter  at  breast  height  of  southern  white  cedar,  eastern 
hemlock,  and  northern  white  pine  at  different  ages  in  Connecticut  ^ 


Age  (years) 

Southern 
white  cedar 

Eastern 
hemlock 

Northern 
white  pine 

Age  (years) 

Southern 
white  cedar 

Eastern 
hemlock 

Northern 
white  pine 

10 

Inches 
0.6 
L2 
L9 
2.6 
3.3 
3.8 

Inches 
0.6 
1.4 
2.2 
3.0 
3.8 
4.6 

Inches 
1.5 
2.7 
3.8 
5.0 
6.2 
7.3 

40 

Inches 
4.3 
4.8 
5.2 
5.6 
5.9 

Inches 
5.2 
5.8 
6.2 
6.6 
6.9 

Inches 
8.4 

15 

45 

9.5 

20  - 

50 

lae 

25 

55 

1L7 

30  .  . 

60 

12.8 

35 

1  Based  on  measurements  of  20  trees  of  each  species  on  a  moderately  poor  white  cedar  site. 
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In  any  stand  the  stems  of  the  tall,  full-crowned  trees  have  more 
rapid  taper  than  those  of  the  smaller  trees  with  shorter  crowns. 
(Table  7.)  Trees  grown  in  dense  stands  have  shorter  crowns,  less 
taper,  and  greater  volume  than  those  of  the  same  height  and  diameter 
in  open-grown  stands,  although  their  growth  rate  is  less.  The  growth 
possibilities  of  a  tree  are  reliably  indicated  by  crown  development 
and  vigor.  Vigorous  trees  have  dense,  deep-green,  full,  pointed 
crowns.  Southern  white  cedar  trees  with  long,  narrow  crowns  gen- 
erally grow  more  rapidly  than  those  with  short  and  wide  crowns.  In 
raising  timber,  it  is  desirable  that  the  volume  growth  be  made  by 
rapid-growing  trees  that  are  as  free  of  branches  and  have  as  little 
taper  as  possible.  When  both  form  and  rate  of  growth  are  con- 
sidered, 40  to  50  per  cent  of  the  total  height  is  probably  the  most 
desirable  proportion  of  crown  for  southern  white  cedar.  Trees  with 
longer  crowns  are  too  limby,  and  those  with  shorter  crowns  normally 
too  slow  growing. 

Table  7. — Relation  of  arovm  length  to  form  of  southern  white  cedar  ^ 


Crown  ratio  2 
(per  cent) 

Form 
quotient  3 

Crown  ratio  2 
(per  cent) 

Form 
quotient  3 

Crown  ratio  2 
(per  cent) 

Form 
quotient  3 

Crown  ratio  2 
(per  cent) 

Form 
quotient  3 

20      

0.702 
.695 
.688 
.679 

40       

0.669 
.658 
.643 

55 

0.626 
.606 
.583 

70 

0  557 

25 

45 

60 

75 

530 

30 

50 

65      -—     .. 

80 

.500 

35 

»  Based  on  377  trees  in  southeastern  New  Jersey,  southeastern  Virginia,  eastern  North  Carolina,  and 
Calhoun  County,  Fla.     Curved. 

2  Ratio  of  crown  length  to  total  height  of  tree. 

3  Ratio  of  diameter  inside  bark  at  one-half  the  height  above  breast  height  to  the  breast-high  diameter 
inside  bark.    The  form  quotient  is  a  convenient  mathematical  expression  of  bole  form  in  forest  trees. 

The  range  in  diameters  in  even-aged  stands  varies  with  the  density 
of  stocking;  in  dense  stands  the  range  is  small  and  in  open  stands 
large.  In  any  stand  trees  of  the  smallest  and  largest  diameters  are 
relatively  infrequent,  and  the  number  of  trees  in  any  size  class  in- 
creases as  the  diameter  approaches  the  mean  or  average  of  the  stand. 
The  same  is  true  of  the  heights,  although  the  distribution  is  not  quite 
the  same  as  with  diameters  and  the  influence  of  variation  in  density 
is  very  much  less. 

The  relation  between  diameter  at  breast  height  and  height  varies 
with  the  age  of  the  stand  and  its  density.  The  height-diameter 
curve  for  young,  nonstagnant  cedar  stands  (diameters  under  4  to  5 
inches)  is  usually  a  straight  line,  as  A  in  Figure  10,  but  in  stands  of 
larger  and  older  trees  it  becomes  a  curve  of  the  general  type  shown  by 
B,  Figure  10. 

In  southern  white  cedar  stands  the  weakest,  overtopped  trees  die 
rapidly.  Mortality  is  naturally  greater  in  dense  than  in  open  stands, 
because  of  the  more  intense  competition.  The  number  of  trees 
killed  by  competition  is  large  in  young  stands  but  gradually  decreases 
as  the  stand  becomes  older.  The  loss  of  the  wood  contained  in  these 
smaller,  overtopped  trees  is  more  than  offset  by  the  growth  of  the 
larger  trees  remaining,  so  that  the  volume  of  the  stand  increases 
fairly  rapidly. 

Both  value  and  volume  of  wood  increase  with  age  until  the  stand 
is  mature.     The  increase  in  volume  is  then  offset  more  and  more  by 
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increased  mortality.  The  increase  in  diameter  becomes  very  small, 
and  height  growth  practically  ceases.  After  a  time  the  losses  exceed 
the  growth,  and  the  stand  becomes  decadent. 


YIELDS 


Because  of  the  great  variations  between  different  sites  it  is  desirable 
to  have  some  measure  of  their  productivity.    Volume  would  be  the 
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Figure  10.— General  tjTpe  of  height-diameter  curves  for  typical  southern  white  cedar  stands;  A, 
25  years  old;  B,  70  years  old 

most  desirable  measure  if  it  were  not  greatly  affected  by  density  of 
stocking.  Diameter  growth  also  is  influenced  by  density.  The  only 
characteristic  which  is  affected  only  slightly,  if  at  all,  is  the  height 
that  free-growing  or  dominant  trees  attain  at  given  ages.  As  already 
shown,  height  varies  only  slightly  among  the  trees  of  larger  diameter 
in  a  stand,  and  the  height  of  the  average  dominant  can  safely  be 
used  as  an  index  of  the  productivity  or  quality  of  a  site.     Since 


24        TECHNICAL  BULLETIN  251,  U.  S.  DEPT.  OF  AGRICULTURE 

height  varies  with  age  it  is  necessary  when  comparing  two  or  more 
stands  to  compare  their  heights  at  the  same  age.  An  age  of  50  years 
is  commonly  used  as  the  basis  of  site  classification.  This  standard 
age  was  used  in  the  preparation  of  yield  tables  for  southern  white 
cedar. 

The  yield  of  a  stand — that  is,  the  amount  of  wood  produced  per 
acre — depends  on  the  number  and  volume  of  the  individual  trees 
composing  the  stand.  In  well-stocked,  even-aged  stands  the  number 
of  trees  per  acre  and  the  rate  of  growth  depend  largely  on  age  and 
site  quality.  These  factors,  therefore,  determine  the  rate  at  which 
the  number  of  living  trees  decreases  through  competition  as  the 
stand  develops.  The  decrease  in  the  number  of  trees,  however, 
makes  more  growing  space  available  for  the  remaining  trees  and  is 
more  than  offset  by  the  large  size  of  the  survivors.  Even  when  the 
decrease  in  number  of  trees  is  most  rapid,  the  total  basal  area  ^  and 
the  volume  per  acre  continue  to  increase,  rapidly  on  the  better  sites 
and  slowly  on  the  poorer  ones. 

Detailed  tables  giving  yields  at  various  ages  for  well-stocked, 
even-aged  stands  of  white  cedar  on  six  different  qualities  of  site  are 
given  in  the  appendix.  (Tables  20  to  39.)  These  tables  show  that 
50-year-old  stands  in  which  the  dominant  trees  attain  a  height  of 
60  feet  contain  an  average  of  65  cords  to  the  acre,  whereas  on  poor 
sites  that  are  capable  of  producing  dominant  trees  only  30  feet  tall 
the  yield  at  the  same  age  is  only  10  cords.  The  yield  of  stands  100 
years  old  may  be  as  much  as  54,200  board  feet  per  acre  (based  on  the 
international  log  rule,  %-inch  saw  kerf)  on  good  sites  producing  60-foot 
trees  in  50  years,  or  as  low  as  6,550  board  feet  on  poor  sites. 

These  few  examples  clearly  show  that  the  yield  of  southern  white 
cedar  in  even-aged  stands,  fully  stocked  as  to  volume,  varies  greatly 
with  age  and  site  quality.  The  size  of  the  trees  and  the  number  per 
acre  at  a  given  age  vary  widely  on  different  sites.  Great  variations 
are  also  evident  between  the  number  of  trees  to  the  acre  in  different 
stands  on  the  same  site.  These  variations  are  due  occasionally  to 
slight  differences  in  stocking  and  crown  closure  but  usually  to  the 
death  of  trees  in  the  understory.  The  understories  of  some  stands 
have  a  large  number  of  small  living  trees  containing  a  srnall  volume; 
others  have  many  dead  trees,  recently  killed  by  suppression,  and  but 
few  live  trees.  Such  differences  in  the  subordinate  stand,  although 
they  change  the  volume  only  slightly,  cause  pronounced  variations 
in  the  total  number  of  trees  to  the  acre. 

The  yields  given  in  the  appendix  are  for  well-stocked  stands  which 
have  developed  naturally.  A  mature,  well-stocked  stand  of  white 
cedar  forms  a  dense,  unbroken  crown  cover.  The  narrow  crown, 
suggestive  of  many  trees  to  the  acre,  and  the  long  clear  stem  are 
indicative  of  heavy  yields.  Where  proper  methods  of  forest  manage- 
ment are  employed  and  the  stands  are  kept  vigorous  by  thinnings  at 
regular  intervals,  the  total  yields  are  materially  increased.  Not 
only  are  higher  yields  obtained,  but  the  volume  is  contained  in  fewer 
trees  of  larger  size  than  in  un thinned  stands.  Timber  of  higher 
quality  and  suitable  for  a  greater  variety  of  uses  is  thus  obtained. 

«  Basal  area  is  the  cross-sectional  area  of  a  tree  expressed  in  square  feet  and  usually  refers  to  the  section  at 
breast  height.  The  sum  of  the  basal  areas  of  the  trees  in  a  stand  is  the  basal  area  of  the  stand  and  is  usually 
expressed  in  square  feet  per  acre. 
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The  yield  tables  are  useful  not  only  as  guides  to  the  present  approxi- 
mate yields  of  existing  well-stocked,  even-aged  stands  but  also  as  a 
means  for  predicting  the  future  yields  of  such  stands.  They  should 
by  no  means,  however,  be  used  as  a  substitute  for  a  timber  survey 
when  an  accurate  inventory  of  growing  stock  is  wanted.  Precise 
future  yields  can  not  be  predicted,  but  with  the  aid  of  the  tables 
reasonably  reliable  forecasts  of  the  yields  of  young  second-growth 
stands  can  be  made.  These  tables  were  prepared  from  measuremeats 
of  typical,  even-aged  stands  covering  a  wide  range  of  ages  and  qualities 
of  site.  They  are  based  on,  and  therefore  applicable  to,  well-stocked 
stands — that  is,  those  which  contain  enough  trees  to  utiHze  all  the 
growing  space  and  produce  the  maximum  volume  of  wood.  Maximmn 
volume  production  can  be  attained  with  either  a  large  number  of 
small  trees  or  a  smaller  number  of  large  trees.  Under  the  latter  con- 
ditions maximum  board-foot  production  may  become  coincident  with 
maximum  cubic-volume  production.  Since  the  yield  tables  are  based 
on  plots  in  which  the  number  of  trees  varies  widely,  the  board-foot 
yields  given  in  Tables  35  and  39  are  probably  not  the  maximum 
obtainable,  though  the  cubic  foot  and  cord  yields  may  be  close  to 
the  maximum. 

Since  the  yields  given  in  the  tables  are  for  well-stocked  stands 
grown  under  natural  conditions  without  thinnings  or  other  treatment, 
the  approximate  yields  of  other  even-aged  stands  of  white  cedar  can 
be  computed  from  these  tables  if  the  age,  quaUty  of  site,  and  density 
of  stocking  are  known. 

Age  is  determined  by  counting  the  annual  rings  either  on  stumps  of 
felled  trees  or,  for  standing  trees,  on  cores  removed  by  boring  to  the 
center  of  the  bole  at  about  stump  height.  When  the  age  and  height 
of  the  dominant  trees  of  average  basal  area  are  known,  the  index  of 
site  quality,  or  site  index,  can  be  read  from  the  height-age  curves 
(fig.  17  in  the  appendix)  used  as  the  basis  for  site  classification  in  the 
construction  of  the  yield  tables. 

^  The  total  wood  volume  per  acre  produced  by  a  stand  within  a  given 
time  is  probably  the  best  criterion  of  density  of  stocking,  but  its 
determination  requires  detailed  measurements  and  difficult  compu- 
tations. The  total  basal  area  per  acre  is  a  more  easily  appHed  and 
yet  reasonably  accurate  criterion  of  the  density  of  stocking.  The 
basal  area  of  the  stand,  as  computed  from  the  diameter  at  breast 
height  of  all  trees  composing  the  stand,  divided  by  the  basal  area 
given  in  the  yield  tables,  for  the  same  age  and  site  index,  gives  the 
percentage  of  stocking.  Similarly,  the  yields  of  overstocked  stands 
may  be  considered  as  proportional  to  the  percentage  deviation  of 
their  total  basal  areas  from  those  given  in  the  yield  tables  for  well- 
stocked  stands  of  the  same  age. 

Yield  tables  for  well-stocked  stands  are  less  applicable  to  long-time 
forecasts  of  yields  from  greatly  understocked  stands  because,  as 
previously  shown,  diameter  growth  of  understocked  stands,  before 
crown  closure  occurs,  exceeds  that  indicated  by  the  yield  tables.  If 
used,  however,  the  predictions  will  probably  be  conservative.  Until 
the  rate  of  stand  closure  is  determined,  by  periodic  remeasurements 
of  stands  of  different  densities,  satisfactory  yield  predictions  can  not 
be  made  for  such  stands.  Fortunately,  however,  understocked  stands 
of  southern  white  cedar  are  much  less  common  than  well-stocked  or 
overstocked  stands. 
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The  great  variety  of  commercially  valuable  products  derived  from 
southern  white  cedar  makes  it  a  desirable  species  to  grow,  and  its 
rapid  growth,  heavy  yields,  and  ease  of  reproduction  make  it  pecuH- 
arly  adapted  to  forest  management.  This  species,  if  grown  on 
potential  cedar-swamp  lands  under  proper  management,  wiU  probably 
produce  greater  revenues  than  could  be  obtained  from  any  other  use 
of  such  lands. 

LAND  UTIUZATION 

The  belief  that  white  cedar  swamp  lands  can  be  profitably  cleared 
and  drained  for  growing  field  and  truck  crops  is  prevalent  in  some 
localities.  The  peat  on  these  lands,  consisting  of  a  reddish-brown 
stringy  mass  of  cedar  leaves,  bark,  wood,  and  other  vegetable  matter, 
is,  however,  very  poorly  decomposed.  It  contains  only  a  trace  of  soil, 
although  it  is  underlain  by  sand  at  depths  of  2  to  10  or  more  feet. 
A  sample  of  peat  from  Hyde  County,  N.  C,  was  analyzed  by  the 
Bureau  of  Chemistry  and  Soils,  United  States  Department  of  Agricul- 
tm^e,  and  found  to  contain  88.8  per  cent  organic  matter  (loss  on 
ignition),  0.33  per  cent  lime,  0.1  per  cent  potash,  and  0.02  per  cent 
phosphoric  acid.  Only  a  very  small  proportion  of  the  nitrogen  con- 
tained in  the  peat  is  available  as  plant  food.  The  correction  of  the 
acidity  would  require  lime  at  the  estimated  rate  of  13,200  pounds  an 
acre,  too  much  for  profitable  production  of  field  or  truck  crops. 

It  is  not  surprising  that  a  number  of  attempts  to  clear,  drain,  and 
farm  southern  white  cedar  swamps  have  been  decidedly  unsuccessful. 
When  the  swamps  are  cleared  and  drained  the  surface  peat  has  a 
strong  tendency  to  cake  and  harden  beneath  the  sun's  rays,  until  it 
resembles  charred  wood.  White  cedar  land  has  proved  itself  practi- 
cally worthless  for  the  production  of  crops,  save  at  a  heavy  financial 
outlay. 

Although  a  number  of  cedar  swamps  in  New  Jersey  and  Massa- 
chusetts have  been  converted  into  cranberry  bogs,  and  cranberry 
growing  usually  brings  higher  net  returns  from  the  land  than  the 
production  of  white  cedar  timber,  little  increase  in  the  acreage  of  the 
crop  is  to  be  expected  in  the  near  future.  The  entire  area  of  potential 
southern  white  cedar  land  now  in  cranberry  bogs  is  estimated  at 
between  15,000  and  20,000  acres,  and  the  cranberry  industry  is  con- 
ducted on  such  an  intensive  scale  that  a  relatively  small  acreage  is 
sufficient  to  meet  the  demand.  According  to  all  available  information 
it  is  evident  that  by  far  the  greater  part  of  the  potential  cedar  swamp 
lands,  especially  those  underlain  by  sand,  can  best  be  used  for  the 
continuous  production  of  southern  white  cedar. 

TREATMENT  OF  STANDS 

The  main  object  in  managing  forest  lands  is  to  obtain,  in  the  shortest 
possible  time,  a  maximum  sustained  yield  of  merchantable  timber  of 
the  sizes  most  desired.  A  method  of  cutting  designed  to  obtain  com- 
plete natural  reproduction  is  required,  together  with  protection  of  the 
stand  from  fire  and  other  injurious  agents. 

The  age  at  which  the  stand  should  be  cut  will  be  determined  by 
the  size  and  kind  of  material  desired  and  by  the  financial  returns 
accruing  from  rotations  of  different  lengths.  When  the  timber  has 
reached  a  size  most  suited  for  utilization  it  is  best  to  market  it  and 
start  a  new  fast-growing  timber  crop. 
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METHOD    OF    CUTTING 


Cutting,  in  forest  management,  is  an  intermediate  step  in  the  con- 
tinuous process  of  timber  production.  It  must  be  so  conducted  as  to 
result  in  ample  reproduction.  The  reproductive  characteristics  and 
requirements  of  a  species  play  a  very  important  part  in  determining 
the  method  of  cutting.  The  essential  requirements  for  the  formation 
of  fully  stocked  stands  of  southern  white  cedar  are  as  follows:  (1)  A 
sufficient  seed  supply;  (2)  an  abimdance  of  light;  and  (3)  little  compe- 
tition from  other  trees  or  shrubs.  These  requisites  are  easily  provided. 
The  close  utilization  practiced  allows  very  clean  cuttings,  admitting 
the  abundant  light  needed  for  reproduction.  A  large  amount  of  seed 
is  usually  available,  ready  to  germinate  and  establish  a  seedling  stand. 
Competition  of  other  trees  and  shrubs  is  not  to  be  feared  if,  as  will  be 
shown  later,  fires  at  the  wrong  time  can  be  avoided. 

Since  southern  white  cedar  is  very  susceptible  to  wind  throw  and 
fire,  seed  trees  are  of  little  value.     The  few  trees  that  may  be  left 
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Figure  11.— The  stripwise  method  of  cutting  in  a  southern  white  cedar  logging  operation  in  the 
Dismal  Swamp,  Pasquotank  Co.,  N.  C.  Clear-cutting  by  strips  in  this  manner  affords  an  excel- 
lent opportunity  for  seeding-in  a  new  timber  crop,  provided  the  blocks  of  uncut  timber  are 
aUowed  to  stand  untU  at  least  one  heavy  seed  crop  has  fallen 

standing  on  the  heavily  cut  areas,  and  which  might  serve  as  seed  trees, 
are  generally  blown  down  soon  after  cutting. 

A  very  desirable  method  is  to  cut  the  forest  clear  in  strips  not  more 
than  1,000  feet  wide,  leaving  uncut  strips  of  green  timber  between  the 
cuttings.  If  the  strips  are  located  approximately  at  right  angles  to 
the  direction  of  the  storm  winds,  seed  from  the  intervening  uncut 
strips  will  be  effectively  distributed  over  the  clear-cut  strips.  The 
strips  of  uncut  timber  should  generally  be  left  intact.  This  method 
has  the  advantage  of  insuring  ample  reproduction  should  the  seed 
present  be  destroyed  or  should  there  be  any  doubt  as  to  its  adequacy. 

Although  strip  cutting  is  not  generally  practiced,  stands  of  southern 
white  cedar  have  occasionally  been  cut  by  this  method.  In  New  Jer- 
sey one  owner  has  cut  a  strip  each  year,  gradually  working  over  the 
entire  swamp.  This  not  only  proved  a  convenient  way  to  operate 
but  also  resulted  in  well-stocked  stands  of  reproduction  on  the  areas 
cut.  In  the  Dismal  Swamp  several  operators,  who  have  combined 
hand  logging  with  railroad  transportation,  have  followed  a  stripwise 
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method  of  cutting,  although  sufficient  time  to  insure  reproduction  has 
not  always  elapsed  between  the  cutting  of  adjacent  strips.  (Fig.  11.) 
This  method  of  logging  involves  the  location  of  railroad  spurs  so  that 
the  roll  ways  extend  out  on  both  sides  of  the  spur  for  a  distance  of  100 
to  150  yards.  The  distance  between  blocks  of  imcut  timber  is  200  to 
300  yards,  but  no  part  of  the  cut-over  area  lies  beyond  the  seeding 
distance  of  southern  white  ced  ar.  By  judiciously  planning  the  logging 
operation  it  should  be  possible,  without  requiring  a  prohibitive  amount 
of  railroad  steel,  to  allow  the  blocks  of  uncut  timber  to  the  windward 
side  of  the  cut-over  areas  to  stand  until  at  least  one  heavy  seed  crop 
has  been  disseminated. 

SLASH    DISPOSAL    AND    FIRE    PROTECTION 

It  has  already  been  shown  that  few  cedar  seedlings  can  make  their 
way  through  slash.  Slash  biu'ning,  therefore,  may  in  many  instances 
be  necessary  to  insure  well-stocked  stands  of  reproduction.  Burning 
should  be  done  the  first  winter  following  logging,  when  the  swamp  is 
full  of  water  or  sufficiently  wet  to  prevent  the  destruction  of  the  surface 
peat  that  commonly  contains  considerable  white  cedar  seed.  Such 
controlled  slash  burning  will  destroy  the  rank  sprout  growth  of  swamp 
hardwoods,  shrubs,  and  vines  which  are  so  distinct  a  hindrance  to 
cedar  reproduction;  when  they  sprout  again  the  cedar  by  its  rapid 
height  growth  will  overtop  them. 

If  it  is  impossible  to  burn  the  slash  under  favorable  conditions  the 
first  winter  following  logging,  areas  of  slash  should  be  rigidly  protected 
from  fire  for  5  to  10  years  following  logging.  The  shorter  period  of 
intensive  protection  will  be  required  in  the  South  because  of  the 
more  rapid  decay  of  the  slash  there  than  in  the  North. 

Such  rigid  protection  should  consist  of  maintaining  on  slash- 
covered  areas  a  protective  force  sufficient  to  insure  that  any  fire  will 
ordinarily  be  discovered  and  reached  within  one  hour  of  its  occurrence 
by  a  crew  of  men  adequate  to  control  it.  If  logging  is  in  progress, 
the  entire  crew  should  be  subject  to  call  to  fight  fire  during  all  danger- 
ous seasons  throughout  the  period  of  rigid  protection.  All  engines, 
skidders,  loaders,  and  other  logging  equipment  burning  wood  or  coal 
should  be  equipped  with  effective  spark  arresters.  During  dry 
periods  smoking  should  be  prohibited  on  aU  unburned  cut-over  areas. 

CLEANINGS    AND    THINNINGS 

To  produce  the  heaviest  yields  and  best  quality  of  southern  white 
cedar  timber  in  the  shortest  time,  thinnings  are  necessary.  The 
purpose  of  thinnings,  in  addition  to  some  salvage  of  the  many  small 
trees  that  would  otherwise  die  and  rot,  is  to  maintain  the  stands  at 
the  density  most  favorable  for  growth  of  the  better  trees.  The  trees 
remaining  after  thinning  should  be  close  enough  together  to  utilize 
all  the  growing  space  and  produce  well-formed  boles,  but  not  so  close 
as  to  slow  down  the  growth  materially. 

Where  more  than  a  single  thinning  is  practical  the  interval  can  be 
judged  by  the  rate  at  which  the  crowns  extend  laterally,  which  varies 
with  the  rate  of  growth  of  the  trees  and  therefore  with  site  quality 
and  age.  Thinnings  should  leave  the  stand  uniformly  opened  to  an 
extent  which  insures  that  the  crowns  will  not  close  together  to  form  a 
continuous  crown  canopy  in  less  than  8  to  10  years,  or  the  period  it 
would  probably  take  the  crowns  of  dominant  trees  to  close  a  space  of 
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5  or  6  feet  under  average  conditions.  Young,  dense,  rapid-growing 
stands  on  the  best  sites  may  need  thinning  after  an  interval  of  10  years, 
while  older,  slow-growing  stands  on  relatively  poor  sites  would  not 
need  to  be  thinned  a  second  time  in  less  than  20  years. 

The  natural  growth  of  southern  white  cedar  stands  is  attended 
by  a  heavy  death  rate,  caused  by  intense  competition.  (Fig.  12.) 
A  well-executed  program  of  thinning  will  not  only  prevent  loss  and 
stagnation  in  the  stand,  but  will  also  promote  rapid  growth  in  just 
enough  of  the  trees  to  occupy  finally  the  full  crown  area.  Thus  a 
crowded  stand  containing  originally  several  thousand  seedlings  to 


Figure  12,— A  dense,  unthinned  35-year-old  stand  of  southern  white  cedar  in  Atlantic  Comity, 
N.  J.    The  stand  is  becoming  stagnant,  and  there  is  much  loss  through  death  and  decay 

the  acre  may  be  reduced  to  a  few  hundred  trees  at  maturity,  carefully 
selected,  and  of  high  quality.  (Fig.  13.)  In  this  way  the  volume 
growth  of  the  entire  stand  is  concentrated  and  improved  in  quality. 
The  trees  reserved  for  the  final  cut  will  be  larger  and  better  formed 
than  those  in  unthinned  stands,  and  the  yield  will  be  considerably 
increased  by  thie  material  salvaged  in  the  thinning.  Also  the  rota- 
tion, or  length  of  time  between  successive  crops  of  mature  timber, 
may  be  shortened. 

In  addition  to  thinning,  it  may  sometimes  be  necessary  to  rid  the 
stand  of  undesirable  trees,  whether  of  cedar  or  other  species.  So 
far  as  practicable,  young  stands  should  be  cleaned  or  weeded  of  poorly 
formed  and  diseased  trees  and  of  trees  of  less  valuable  species  which 
might  otherwise  usurp  the  growing  space  and  cause  the  death  of 
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better  trees.  When  the  trees  removed  possess  sprouting  ability,  as 
the  swamp  hardwoods,  it  may  be  desirable  to  resort  to  one  or  two 
additional  cleanings,  made  at  intervals  of  about  five  years.  On  cut- 
over  areas  where  the  slash  is  not  burned,  cleanings  will  doubtless  be 
very  desirable  to  free  the  cedar  from  the  competition  of  the  swamp 
hardwoods.  Girdling  and  poisoning  with  sodium  arsenite  are  prob- 
ably the  best  means  of  eliminating  the  larger  swamp  hardwoods. 
In  poisoning,  cuts  should  be  made  through  the  live  inner  bark  to 
facilitate  more  uniform  distribution  of  the  poison.  In  girdling,  it 
will  be  necessary  to  cut  somewhat  deeper  into  the  sapwood  in  order 
to  kiU  the  trees. 

In  New  Jersey,  where  stands  have  ordinarily  been  handled  on  a 
70  to  80  year  rotation,  the  experience  of  the  State  forest  service  has 
demonstrated  the  economic  advantages  of  only  one  moderately  heavy 
thinning  during  the  life  of  a  stand. ^^  This  thinning,  made  prefer- 
ably at  the  age  of  35  to  45  years,  removes  the  overtopped,  interme- 
diate, and  some  of  the  codominant  trees  and  leaves  from  700  to  1,000 
trees  per  acre.  It  was  earlier  believed  that  such  a  thinning  would 
result  in  serious  damage  by  wind  throw,  snow,  or  ice;  but  it  was  found 
that  if  the  swamps  were  protected  on  the  windward  side,  such  dam- 
age was  confined  mainly  to  small  trees,  which  probably  should  have 
been  removed  in  the  thinning.  More  than  a  single  thinning  is  hardly 
justified  here,  because  of  the  heavy  cost  of  cutting  the  underbrush 
and  removing  the  material  cut.  This  cost  must  be  met  from  the 
sale  of  the  trees  removed  before  a  profit  is  realized;  thus  products 
must  have  a  high  unit  price  and  be  available  in  large  numbers  per 
acre.  Present  results  in  New  Jersey  indicate  that  thinnings  in  stands 
20  to  25  years  old  are  of  doubtful  value,  both  financially  and  in  actual 
benefit  to  the  remaining  stand  on  such  sites. 

Shade- tree  stakes  and  the  other  smaU-sized  products  available  in 
large  numbers  per  acre  and  at  a  high  unit  price  can  obviously  be 
removed  but  once  during  the  rotation.  If  a  later  thinning  were 
made,  larger-sized  material  would  necessarily  have  to  be  cut,  and 
in  order  to  make  the  thinning  profitable,  so  much  growing  stock  would 
probably  have  to  be  removed  as  to  reduce  materially  the  value  of 
the  mature  stand.  Hence,  in  a  stand  managed  under  a  70  to  80 
year  rotation,  a  second  thinning  has  not  appeared  practical. 

The  cedar  thinnings  made  from  1921  to  1928  by  the  New  Jersey 
Forest  Service  are  indicative  of  the  results  and  profits  to  be  expected 
where  a  good  market  exists  for  small-sized  products.  Here  profitable 
thinnings  may  be  made  in  relatively  young  stands  when  the  products 
of  thinning  are  first  marketable  (1).  In  1921  a  35-year-old  stand 
of  white  cedar,  near  Atsion,  N.  J.,  containing  2,656  trees  per  acre 
ranging  from  1  to  8  inches  in  diameter,  was  thinned  to  1,592  trees 
to  the  acre.  From  the  trees  removed  in  thinning,  ranging  from  1 
to  5  inches  in  diameter,  1,240  bean  and  rustic  poles  were  sold,  at  a 
net  profit  of  about  $35  per  acre.  Later  observations  indicate  that 
this  stand  could  have  been  thinned  to  about  800  trees  per  acre  with- 
out exposing  it  to  loss  by  wind  throw  or  snow  and  ice  damage;  in 
fact,  it  should  have  been  thinned  more  heavily  to  get  the  best  results 
of  increased  growth. 

10  The  writer  is  indebted  to  former  Associate  State  Forester  W.  M.  Baker  and  Assistant  Forester  A.  T. 
Cottrell,  of  New  Jersey,  for  the  information  on  thinning  southern  white  cedar  in  New  Jersey. 
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From  1926  to  1929  a  total  of  26  acres  of  southern  white  cedar  was 
thuined  on  the  Lebanon  State  Forest,  in  Burlington  County,  N.  J. 
Of  the  thinned  area,  15  acres  bore  a  relatively  dense  stand  under  45 
years  of  age  and  11  acres  supported  a  stand  over  60  years  old.  The 
material  taken  out  consisted  of  40,000  shade-tree  stakes,  42,000  bean 
and  rustic  poles,  4,500  arbor  poles,  2,000  fence  posts,  and  about  700 
telephone  poles  and  logs.  These  products  were  sold  for  $8,750. 
The  products  w  ere  removed  from  the  swamp  by  means  of  a  hght  push 
car  operated  by  man  power  on  a  Hght  steel  track,  consisting  of  12- 
pound  rails  made  up  in  15-foot  portable  sections  with  metal  ties. 
After  deducting  all  costs  of  labor,  tools,  hauling  4  to  8  miles  to  the 
railroad,  and  depreciation  on  tramroad  equipment,  totaling  $7,800,  a 
net  profit  of  $36.54  an  acre  remained.     Owing  to  the  relatively  long 


FiQUKE  13.— A  part  of  the  stand  shown  in  Figure  12,  thinned  to  provide  each  of  the  remaining 
vigorous,  thrifty  trees  with  ample  growing  space 

haul  to  the  railroad  and  the  fact  that  the  swamp  area  thinned  is 
surrounded  by  boggy  approaches  and  extensive  areas  of  deep  sand, 
making  hauling  difficult,  the  New^  Jersey  officials  regard  the  cost  of 
$300  an  acre  as  approaching  the  maximum  for  cedar  thinnings. 
They  believe  that  under  favorable  logging  conditions  this  figure  can 
be  reduced  to  $200  an  acre  and  to  about  $250  for  average  New  Jersey 
conditions  on  sites  producing  40  to  50  foot  white  cedar  in  50  years. 
In  general,  dense  stands  of  southern  white  cedar  should  be  thinned 
as  early  as  the  material  removed  can  be  marketed  at  a  profit,  or 
certainly  before  the  stand  has  greatly  stagnated.  Profitable  com- 
mercial thinnings  w^ill  probably  be  restricted  to  dense,  thrifty  white 
cedar  stands  on  sites  capable  of  producing  dominant  trees  40  feet  or 
more  in  height  in  50  years.  Where  the  stand  can  be  thinned  more 
than  once,  the  best  time  for  the  first  thinning  is  during  the  period  of 
most  rapid  height  growth,  which  occurs  so  early  that  enough  mer- 
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charitable  material  to  pay  the  cost  of  the  thinning  can  not  often  be 
obtained.  In  the  South,  until  small-sized  material  becomes  mer- 
chantable, thinning  can  bring  in  a  return  only  in  stands  containing 
larger-sized  material.  However,  an  early  unremunerative  thinning 
may  sonietimes  be  necessary  to  prevent  stagnation  and  to  bring 
about  within  the  stand  conditions  favoring  rapid  growth.  Such 
thinnings  will  probably  pay  in  the  end. 

BEST  TIME  TO  HARVEST  THE  TIMBER  CROP 

The  length  of  rotation,  or  the  number  of  years  which  elapses 
between  the  establishment  of  the  forest  and  the  time  when  it  is  finally 
cut,  is  an  important  consideration  in  the  management  of  these  cedar 
swamp  lands.  The  rotation  is  determined  by  the  age  at  which  the 
mean  annual  volume  growth  or  increment  per  unit  of  area  is  greatest ; 
by  the  time  required  to  grow  the  material  desired,  as  cordwood,  poles, 
or  saw  timber;  by  the  highest  net  revenue  to  be  obtained  from  the 
timber;  or  by  the  limitations  of  the  species  in  reproductive  capacity 
or  resistance  to  decay.  The  time  when  the  greatest  mean  annual 
increment  occurs  is  probably  the  best  basis  for  determining  the  age 
at  which  to  cut  the  stand.  The  rotation  can  then  be  modified  in 
accordance  with  the  kind  of  material  desired  and  with  the  financial 
considerations,  such  as  taxes,  cost  of  administration  and  protection, 
stumpage  values,  and  market  demands. 

In  terms  of  cordwood  the  greatest  mean  annual  growth  of  unthinned 
southern  white  cedar  stands  occurs  at  50  years  on  the  best  sites,  at  70 
years  on  average  sites,  and  at  90  to  100  years  or  more  on  very  poor 
sites.  The  greatest  mean  annual  growth  of  unthinned  stands  in 
board  feet  of  lumber  takes  place  on  good  white  cedar  sites  between 
70  and  90  years  of  age  and  at  well  over  100  years  on  the  average  and 
poorer  lands.  The  larger  size  of  saw  timber  and  the  very  dense 
stocking  of  the  unthinned  natural  stands  tend  to  increase  the  age  at 
which  the  greatest  mean  annual  volume  growth  of  saw  timber  occurs. 
In  thinned  and  weU-managed  stands  this  should  occur  at  an  earlier 

The  age  at  which  the  highest  net  money  return  will  be  obtained,  or 
the  financial  maturity  of  the  stand,  is  usually  less  than  the  age  of  the 
greatest  mean  annual  volume  growth,  owing  to  the  influence  of 
compound  interest  in  accumulating  the  carrying  charges  on  the  forest 
property  and  decreasing  the  net  revenue.  The  important  carrying 
charges  include  the  interest  on  the  initial  investment  in  value  of  land 
and  the  annual  expenditure  for  taxes,  protection,  and  administration. 

With  a  stumpage  price  of  $5  a  cord,  a  charge  of  10  cents  an  acre 
each  year  for  administration  and  protection  compounded  annually 
at  4  per  cent,  and  a  yield  or  severance  tax  of  10  per  cent  on  the  gross 
yield  at  time  of  cutting,  the  highest  soil  rental  is  obtained  at  about 
35  years  for  the  best  white  cedar  land,  at  50  years  for  land  of  average 
quality,  and  at  60  years  for  poor  land.  With  the  same  costs  but  with 
a  stumpage  price  of  $10  a  thousand  board  feet,  the  greatest  soil  rental 
occurs  at  50  years  on  the  best  sites,  at  65  years  on  medium  sites,  and 
at  80  years  on  the  poor  sites. 

The  increase  in  stumpage  price  due  to  a  rapid  increase  in  quality 
of  the  larger-sized  material  that  can  be  grown  in  carefully  managed 
stands,  together  with  the  revenue  obtained  from  thinnings,  generally 
extends  the  financial  rotation  based  on  the  greatest  soil  rent  toward 
the  period  when  the  greatest  mean   annual  board-foot  increment 


SOUTHERN  WHITE  CEDAR  33 

occurs,  on  all  except  the  poor  sites.  On  good  white  cedar  land  the 
saw -timber  rotation,  as  determined  by  financial  considerations,  may 
approximate  that  based  on  mean  annual  increment.  When  all  the 
important  factors  are  considered,  a  rotation  of  40  to  50  years  seems 
desirable  for  the  production  of  cordwood  and  60  to  80  years  for  saw 
timber  in  well-managed  white  cedar  stands  on  all  but  the  poorer  lands. 

FINANCIAL  RETURNS 

The  profit  or  loss  from  investments  in  second-growth  southern 
white  cedar  depends  upon  the  commercial  value  of  the  stand  and  the 
total  cost  of  producing  the  stand  with  interest  compounded  annually. 
The  cost  of  production  includes  initial  expenses  and  annual  carrying 
charges.  Interest  on  the  initial  land  value  is  properly  chargeable 
against  the  cost  of  timber  growing.  Since  the  land  remains  as  an 
asset  when  the  timber  is  cut,  only  the  interest  on  the  land  value  need 
be  calculated  as  an  actual  expenditure.  The  annual  expense  includes 
taxes  on  the  land  and  annual  costs  of  protection  and  administration, 
both  chargeable  as  annuities  at  a  specific  rate  of  interest. 

The  determination  of  the  relation  of  cost  to  financial  returns  is  more 
complicated  for  timber  crops  than  for  other  agiicultural  crops  because 
long  rotations  involving  compound  interest  must  be  considered, 
instead  of  simple  interest  for  a  single  year.  The  computation  of 
financial  returns  from  growing  white  cedar  involves  so  many  variable 
or  speculative  elements,  such  as  lumber  values,  taxes,  interest  rate, 
and  the  influence  of  accessibility,  that  figures  covering  all  the  variable 
factors  are  rarely  available.  A  few^  examples  are  given  to  illustrate 
the  methods  of  determining  financial  returns  and  the  extent  to  which 
they  are  influenced  by  such  factors  as  quaUty  of  site,  rotation,  interest 
rate,  and  land  value. 

In  these  examples  the  cost  of  production,  comprising  interest  on 
the  value  of  the  land  and  the  annual  expenses  for  taxes,  administra- 
tion, and  protection,  is  computed  at  5  per  cent  interest  to  the  end  of 
the  rotation.  The  annual  expense  for  administration  and  protection 
is  placed  at  10  cents  an  acre.  An  equitable  form  of  taxation  is 
assumed,  consisting  of  a  nominal  land  tax  of  1  per  cent  of  the  full 
value  of  the  bare  land  alone,  payable  annually,  and  a  yield  or  sever- 
ance tax  of  10  per  cent  of  the  gross  value  of  the  timber  when  it  is  cut 
at  the  end  of  the  rotation. 

Cost  of  administration  and  taxes  together  at  25  cents  an  acre  a 

1  n^— 1  /^ 

$52.34.  The  interest  on  the  investment  in  $15  land  for  50  years  is 
$15  (1.05^«-  1)  =$157.01.  ^  The  total  cost  of  production,  therefore,  is 
$209.35.  From  Table  30  it  is  seen  that  the  best  white  cedar  land, 
which  will  produce  70-foot  trees  in  50  years,  w^ill  yield  82.7  cords  an 
acre  at  this  age.  With  stumpage  valued  at  $5  a  cord  the  gross  returns 
amount  to  $413.50,  and  after  deducting  a  10  per  cent  yield  tax  a  net 
return  of  $372.15  remains.  A  net  profit  of  $162.80  an  acre  is  obtained 
after  deducting  the  total  cost  of  production.  With  the  same  cost  of 
administration,  taxes,  interest  rate,  and  gross  returns,  a  land  value 
of  $10  an  acre  will  increase  the  net  profit  to  $267.48,  while  a  land 
value  of  $30.55  an  acre  wdll  eliminate  the  net  profit.  Also  on  cedar 
land  of  poor  quality,  capable  of  producing  trees  30  feet  or  less  in  height 
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in  50  years,  a  land  value  of  only  $5  an  acre  will  show  no  profit  for 
any  rotation  period. 

An  increase  in  the  stumpage  price  is  reflected  in  higher  net  returns. 
With  a  stumpage  price  of  $7.50  a  cord  and  other  expenses  as  in  the 
foregoing  example,  the  net  returns  at  50  years  become  $348.88  and 
$135.61,  respectively,  for  land  of  good  quaUty  valued  at  $15  an  acre 
and  of  medium  productivity  at  $10  an  acre. 

A  low  interest  rate  tends  to  increase  the  net  profits  from  timber 
growing,  and  a  sufficiently  high  interest  rate  will  eliminate  any  profit 
which  might  otherwise  accrue  from  the  enterprise.  With  interest 
computed  at  5  per  cent  compounded  annually  the  profit  to  be  ex- 
pected in  50  years  from  white  cedar  lands  of  good  quality  has  been 
shown  to  be  $162.80.  With  an  interest  rate  of  4  per  cent  the  profit 
becomes  $242.38,  and  with  an  interest  rate  of  6  per  cent  the  profit  is 
reduced  to  $38.27  on  good  land.  On  lands  of  medium  and  poor 
quality  6  per  cent  interest  would  result  in  losses. 

Another  method  of  determining  financial  returns  from  timber 
growing  is  that  in  which  the  entire  returns  are  expressed  as  the  actual 
rate  of  interest  earned  upon  the  investment.  This  method,  which  is 
illustrated  in  Table  8,  is  more  useful  as  a  comparative  measure  of  the 
investment  than  the  method  in  which  the  returns  are  divided  between 
interest  on  the  investment  and  a  lump  sum  realized  when  the  timber 
is  sold.  The  precise  interest  rates  earned  on  investments  in  timber 
growing  were  read  from  a  series  of  graphs  for  land  values  of  $2.50, 
$5,  $10,  $15,  and  $20  an  acre,  for  different  rotations  and  for  sites  of 
good,  medium,  and  poor  quality.  From  Table  8,  which  shows  the 
effect  of  varying  the  initial  investment  in  value  of  the  land,  it  is  evi- 
dent that  with  ordinary  stumpage  prices  high  valuations  can  not 
be  placed  upon  the  land  alone  if  southern  white  cedar  is  to  be  grown 
profitably. 

A  third  method  of  computing  financial  returns  may  be  used  where 
a  portion  of  the  area  is  cut  over  each  year,  as  under  management 
intended  to  provide  a  sustained  annual  yield  of  forest  products. 
With  a  rotation  of  50  years,  an  area  of  50  acres  is  required  to  allow 
cutting  1  acre  annually.  The  investment  in  such  a  tract  consists  of 
land  values,  the  growing  timber  of  all  ages  up  to  50  years,  taxes, 
administration,  and  protection  costs.  The  amount  of  growing  stock 
can  be  computed  from  the  yield  table  by  totaling  the  stand  on  each 
acre,  there  being  1  acre  in  each  1-year  age  class.  A  simple  approxi- 
mate method  uses  five  times  the  value  for  each  5-year  age  class. 
Thus,  the  25-year  value  would  be  used  for  the  age  class  22.5  to  27.5 
years,  the  30-year  value  for  27.5  to  32.5  years,  and  so  on,  except 
that  for  a  50-year  rotation  the  50-year  value  would  apply  to  47.5  to 
50  years  and  should  therefore  be  multiplied,  not  by  5  but  by  2.5. 
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Table  8. — Percentage  earnings  to  he  expected  from  crops  of  southern  white  cedar 
cordwood  grown  on  sites  of  different  quality  and  value  and  under  different  rota- 
tions ^ 

GOOD  SITE— 70-FOOT  TREES  IN  50  YEARS 


Earnings  on  land  values  of— 

Age  (years) 

$2.50  per 
acre 

$5  per 
acre 

$10  per 
acre 

$15  per 
acre 

$20  per 
acre 

30          --     .-     

Per  cent. 
13.5 
11.5 
9.6 
8.2 
7.1 
6.1 

Percera 
11.2 
10.0 
8.3 
7.2 
6.2 
5.4 

Percent 
9.0 
8.2 
7.0 
6.0 
5.3 
4.7 

Percent 
7.6 
7.2 
6.2 
5.4 
4.7 
4.2 

Per  cent 
6.8 

40                                          -      -             -- 

6.5 

50         

5.6 

60                      -.--.---  - 

4.9 

70                                                       .       --              

4.3 

80       

3.8 

MEDIUM  SITE— 50-FOOT  TREES  IN  50  YEARS 


30 
40 
50 
60 
70 
80 


8.4 

6.5 

4.6 

3.6 

8.7 

7.2 

5.6 

4.7 

8.0 

6.8 

5.5 

4.7 

7.2 

6.2 

5.1 

4.4 

6.3 

5.4 

4.5 

4.0 

5.5 

4.8 

4.1 

3.6 

2.8 
4.1 
4.2 
4.0 
3.6 
3.2 


POOR  SITE— 30-FOOT  TREES  IN  50  YEARS 


40. 
50. 
60. 
79- 
80- 


3.4 

2.4 

1.4 

0.8 

4.8 

3.7 

2.6 

2.0 

4.8 

3.8 

2.9 

2.4 

4.4 

3.7 

2.9 

2.4 

4.1 

3.4 

2.7 

2.3 

0.5 
1.6 
2.0 
2.0 
2.0 


1  Read  from  a  series  of  graphs.  Computations  based  on  annual  administration  and  protection  expense 
of  10  cents  an  acre,  annual  land  tax  of  1  per  cent  of  full  land  value,  and  a  yield  tax  of  10  per  cent  of  gross 
value  of  timber  when  cut,  and  cordwood  at  $3  a  cord. 


With  land  valued  at  $5  an  acre  and  capable  of  producing  50-foot 
trees  in  50  years,  cordwood  at  $5  a  cord,  protection  and  administra- 
tion at  10  cents  an  acre,  and  a  land  tax  of  1  per  cent,  the  investment 
in  the  50-acre  tract  is  shown  in  the  following  tabulation : 

Land $250.  00 

Growing  stock,  526.5  cords 2,  632.  50 

Administration  and  protection 5.  00 

Land  tax 2.  50 

Investment 2,  890.  00 

The  income  is  the  value  of  the  cut  from  1  acre  of  50-year-old  timber 
less  the  yield  tax,  or 

Stumpage,  41.8  cords $209.00 

Yield  tax  of  10  per  cent 20.  90 

Income 188.  10 

The  net  income  of  $188.10  represents  an  annual  return  of  6.5  per 
cent  interest  on  the  investment  of  $2,890. 
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ECONOMIC   IMPORTANCE,   PHYSICAL   CHARACTERISTICS, 
AND  UTILIZATION  OF  THE  WOOD  '"■ 

By  W.  D.  Brush  12 

ECONOMIC  IMPORTANCE 

Southern  white  cedar  reaches  its  best  development  in  swamps 
where  few  other  important  timber  trees  thrive,  and  the  occurrence 
of  cedar  stands  gives  value  to  many  swamps  which  otherwise  would 
be  practically  worthless.  The  excellent  properties  of  the  wood  make 
it  of  special  value  for  many  purposes,  principally  boats,  tanks, 
planing-mill  products  and  millwork  (including  siding  and  finish), 
and  boxes  and  crates.  In  addition  to  its  durability,  light  weight, 
and  ease  in  working  with  tools,  the  very  gradual  taper  of  the  tree 


FiGUKE  14.— Southern  white  cedar  shingle  bolts  stacked  in  mill  yard 

makes  it  valued  for  poles,  dock  shores,  posts,  and  stakes.  For  over 
a  century  it  has  also  supplied  a  local  demand  for  such  commodities 
as  shingles  and  wooden  ware. 

In  boat  building,  one  of  its  most  im.portant  uses,  southern  white 
cedar  is  preferred  for  planking  especially,  but  also  for  deck  and  cabin 
construction,  for  rowboats,  hfeboats,  motor  boats,  and  yachts. 
Boat  boards  bring  as  much  as  $100  a  thousand  board  feet  at  the  saw- 
mill and  $120  from  lumber  dealers.  Unusually  large  boards  of  high 
quality  and  clear  of  defects  have  sold  for  as  much  as  $250  a  thousand 
board  feet. 

The  importance  of  southern  white  cedar  is  thus  not  dependent 
upon  a  large  annual  output  but  upon  the  qualities  of  the  wood  which 
adapt  it  for  special  purposes. 

Good  stands  ot  cedar  in  New  Jersey  bring  $150  an  acre,  and  swamp 
lands  bearing  heavy  stands  have  been  know^n  to  sell  as  high  as  $400 
to  $800  an  acre  (10).     Similar  high  prices  have  been  received  for  the 

11  The  prices  given  in  this  section  apply  more  particularly  to  the  period  1925-1929, 

12  Acknowledgment  of  indebtedness  is  made  to  Eloise  Gerry,  microscopist,  and  Q.  E.  Heck,  engineer  in 
forest  products,  Forest  Products  Laboratory,  for  their  contributions  to  this  part  of  the  bulletin. 
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better  stands  of  this  species  in  eastern  Virginia  and  North  Carolina. 
The  value  of  the  bare  land  alone  has  usually  been  placed  at  not  over 
$10  an  acre.  In  Southern  New  England  prices  for  standing  trees 
suitable  for  boat  boards  12  inches  and  more  in  diameter  are  about  $6 
a  cord,  and  logs  at  the  mill  bring  about  $16  a  cord.  In  Virginia  and 
North  Carolina  the  usual  price  of  cedar  stumpage  has  been  $8  to  $10 
a  thousand  board  feet  for  the  past  several  years.  Cedar  8  inches  in 
diameter  and  less,  suitable  for  posts  and  rustic  poles,  brings  about  $2 
a  cord.  Because  of  the  intrinsic  value  of  the  wood  and  its  growing 
scarcity  these  prices  for  southern  white  cedar  seem  likely  to  increase. 
The  cut  varies  greatly  from  year  to  year,  depending  largely  on  the 
market.  The  total  in  any  one  year  must  be  estimated  from  records 
for  lumber,  shingles,  lath,  woodenware,  poles,  posts,  and  stakes  of 
various  kinds.  Totals  for  some  of  these  uses  are  not  adequateh' 
reported,  and  for  those  classes  for  which  reports  are  available  the 
quantities  are  often  combined  with  data  for  other  species  of  cedar. 
Census  reports  combine  all  the  species  of  cedar  in  one  group.  Also, 
southern  white  cedar  is  largely  cut  by  small  mills,  many  of  which  the 
census  does  not  include.  So  far  as  possible  these  difficulties  were 
overcome  in  the  computation  of  Table  9,  where  total  cut  for  the  entire 
commercial  range,  divided  into  four  fairly  distinct  regions,  is  expressed 
both  in  terms  of  cubic  content  of  the  logs  and  in  number  of  board  feet 
of  lumber  that  could  be  sawed  from  the  logs.  The  board-foot  esti- 
mate excludes  all  the  material  that  is  too  small  for  the  manufacture 
of  lumber. 

Table  9. — Estimated  total  cut  of  southern  white  cedar,  in  lumber  equivalent  and 
cubic  volume,  by  regions  and  principal  uses 


Southern  New- 
England 

New  Jersey- 

Virginia  and 
North  Carolina 

Area  south  of 
North  Carolina 

Total  cut 

Product 

Lum- 
ber 
equiv- 
alent 

Cubic 
volume 

Lum- 
ber 
equiv- 
alent 

Cubic 
volume 

Lum- 
ber 
equiv- 
alent 

Cubic 
volume 

Lum- 
ber 
equiv- 
alent 

Cubic 
volume 

Lum- 
ber 
equiv- 
alent 

Cubic 
volume 

Lumber  i 

Shingles  2 

Woodenware... 
Poles  < 

M 
bd.ft. 
650 
(') 
0 

0) 

M 
cu.ft. 
93 

M 

"■& 

1,170 
0 

M 
cu.ft. 
100 
390 
0 
(3) 

M 

3,*506 

1,530 

5,000 

700 

M 

cu.ft. 
500 
510 
714 
130 

M 
2,300 

M 

0 
440 

M 

5,*006 
2,700 
5,000 
3,000 

M 

cu.ft. 
714 
GOO 
714 
570 

Total 

650 

93 

1,870 

490 

10,  730 

1,854 

2,450 

461 

15,  700           2, 898 

1  Cubic  volume  based  on  7  board  feet  to  each  cubic  foot. 

2  An  annual  shingle  production  of  30,000,000  and  a  general  average  of  3,000  shingles  per  cord  gives  10,000 
cords  of  shingle  bolts,  equivalent  to  900,000  cubic  feet.  Probably  one-half  of  these  bolts  are  too  small  for 
lumber  manufacture  and  the  balance  would  yield  on  the  average  about  6  board  feet  of  lumber  to  each  cubic 
foot.    This  gives  an  equivalent  of  2,700,000  board  feet. 

3  Negligible;  no  data  available. 

*  The  lumber  equivalent  for  the  30,000  southern  white  cedar  poles  cut  probably  averages  about  100  board 
feet  per  pole;  the  cubic  volume  is  assumed  to  be  19  cubic  feet  per  pole 

Lumber  reported  as  "  cedar '^  from  the  locaHties  kno^vTi  to  produce 
little  or  nothing  except  southern  white  cedar  was  segregated,  and  to 
this,  as  a  basis  for  computation,  data  on  the  cut  of  a  large  number 
of  plants  too  small  to  be  included  in  census  statistics  were  added. 
Census  statistics  on  shingle  production  do  not  distinguish  between 
the  various  kinds  of  wood.  Practically  the  same  procedure  was 
followed,  therefore,  as  for  lumber.  Figures  on  lath  were  not  obtained, 
as  lath  is  sawed  largely  from  waste  and  small  timber,  and  the  total 
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is  small.  Data  on  the  production  of  woodenware  and  similar  prod- 
ucts cut  directly  from  the  log  and  not  from  lumber  were  taken  from 
statistics  collected  by  the  Forest  Service  on  quantities  of  different 
kinds  of  wood  used  in  manufacture  in  1928  and  were  checked  by 
field  data.  Bureau  of  the  Census  statistics  were  employed  in  esti- 
mating consumption  of  southern  white  cedar  poles  by  railroads  and 
electric-light,  telephone,  and  telegraph  companies.  Statistics  on 
the  production  of  fence  posts  and  smaller  products,  such  as  shade- 
tree  stakes  and  bean  poles,  are  unobtainable,  although  these  products 
are  important  in  some  sections. 

In  New  Jersey  and  southern  New  England,  where  the  stands  are 
comparatively  small  and  scattered  and  the  trees  are  generally  small, 
there  is  a  very  active  local  demand  for  cedar  products  such  as  shingles, 
lath,  siding,  porch  lumber,  and  other  building  material.  Boat  boards 
made  on  special  order  are  sawed  from  the  largest  logs.  A  few  posts 
and  telephone  poles  are  also  cut.  Large  quantities  of  rustic  poles, 
shade- tree  stakes,  bean  poles,  and  other  products  are  produced  from 
small  trees.  Sawmills  cutting  cedar  in  this  region  are  small  and 
generally  scattered  throughout  the  cedar-swamp  areas.  Many  of 
these  mills  are  portable  and  are  operated  by  gasoline  engines  so  that 
they  can  be  moved  more  readily  from  place  to  place  as  the  mer- 
chantable timber  becomes  exhausted. 

In  Virginia  and  North  Carolina,  where  the  timber  is  larger  and 
more  plentiful  and  the  stands  are  usually  extensive,  a  few  large  mills 
cut  much  of  the  cedar  lumber  produced.  Comparatively  large 
quantities  of  shingles  are  produced  here,  as  well  as  many  telegraph, 
telephone,  and  electric-light  poles. 

Farther  south  in  the  Atlantic  and  Gulf  coastal  region  there  is  a 
greater  demand  for  cedar  poles,  for  which  southern  white  cedar  is 
utilized  almost  exclusively.  The  butts  of  large  trees  are  occasionally 
converted  into  shingles,  but  it  is  generally  found  more  profitable  to 
utilize  the  entire  tree  for  poles  whenever  possible. 

Keen  competition  for  raw  material  occurs  between  some  of  the 
cedar  industries.  The  pole  industry,  for  example,  competes  with  the 
manufacture  of  lumber  and  shingles,  although  both  products  are 
made  from  material  much  of  which  is  too  small  or  otherwise  unsuited 
for  pole  stock.  This  competition  exists  mainly  in  North  Carolina, 
w^here  there  is  considerable  large-sized  cedar  suitable  for  several 
different  kinds  of  products.  The  lumber  and  shingle  industries  also 
compete,  although  much  timber  used  for  shingles  is  too  small  for 
lumber  manufacture.  In  some  mills  shingles  only  are  produced,  and 
material  too  small  for  shingle  manufacture  is  cut  into  lath. 

PHYSICAL  CHARACTERISTICS 

STRUCTURE " 

The  wood  of  southern  white  cedar  is  classed  as  a  softwood  both 
because  of  its  actual  softness  and  because  it  has  the  structural 
characteristics  of  the  softwood  group,  that  is,  the  wood  lacks  the 
pores  or  vessels,  the  relatively  large  sap-conducting  cells,  which  are 
characteristic  of  the  hardwoods,  and  it  is  in  this  sense  termed  a  non- 
porous  wood.  The  structure  is  illustrated  in  Plate  3,  A  and  B,  by 
photographs  of  thin  sections  of  the  wood  as  they  appear  under  the 
microscope. 

w  Prepared  by  Eloise  Gerry,  microscopist,  Forest  Products  Laboratory. 
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The  wood  of  southern  white  cedar  is  light,  soft,  comparatively 
weak,  fine  textured,  and  usually  has  an  even,  straight  grain.  It  has 
a  slightly  spicy,  aromatic  fragrance  when  freshly  cut.  When  a 
smoothly  cut  cross  section  is  examined  it  is  possible  to  see  with  the 
aid  of  a  magnifying  glass — or  even  sometimes  without  one — concen- 
tric rings  of  resin  cells  such  as  are  shown  at  r  c,  Plate  3,  A  and  B. 
It  is  largely  the  volatile  material  contained  in  these  resin  cells  which 
gives  the  wood  its  characteristic  odor. 

The  heartwood  is  light  brown  tinged  with  red  or  pink.  It  is  more 
pinkish  in  hue  than  the  wood  of  northern  white  cedar  or  arborvitae 
{Thuja  occidentalis).  The  sap  wood  is  lighter  in  color  (whitish)  than 
the  heartwood. 

The  growth  rings  (pi.  3,  A,  a  r)  are  moderately  wide,  considerably 
wider  on  an  average  than  those  in  northern  white  cedar.  The 
summer  wood  (pi.  3,  A,  sm)  is  thin  and  appears  as  fairly  conspicuous 
dark  lines  bounding  the  growth  zones.  The  spring  wood,  (pi.  3, 
A,  sp)  with  its  larger,  thin-walled  cells,  makes  up  the  greater  portion 
of  each  year's  growth. 

The  rays  (pi.  3,  A  and  B,  r)  which  conduct  food  materials  from 
the  inner  bark  into  the  wood,  are  very  numerous  and  fine,  being  only 
one  cell  wide  in  this  species.  Kesinous  material  is  often  stored  in  the 
ray  cells  as  well  as  in  the  vertical  resin  cells.  This  material  is  shown 
as  dark  areas  in  the  rays  in  Plate  4. 

So-called  resin  ducts  or  relatively  large  intercellular  spaces  con- 
taining oleoresin,  such  as  are  found  in  the  pines,  are  lacking  in  the 
southern  white  cedar. 

The  fibers  or  tracheids  (pi.  3,  A  and  B,  /)  which  make  up  the 
greater  part  of  the  wood  are  relatively  long,  narrow  cells  with  some- 
what pointed,  closed  ends.  The  water  and  mineral  matter  from  the 
soil  pass  up  through  the  sapwood  tracheids  to  the  leaves.  The  man- 
ner in  which  these  cells  are  spliced  together  is  shown  at  x,  Plate  4, 
A  and  B.  The  path  of  the  sap  from  cell  to  ceU  is  through  pits  or  thin 
areas  in  the  cell  wall.  These  are  shown  at  bp  in  Plate  4,  A.  These 
so-called  bordered  pits  act  as  minute  valves  in  the  cell  walls.  In 
the  softwoods,  such  as  cedar,  the  fibers  or  tracheids  serve  two  pur- 
poses, namely,  sap  conduction  and  mechanical  support.  In  the 
hardwoods,  on  the  other  hand,  there  is  a  division  of  labor,  and  the 
pores  or  larger  cells  with  open  ends  are  especially  adapted  for  sap 
conduction  and  the  fibers  for  mechanical  support. 

PHYSICAL  AND  MECHANICAL  PROPERTIES  " 

Woods  are  classified  by  the  Forest  Products  Laboratory  into  10 
grades,  according  to  their  physical  and  mechanical  properties.  For 
example,  for  one  property,  as  strength  of  a  beam  or  post,  a  species  is 
described  by  one  of  the  following  terms:  (1)  Extremely  strong, 
(2)  exceedingly  strong,  (3)  very  strong,  (4)  strong,  (5)  moderately 
strong,  (6)  moderately  weak,  (7)  weak,  (8)  very  weak,  (9)  exceed- 
ingly weak,  and  (10)  extremely  weak.  According  to  this  system  of 
grading,  southern  white  cedar  is  classified  as  light  in  weight,  very 
weak  in  strength  as  a  beam  or  post,  moderately  soft,  low  in  shock- 
resisting  ability,  limber,  and  small  in  shrinkage. 

"  Prepared  by  G.  E.  Heck,  engineer,  Forest  Products  Laboratory. 
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Table  10  gives  comparative  strength  values  and  descriptive  terms 
for  southern  white  cedar  and  a  few  other  species  generally  used  for 
similar  purposes.  These  comparative  values  were  determined  from 
a  large  number  of  tests  on  each  species  and  are  a  combination  of 
several  kinds  of  tests.  Each  of  the  comparative  values  given  in  the 
table  is  a  weighted  average  of  several  values  derived  from  different 
kinds  of  strength  tests.  For  instance,  strength  as  a  beam  or  post  is  a 
combination  of  values  derived  from  tests  in  static  bending,  impact 
bending,  and  compression  parallel  to  grain. 

Compared  on  the  basis  of  the  grouping  in  Table  10,  southern  and 
northern  white  cedar  are  about  equal  in  weight,  shock-resisting 
ability,  and  shrinkage.  Southern  white  cedar  has  about  10  per  cent 
greater  strength  as  a  beam  or  post,  is  about  17  per  cent  harder, 
and  has  19  per  cent  greater  stiffness  than  northern  white  cedar.  It 
is  lower  in  all  its  properties  than  chestnut,  but  in  comparison  with 
western  red  cedar  has  about  the  same  weight,  hardness,  and  shock- 
resisting  ability,  18  per  cent  less  strength  as  a  beam  or  post,  17  per 
cent  less  stiffness,  and  9  per  cent  more  shrinkage. 

The  wood  is  usually  straight  grained,  splits  very  easily,  and  is 
readily  worked  with  ordinary  woodworking  appliances. 

Table  11  gives  average  strength  values  for  green  and  air-seasoned 
southern  white  cedar,  which  are  comparable  to  data  on  other  species 
given  by  Newlin  and  Wilson  {6). 

Table  11. — Average  physical  and  mechanical  properties  of  green  and  air-seasoned 
southern  white  cedar,  based  on  tests  of  small,  clear  specimens  2  hy  2  inches  in 
cross  section 


Physical  or  mechanical  property 


Green 


Air-dry 


Trees,  basis number- 
Rings  per  inch... do... 

Moisture  content per  cent. 

Specific  gravity  based  on  oven-dry  weight: 

Volume  as  tested 

Volume  when  oven  dry 

Shrinkage  from  green  to  oven-dry  condition; 

In  volume  (percentage  of  dimensions  when  green) per  cent- 
Radial  (percentage  of  dimensions  when  green) do... 

Tangential  (percentage  of  dimensions  when  green) do.-- 

Static  bending: 

Fiber  stress  at  elastic  limit pounds  per  square  inch- 
Modulus  of  rupture do... 

Modulus  of  elasticity -.1,000  pounds  per  square  inch. 

Work  in  bending: 

To  elastic  limit inch-pounds  per  cubic  inch. 

To  maximum  load do... 

Impact  bending: 

Fiber  stress  at  elastic  limit pounds  per  square  inch. 

Work  in  bending  to  elastic  limit.. inch-pounds  pw  cubic  inch- 
Height  of  drop  causing  complete  failure,  50-pound  hammer... inches. 

Compression  parallel  to  grain: 

Fiber  stress  at  elastic  limit pounds  per  square  inch. 

Maximum  crushing  strength do... 

Compression  perpendicular  to  grain:  Fiber  stress  at  elastic  limit do... 

Shearing  strength  parallel  to  grain do..- 

Tension  perpendicular  to  grain do... 

Hardness,  load  required  to  embed  a  0.444-inch  ball  to  one-half  its  diameter: 

End pounds- 

Side dc- 


10 
16 
35 

.31 
.35 

8.4 
2.8 
5.2 

2,500 

4,700 

750 

.51 
5.9 

6,000 
2.1 
18 

1,700 
2,390 

300 

690 

180 

400 
290 


.32 


1.34 
4.1 


7,400 
2. 
14 

2,940 

4,520 

580 

800 

230 

530 
350 


DURABILITY  i» 


Southern  white  cedar  is  very  durable  when  used  in  contact  with  the 
soil  or  under  other  conditions  favorable  to  decay.  In  this  respect  it 
compares  favorably  with  dense  southern  yellow  pine,  dense  Douglas 
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fir,  white  pine,  tamarack,  and  white  oak.  It  is  considered  more 
durable  than  hemlock,  the  spruces,  yellow  poplar,  loblolly  pine, 
lodgepole  pine,  gum  (sweet,  black,  and  tupelo),  the  true  firs,  and 
basswood;  it  is  probably  somewhat  less  durable  than  southern  cypress, 
redwood,  chestnut,  and  most  of  the  other  cedars.  Individual  timbers 
of  the  same  species  may  differ  considerably  in  their  durability,  accord- 
ing to  the  amount  of  heartwood  and  sapwood  they  contain  and  their 
condition  when  placed  in  service.  The  heartwood  is  so  durable  that 
logs  buried  deep  in  the  swamps  for  50  years  or  longer  furnish  excellent 
lumber.  More  than  a  quarter  century  ago  the  mining  of  southern 
white  cedar  logs  buried  in  the  swamps  was  a  profitable  industry  in 

New  Jersev. 

UTILIZATION 

LUMBER 

As  already  stated,  southern  white  cedar  lumber  is  manufactured 
under  a  variety  of  conditions,  usually  by  small  miUs.  Although  there 
are  no  commonly  accepted  grades  for  logs,  two  classes  sometimes 
are  specified:  No.  1,  whjch  allows  small  knots  only;  and  No.  2,  which 
is  low  grade  and  contains  many  defects.  Southern  white  cedar  lumber 
is  characterized  by  many  defects,  particularly  knots  and  wind-shakes. 
Log-run  lumber  (mill  culls  out)  brings  about  $50  a  thousand  board 
feet  wholesale. 

The  most  important  sawmiU  products  are  planing-mill  products  and 
millwork,  tank  stock,  and  boat  boards.  Some  boxes  and  crates  and 
fencing,  including  fence  pickets,  are  also  made. 

The  annual  cut  of  5,000,000  feet  of  southern  white  cedar  lumber  is 
utilized  about  as  follows: 

Thousand 
board  feet 

Planing-mill  products  and  millwork 3,  700 

Tanks 600 

Boat  boards 500 

Boxes  and  crates 100 

Fencing 100 

Total 5,000 

Siding  is  often  in  good  local  demand  and  forms  an  important  prod- 
uct sawed  from  southern  white  cedar  logs.  Three  grades  are  usually 
specified — No.  1,  No.  2,  and  No.  3,  or  cull.  No.  1  is  designated  as 
sound  and  permits  small,  sound  Imots;  No.  2  has  somewhat  larger 
knots  and  some  wane;  No.  3,  or  cull,  is  very  defective.  No.  1  grade 
brings  $50  to  $60  a  thousand  feet  at  the  mill  for  boards  6  inches  wide; 
No.  2  grade,  6  inches  wide,  sells  for  about  $30  at  the  mill;  and  the 
cull  commands  about  $18.  Stock  5  inches  wide  is  generally  priced  $5 
to  $10  less  a  thousand  feet  than  6-inch  material,  and  4-inch  widths 
bring  proportionately  less.  Prices  for  siding  dehvered  are  about  $10 
a  thousand  more  than  at  the  miU.  Other  kinds  of  finish,  such  as 
general  millwork  and  material  for  porches,  are  produced  in  consider- 
able quantities.  Porch  lumber  is  sound,  tight-knotted  stock  and  is 
sold  for  about  $70  a  thousand  feet  for  5  and  6  inch  widths.  It  may 
sometimes  be  purchased  for  as  low  as  $60  at  the  saw^mill. 

Flooriug  is  sometimes  manufactiu-ed  of  southern  white  cedar.  This 
stock  usually  measures  1  by  6  inches  by  8  feet  and  is  surfaced  on  only 
one  side.  Small,  tight  knots  up  to  three-fourths  inch  in  diameter  are 
allowed.  A  good  grade  of  flooring  may  sell  for  as  much  as  $100  a 
thousand  board  feet. 
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Considerable  quantities  of  southern  white  cedar  are  used  in  the 
manufacture  of  water  tanks,  because  of  the  lightness  and  durability 
of  the  wood.  Tank  stock  is  IK  to  4  inches  thick — usually  2,  2}^,  and 
3  inches — and  is  produced  from  large-sized  timber.  Tank  stock  must 
be  water-tight,  but  there  is  no  objection  to  sound  knots.  It  brings 
about  $60  or  $65  a  thousand  board  feet. 

Boat  boards  are  manufactured  as  round-edge  lumber  and  are  sawed 
with  the  ''sweep"  of  the  log,  so  that  the  boards  are  curved  and  can 
thus  be  adapted  to  any  desired  form  for  small  boats.  They  must 
usually  be  at  least  6  inches  wide  at  the  narrow  end,  and  usual  thick- 
nesses are  4/4,  5/4,  and  6/4  inch;  in  southern  New  England,  however, 
5/8  of  an  inch  is  a  common  thickness.  In  North  Carolina  there  are 
generally  two  grades  of  boat  boards:  No.  1,  called  clear  stock,  permits 
as  many  as  three  tight  knots  1%  inches  in  diameter  in  a  16-foot  board ; 
No.  2,  called  knotted  stock,  permits  any  number  of  sound,  tight  knots 
but  no  other  defects.  The  knots  must  not  be  so  large  as  to  impair  the 
strength  of  the  board.  Loose  and  unsound  knots  must  run  at  right 
angles  to  the  surface  of  the  board  so  that  they  can  be  bored  out  and 
plugged.  In  New  England  and  New  Jersey,  boat  boards  are  sawed 
by  small  mills,  generally  on  special  order  only.  They  are  the  highest 
class  of  stock,  and  there  is  but  one  commonly  accepted  grade,  in 
which  only  small  tight  knots  are  permitted.  This  grade  usually 
brings  about  $100  a  thousand  board  feet  but  sometimes  sells  for  as 
low  as  $80  a  thousand.  Stock  of  more  than  usual  width  and  length 
may  bring  considerably  more.  No.  2  grade,  where  accepted,  generally 
sells  for  about  $70.  Decking  for  boats  is  sound,  tight-knotted  stock. 
It  is  1  to  2  inches  thick  and  sells  for  about  $60  a  thousand  board  feet. 

Southern  white  cedar  is  valuable  for  the  construction  of  small  boats. 
During  the  World  War  2,500,000  board  feet  of  ''white  cedar,"  prob- 
ably all  of  which  was  of  this  species,  was  used  by  the  United  States 
Navy  in  boat  building. 

On  account  of  its  light  weight,  involving  low  transportation  costs, 
cedar  lumber  is  also  in  demand  for  boxes  and  crates,  especially  in 
localities  where  vegetables  and  small  fruits  are  grown  in  large  quan- 
tities. Such  fruit  and  vegetable  crates  are  built  up  of  narrow  strips 
or  slats,  and  thus  small  and  defective  cedar  timber  can  be  used  to 
advantage  in  their  manufacture.  Crate  slats  are  mostly  about  16 
inches  long  and  bring  about  $2.75  for  100  pieces.  The  price  paid  for 
the  crates,  however,  varies  greatly  from  year  to  year,  depending  on 
the  condition  of  the  crops  and  the  available  supplies  of  other  crate 
material. 

Southern  w^hite  cedar  is  used  in  a  small  way  for  fencing.  In  the  form 
of  boards  it  is  usually  sold  as  No.  1  fencing.  This  is  low-grade  stock, 
equivalent  to  the  No.  2  common  grade  of  ordinary  lumber,  and  sells 
for  about  $30  a  thousand  board  feet.  Pickets  for  woven-wire  fencing, 
made  from  waste  in  lath  manufacture,  are  one-half  inch  thick,  2 
inches  wide,  and  4  feet  long,  and  generally  sell  for  $12  to  $15  a 
thousand  pieces. 

Other  occasional  uses  for  southern  white  cedar  lumber  include 
ferry  decking,  pattern  stock  for  foundries,  and  the  manufacture  of 
coffins  and  caskets.  Lumber  2  inches  thick  is  sometimes  used  in  the 
manufacture  of  built-up  decoys. 
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SfflNGLES 

For  shingles,  light  weight  and  durability  are  the  qualities  which 
give  southern  white  cedar  a  comparatively  high  value.  Bolts  for  the 
manufacture  of  shingles  should  be  at  least  4^  inches  in  diameter  at 
the  small  end.  The  length  of  bolt  varies  with  the  length  of  the 
finished  shingle.  In  North  Carolina,  where  the  usual  shingle  length 
is  20  inches,  bolts  are  5  feet  2  inches  in  length.  (Fig.  14.)  Bolts  5K 
inches  and  more  in  diameter  are  slabbed  on  two  opposite  sides ;  those 
under  5}^  inches  on  only  one  side.  They  are  then  sawed  off  square  at 
the  ends  and  cut  into  three  lengths  of  20  inches  each.  These  short 
lengths  go  to  the  shingle  saw,  after  which  the  round-edge  shingles 
are  squared  by  sawing.  They  are  packed  in  bundles  of  50,  25  on  each 
side.  Other  common  shingle  lengths  are  18  and  24  inches,  and  less 
common  lengths  are  16  and  22  inches.  Shingle  widths  are  3%,  4, 
5,  and  6  inches. 

Table  12  gives  the  yield  of  southern  white  cedar  shingles  from 
bolts  of  different  sizes.  The  output  of  shingles  per  cord  of  logs  varies 
at  different  mills,  depending  on  the  size  of  shingles  and  method  of 
utilization.  In  New  Jersey,  where  the  4  by  24  iach  shingle  is  con- 
sidered the  standard  size,  a  yield  of  2,200  to  2,500  shingles  per  cord 
of  128  cubic  feet  is  reported.  For  different-sized  shingles  the  yield 
is  as  foUows:  4  by  16,  3,700  to  3,800;  4  by  18,  3,500;  4  by  24,  2,300. 

Table  12. — Number   of   shingles    obtained  from   southern    white   cedar    bolts    of 


Top  diameter  of 

bolt  mside  bark 

(inches) 

Size  of  shingles 
(inches) 

Average 
number 

of 
shingles 
sawed 

Top  diameter  of 

bolt  inside  bark 

(inches) 

Size  of  shingles 
(inches) 

Average 
nimiber 

of 
shingles 
sawed 

4M  to45^ - 

4  by  24 

9 

10 
11 
12 

5J^  to6 

5  by  20 

14 

iH  to  5 

4  by  24 

6  to  6H 

5  by  20 

15 

5  to6K 

4  by  24 

61^  to  7 

5  by  20 

16 

5H  to  5}4 

4  by  24 

•  Data  supplied  by  W.  M.  Baker,  former  associate  State  forester  of  New  Jersey. 

In  North  Carolina  a  general  average  of  3,000  shingles  20  inches 
long  in  all  widths  from  3%  to  6  inches  is  obtained  from  each  cord  of 
logs  and  bolts.  The  number  of  cubic  feet  per  1,000  shingles  has 
been  calculated  as  follows  for  different  sizes:  3%  by  20  inch,  12.75; 
4  by  20  inch,  15;  5  by  20  inch,  19;  6  by  20  inch,  22.6.  The  4-inch 
and  5-uich  widths  are  most  common,  and  each  cord  must  therefore 
produce  45  to  57  cubic  feet  of  shingles.  Since  each  cord  contains 
between  80  and  90  cubic  feet  of  soHd  wood,  the  waste,  including  saw 
kerf,  amounts  to  30  to  50  per  cent.  Some  of  this  waste  in  the  form 
of  slabs  is  utilized  in  the  manufacture  of  lath. 

Grades  and  specifications  for  southern  white  cedar  shingles  vary 
greatly  in  different  regions.  In  the  North  the  grades  are  generally 
designated  a  No.  1,  No.  2,  and  No.  3,  or  cuU.  The  No.  1  grade  is 
practically  all  heartwood  and  sound,  only  small  tight  knots  being 
accepted;  No.  2  is  sound  and  allows  sapwood;  No.  3,  or  cull,  is  defec- 
tive and  allows  wane  or  bark  on  the  edges. 

In  the  North  Carolina  region  the  common  grades  in  use  are  as 
follows:  No.  1,  A,  Star,  No.  2,  and  cuU.  No.  1  is  a  heart  grade  and 
permits  one  sound  knot  in  the  ''point''  of  the  shingle  only.  The  A 
52799°— 31 4 
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grade  is  clear  of  defects  and  allows  sapwood.  The  Star  grade  allows 
small  sound  knots  and  sapwood.  No.  2  allows  larger  knots,  and 
cull  permits  many  defects,  including  wane.  Singles  3%  inches  wide 
are  not  separated  into  grades  but  are  sold  as  ''log  run"  at  about  $4.50 
a  thousand.  The  prices  of  the  different  grades  and  sizes  vary  greatly, 
as  shown  in  Table  13. 

Table  13. — Prices  per  thousand  for  20-inch  shingles  f.  o.  b.  cars  in  carload  lots, 

North  Carolina 


Width  (inches) 

No.  1 

A 

Star 

No.  2 

Cull 

4 

$9.00 
12.00 
18.00 

$7.50 
10.00 
14.00 

$7.00 
9.00 
13.00 

$6.00 
8.00 
9.50 

$2  50 

5. 

3  00 

6 

3  50 

An  average  cedar-shingle  mill  in  New  Jersey  will  saw  about  10,000 
to  12,000  shingles  a  day,  or  1,500,000  a  year.  Some  mills  find  it 
more  advantageous  to  use  gasoline  power.  A  mill  operated  by  a 
gasoline  engine  will  cost  about  $3,000,  as  compared  to  $5,000  for  a 
steam  mill.  The  steam  mill  uses  waste  for  fuel  but  is  so  much  more 
difficult  to  move  that  for  less  than  a  10-year  operation  the  gasoline 
plant  is  considered  more  practical. 

Another  North  Carolina  schedule  of  prices  and  grades,  specifying 
4  by  18  inch  shingles,  in  dollars  per  thousand  at  the  mill,  is  as  follows: 

No.  1  (heart  clear) $5.  25 

No.  2  (heart  knotty) 4.  25 

No.  3  (sap  clear  and  knotty) 3.  25 

The  New  Jersey  wholesale  prices  per  thousand  at  the  mill  for  20-inch 
shingles  4  inches  wide  are  as  follows : 

No.  1  (clear,  all  heart) $10-$12 

No.  2  (clear,  sap) $8-$10 

Cull  (bark  edges,  and  other  defects) About  $4 

Prices  delivered  usually  range  from  50  cents  to  $2  higher,  depending 
largely  on  the  distance  to  which  the  mills  deliver.  Some  mills  cut 
24-inch  shingles.  These  sell  for  as  much  as  $18  for  No.  1,  $12  for 
No.  2,  and  $5  for  cull  at  the  mill.  Some  mills  dispose  of  their 
product  entirely  at  the  plant  and  avoid  the  expense  of  hauling  and 
loading  on  cars. 

The  best  grade  of  16-inch  shingles  in  southern  New  England 
brings  $6  or  $7  a  thousand. 

Some  mills  find  it  profitable  to  edge  their  cull  shingles,  which  raises 
the  grade  but  produces  a  narrower  shingle.  One  man  can  edge  about 
5,000  shingles  a  day. 

LATH 

Southern  white  cedar  is  suitable  for  lath  because  it  can  be  nailed 
easily  and  is  not  likely  to  warp.  Lath  is  sawed  from  slabs  and  material 
too  small  for  shingle  manufacture.  Lath  bolts  or  "rails"  are  used 
down  to  a  top  diameter  of  2  or  2 K  inches.  They  are  12  feet  long  and 
are  sawed  twice  into  4-foot  lengths.  Two  grades  of  lath  are  usually 
specified:  No.  1,  which  is  sound,  square  edged,  and  free  from  any 
knots  that  impair  the  strength,  and  No.  2,  or  cull,  which  has  many 
defects,  including  knots,  knot  holes,  bark,  and  wane. 
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Manufacturers  report  a  yield  of  about  2,200  lath  to  each  cord  of 
lath  rails.  On  the  basis  of  70  cubic  feet  of  solid  wood  to  the  cord,  this 
gives  about  50  per  cent  waste  in  the  manufacture  of  lath.  Table  14 
shows  the  number  of  lath  sawed  from  bolts  of  different  sizes. 

Table  14. — Lath  obtained  from  southern  white  cedar  bolts  of  different  sizes  ^ 


Top  diameter  of  bolt  (inches) 

Lath  cut 

Top  diameter  of  bolt  (inches) 

Lath  cut 

Range 

Average 

Range 

Average 

2  to  2}4 

Number 
2-4 
2-5 
4-7 
5-10 
5-10 

Number 
3 

4 
5 

7 
8 

3K  to  33^. 

Number 
5-12 
7-14 
8-16 
14-23 

Number 
9 

2%  to  23^ 

3Hto3^ 

11 

23^  to  2^ 

3^  to  4 

12 

2%  to  3 

4to4J^.- 

17 

3to3H. 

Data  supplied  by  W.  M.  Baker,  former  associate  State  forester  of  New  Jersey. 


The  price  for  No.  1  runs  from  $5  to 
f.  o.  b.  cars,  and  of  No.  2  from  $2  to  $4. 
$1  or  $2  a  thousand  higher. 


8  a  thousand  at  the  mill  or 
DeKvered  prices  are  usually 


WOODENWARE 

Use  of  southern  white  cedar  for  woodenware  is  confined  mainly 
to  the  manufacture  of  tubs  and  pails  of  various  kinds.  Logs  for 
this  purpose  are  generally  cut  in  6  to  8  foot  lengths.  The  stock  is 
usually  manufactured  du"ectly  from  the  log  because  more  can  be 
got  out  of  the  log  than  from  the  lumber.  Hollow  logs  and  logs  with 
decayed  centers,  which  would  yield  practically  no  lumber,  may  cut  a 
considerable  quantity  of  tub  or  pail  stock.  Logs  are  sawed  into  short 
bolts  from  which  staves  are  cut  by  a  cyhndrical  stave  saw,  and 
bottom  pieces  are  cut  from  liunber  sawed  from  similar  bolts.  The 
staves  are  given  a  sHght  tongue  and  groove  along  the  sides  and  are 
grooved  on  the  inside  near  the  lower  edge  to  receive  the  bottom. 
For  ice-cream  packing  tubs,  which  must  be  Hght  in  weight  and  durable, 
large  quantities  of  southern  white  cedar  are  used.  To  withstand 
rough  handhng  these  tubs  are  made  with  a  double  bottom,  the  lower 
piece  flush  with  the  lower  end  of  the  staves.  Common  washtubs, 
tubs  for  washing  machines,  and  chums  and  pails  are  also  made  of 
this  wood. 

POLES,  SHORES,  AND  SPARS 

Southern  white  cedar  is  in  great  demand  for  poles  (mainly  tele- 
phone and  electric  light)  because  the  timber  is  straight,  tapers  slowly, 
is  free  of  hmbs  for  the  greater  part  of  its  length,  and  is  Hght  in  weight 
and  durable.  Since  it  is  not  so  strong  as  many  other  pole  woods, 
such  as  longleaf  pine  and  chestnut,  it  is  not  so  suitable  for  long 
poles  where  sleet  storms  are  prevalent,  particularly  where  the  poles 
must  carry  a  large  number  of  wires.  The  southeastern  limit  of  the 
sleet  region  coincides  roughly  with  the  main  Hne  of  the  Southern 
Kailway  running  southwest  from  Washington,  D.  C,  to  Atlanta, 
Ga.,  and  marks  the  northern  limits  of  the  more  general  use  of  southern 
white  cedar  for  poles.  There  is,  however,  an  appreciable  demand 
for  southern  white,  cedar  poles  in  the  North  even  as  far  as  the  Great 
Lakes  region,  where  northern  white  cedar  pole  timber  has  become 
scarce.  They  are  purchased  principally  by  the  smaller  municipali- 
ties for  carrjdng  electric-light  wires. 
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A  large  number  of  southern  white  cedar  pole  operations  are  found 
in  the  South  Atlantic  States.  After  the  trees  are  felled,  trimmed, 
and  peeled,  they  are  pulled  out  of  the  swamps  to  higher  ground  and 
loaded  on  wagons  or  trucks.  Stumpage  is  bought  by  the  linear  foot, 
the  rate  depending  on  the  length  of  pole.  The  rate  generally  runs 
about  as  follows : 

Price 
Length  in  feet  per  linear  foot 

25 2  cents. 

30  to  35 Scents. 

40  to  50 4  cents. 

60  to  65 5/2  cents. 

The  average  price  paid  for  felling,  trimming,  and  peeling  is  about 
IK  cents  a  Hnear  foot.  The  cost,  in  the  woods,  of  the  average-sized 
pole  (35  feet  long  to  a  7-inch  top)  is  therefore  about  $1.60.  Its 
cost  at  the  loading  point  is  about  $4.50.  It  is  sold  to  the  wholesaler 
or  jobber  for  about  $7.50.  The  freight  on  this  pole  at  a  42-cent  rate, 
which  is  a  representative  rate  to  points  in  Ohio,  Indiana,  and  Illinois, 
amounts  to  about  $2.50,  making  the  total  cost  to  the  northern  whole- 
saler about  $10.     The  pole  would  retail  for  about  $15. 

The  larger  pole  producers  frequently  purchase  poles  from  small 
operators.  Table  15  gives  representative  prices  paid  for  different- 
sized  poles  loaded  on  cars.  These  prices  represent  an  average  in- 
crease of  about  40  per  cent  from  1920  to  1925. 


Table  15. 


-Average  prices  paid  by  large  pole  producers  for  southern  white  cedar 
poles  loaded  on  cars,  1926  ^ 


Length 

(feet) 

Top 
diam- 
eter 

Circumfer- 
ence 6  feet 
from  base 

Price 

Length 
(feet) 

Top 
diam- 
eter 

Circumfer- 
ence 6  feet 
from  base 

Price 

26^ 

Inches 
6 

7 
7 
6 

7 
6 

7 

Inches 

28 
28 
31 
31 
34 
34 
37 

Dollars 
1.40 
1.90 
2.40 
2.60 
3.60 
3.90 
4.90 

35- 

Inches 

8 
7 

7 
7 
7 
7 

Inches 
40 
42 
44 

48 
52 

57 

Dollars 
5.70 

25 

40 ---. 

6.40 

25 

45 

7.40 

30 

50 

8.50 

30 -- 

55 

9.90 

35 

60 

12.60 

35 

1  10  per  cent  less  is  paid  for  poles  alongside  cars  ready  for  loading. 


Freight  costs  on  poles  vary  greatly  with  the  size  of  pole  and  distance 
shipped.  For  instance,  at  a  25-cent  freight  rate  the  cost  of  shipping 
a  6-inch  25-foot  pole  is  63  cents,  and  at  a  50-cent  rate  the  freight  on  a 
60-foot  pole  is  $11  or  $12.     Average  weights  are  given  in  Table  16. 

Table  16. — Average  weight  of  southern  white  cedar  poles  of  different  diameters  at 

small  end  of  pole 


Length  (feet) 

Diam- 
eter, 6 
inches 

Diam- 
eter, 6 
inches 

Diam- 
eter, 7 
inches 

Diam- 
eter, 8 
inches 

Length  (feet) 

Diam- 
eter, 5 
inches 

Diam- 
eter, 6 
inches 

Diam- 
eter, 7 
inches 

Diam- 
eter. 8 
inches 

18 

Pounds 
126 
130 
200 
275 

Pounds 
155 
190 
250 
350 
450 
625 

Pounds 
200 
250 
350 
450 
600 
850 

Pounds 

45    - --- 

Pounds 

Pounds 

900 

1,150 

1,300 

Pounds 
1,100 
1,350 
1,700 
2,200 
2,500 
3,000 

Pounds 
1,350 

20 

350 
450 
600 
850 
1,100 

50 

1,700 

25 

55 

2,200 

30 

60 

2,500 

35 

65 

3,000 

40 

70— 
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The  number  of  poles  that  can  be  loaded  on  a  car  is  about  as  follows : 
7-inch  30-foot  poles,  100;  7-inch  35-foot  poles,  75  to  80;  8-inch  35-foot 
poles,  65;  7-inch  40-foot  poles,  65  to  70;  8-inch  40-foot  poles,  60; 
8-inch  50-foot  poles,  50;  8-inch  60-foot  poles,  40.  (Fig.  15.)  All 
poles  over  40  feet  long  require  two  cars  for  shipment. 

An  increasing  preference  is  being  shown  for  treated  southern  white 
cedar  poles.  In  this  preservative  treatment  the  butt  of  the  pole, 
which  is  in  contact  with  the  soU  and  therefore  most  subject  to  decay, 
is  placed  in  hot  creosote  for  several  hours,  and  then  in  a  similar  bath 
of  cold  creosote  (3).  It  is  claimed  that  a  %-inch  penetration  is 
obtained  by  this  hot  and  cold  bath  open-tank  treatment.     A  firm 


Figure  15. — Loading  southern  white  cedar  poles  for  shipment 

purchasing  southern  white  cedar  poles  in  large  quantities  and  operat- 
ing its  own  treating  plant  finds  that  the  preservative  treatment  costs 
about  one-half  the  price  of  the  untreated  pole  and  claims  that  the 
life  of  the  pole  is  generally  at  least  doubled  by  proper  treatment. 

During  the  past  few  years  there  has  been  a  decrease  in  the  demand 
for  southern  white  cedar  poles  owing  to  the  large  use  of  treated 
southern  pine  poles. 

Southern  white  cedar  poles  are  used  by  the  United  States  Navy 
Department  as  dock  shores  for  shoring  up  boats  when  undergoing 
repairs  in  dry  dock.  These  poles  must  be  straight,  sound,  and  free 
from  shakes,  split  tops  or  butts,  spiral  growth,  and  large  or  unsound 
knots.  Bark  must  be  left  on  unless  otherwise  specified. ^^  The  sizes 
specified  are  shown  in  Table  17. 

i«  Copies  of  Navy  Department  specifications  may  be  obtained  from  the  Bureau  of  Supplies  and  Accoimts, 
Navy  Department,  Washington,  D.  C. 
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Table  17. — Specified  sizes   and  maximum  curvature  allowed  for  southern   white 
cedar  poles  used  as  dock  shores 


Butt  diameter 

Top  diameter 

Maximum 
curvature 

Length  (feet) 

Minimum 

Maximum 

Minimum 

Maximum 

allowed 
in  total 
length 

Under  24 

Inches 
6 
8 
10 
12 
14 
15 
17 

Inches 
9 
11 
14 
16 
18 
20 
24 

Inches 
4 
6 

7 
8 
9 
9 
10 

Inches 
6 
7 
9 
11 
12 
13 
14 

Inches 
1 

24  to  30 

2 

30  to  40 

40  to  50 

2.5 
3 

50  to  60  . 

3 

60  to  76 - 

3.5 

4 

Because  of  its  lightness  and  durability  the  wood  is  valued  highly 
for  spar  buoys.  These  spars  are  generally  25  to  50  feet  long  and 
about  12  inches  in  diameter  at  the  butt  and  8  inches  at  the  top. 
Logs  selected  for  this  purpose  because  of  their  straightness  and 
uniform  taper  are  trimmed  to  the  required  dimensions  in  the  woods, 
generally  from  timber  of  larger  sizes. 


Figure  16. — Bean  poles  and  grape  stakes  cut  from  small  trees  and  tops  of  southern  white  cedar. 
(Great  Swamp,  Atlantic  County,  N.  J.) 

SMALL  POLES,  POSTS,  AND  STAKES  " 

A  market  for  small-growth  southern  white  cedar  will  often  make 
it  possible  to  dispose  of  thinnings  at  a  profit  or  at  least  at  prices 
sufficient  to  pay  most,  if  not  all,  of  the  costs  of  the  operation.  Thin- 
nings suitable  for  special  purposes,  such  as  nursery  poles,  grape 
stakes,  and  arbor  poles  (fig.  16),  will  bring  the  best  prices,  but  it 
may  often  be  possible  to  dispose  of  less  desirable  material  for  such 
purposes  as  bean  poles  or  rustic  poles  at  a  good-enough  price  to  cover 
the  cost  of  production — that  is  to  say,  the  cost  of  thinning,  hauling, 
and  loading. 

Fence  posts  are  sometimes  cut  from  southern  white  cedar.  The 
usual  dimensions  are  4  to  7  inches  in  diameter  at  the  top  and  7  or  8 


1'  Prices  given  were  furnished  by  the  department  of  conservation  and  development,  division  of  forests 
and  parks.  State  of  New  Jersey. 


SOUTHERN  WHITE  CEDAR 


51 


feet  in  length.  They  may  be  cut  from  the  tops  of  trees  used  for  poles 
or  from  small  trees  where  shingle  manufacture  is  not  carried  on. 
Seven-foot  posts  with  a  5  to  6  inch  top  usually  bring  from  25  to  40 
cents  each,  dehvered.  They  sometimes  retail  for  as  much  as  60  cents. 
Table  18  gives  approximate  specifications,  costs,  and  prices  for 
small  poles,  posts,  and  stakes,  estimated  from  a  number  of  small 
operations  in  different  localities.  The  cost  and  price  may,  of  course, 
vary  considerably  imder  different  conditions  of  production  and  sale. 
Table  19  gives  the  weights  of  unpeeled  poles,  stakes,  and  posts  of 
different  sizes. 

Table  18. — Approximate  specifications,  costs,  and  prices  received  for  thinnings  in 

southern  white  cedar 


Product 


Length 


Top 
diam- 
eter 


Cost 
each 


Price,! 

each, 

f.  0.  b. 


Special  requirements 


Bean  poles 

Nursery  poles 

Rustic  poles 

Shade-tree  stakes 

Arbor  poles  and  grape  stakes 

Dye  poles -- 

Oyster  stakes 


Feet 
8-10 
8-10 
8-12 
8-10 

10 
12 
12 


Inches 
1  -2 
1.5-2 

1  -A 

2  -3 

3  -5 
<2  -3 
*2    -3 


Cents 
M 
4 
6 

3fi 


Cents 
4-4.5 
5.5-6.5 
8 
12    -20 

25  -40 
10  -12 
10    -12 


Butts  sharpened. 

Do. 
Fresh-cut  from  live  trees  only. 
Straight  and  clear  of  defects;  tops 

sawed,  butts  sharpened. 
Tops  sawed,  butts  sawed  or  chopped. 

Tops  left  on. 


1  Including  hauling  and  loading. 

2  Estimated  at  1  cent  for  stumpage,  1.5  cents  for  cutting,  and  1,5  cents  for  hauling  and  loading. 

3  Estimated  at  1  cent  for  stumpage,  3  cents  for  cutting,  and  2  cents  for  hauling  over  fair  roads  where  the 
distance  is  not  too  great. 

*  Diameter  at  butt. 

Table  19. — Weight  of  unpeeled  southern  white  cedar  poles,  stakes,  and  posts  ^ 


Product 


Bean  poles 

Do 

Nursery  poles 

Do 

Rustic  poles 

Shade- tree  stakes 

Do 

Do .  — 

Do 

Arbor  poles  and  grape  stakes 
Do 

Fence  posts 

Do 

Do 


Top  diam  - 

eter 

Inches 

1    -2 

1    -2 

1.5-2 

1.6-2 

1    -4 

2    -2.5 

2    -2.5 

2.5-3 

2.6-3 

3    -A 

4    -5 

4    -5 

4    -5 

6    -7 

Length 


Approximate  weight 
per  100  poles 


Fresh-cut 

Feet 

Pounds 

8 

600 

10 

750 

8 

750 

10 

950 

8-12 

2,000 

8 

1,200 

10 

1,500 

8 

1,800 

10 

2,200 

10 

3,500 

10 

5,500 

7 

3,800 

7 

5,500 

8 

9,800 

Pounds 

450 

550 

550 

650 

1,450 

800 

1,100 

1,400 

1,700 

2,700 

4,200 

2,900 

4,200 

7,400 


1  Information  furnished  by  the  department  of  conservation  and  development,  division  of  forests  and 
parks.  State  of  New  Jersey." 
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OTHER  USES 


Southern  white  cedar  is  suitable  for  cross  arms  because  of  its  light 
weight  and  durability.  These  are  cut  from  clear,  straight  logs  4.5  to 
8  inches  in  top  diameter  and  13  feet  long,  to  make  6-foot  cross  arms. 

Where  cedar  mills  are  located  in  or  close  to  towns,  slabs  sold  for 
fuel  frequently  bring  from  $4  to  $8  a  cord.  The  heating  value  of 
cedar  is  low,  however,  as  compared  with  that  of  such  woods  as  oak 
and  beech.  About  2  cords  of  cedar  are  required  to  equal  the  fuel 
value  of  1  ton  of  coal. 

Excelsior  is  a  by-product  of  the  cedar-shingle  industry.  It  consists 
of  the  curled  fibers  which  are  produced  by  the  shingle  saw.  This 
material  is  separated  from  the  sawdust  with  a  fork  and  pressed  into 
bales  weighing  about  40  pounds  each.  These  bales  sell  for  75  cents 
to  $1  each  where  there  is  a  demand  for  the  material  for  packing  glass- 
ware, china,  and  other  fragile  articles. 


APPENDIX 


YIELD  TABLES  i 


Tables  20  to  39  include  the  yield  tables  for  southern  white  cedar  and  other 
tables  accessory  to  them  and  necessary  for  their  proper  application.  The  yield 
tables  proper,  Tables  25,  30,  35,  and  39,  show,  in  various  units  of  measurement, 
the  volume  of  wood  which  an  acre  of  well-stocked  cedar  will  yield  at  various 
ages.  For  a  discussion  of  their  general  application  see  pages  23  to  25.  The  yield 
tables  were  prepared  by  the  aUnement-chart  method  (9).  Average  height  of 
the  dominant  and  codominant  trees  at  the  standard  age  of  50  years  was  used 
as  the  basis  for  site  classification.  (Fig.  17.)  The  tables  for  the  total  stand 
include  all  living  trees  1  inch  and  larger  in  diameter  at  breast  height. 

The  data  given  in  Tables  21  to  39,  inclusive,  are  shown  in  compact  graphical 
form  in  a  single  system  of  alinement  charts  (Fig.  18),  from  which  the  tables  were 
read.  For  ordinary  purposes  the  tables  are  sufficient,  but  in  more  accurate  work, 
where  values  must  be  interpolated  for  odd  ages  and  to  the  nearest  foot  of  site 
index,  the  alinement  charts  may  be  used.  Such  charts  are  read  by  passing  a 
straight  line  through  a  known  value  on  each  of  two  axes  and  reading  the  unknown 
value  at  its  intersection  with  the  third.  They  obviate  the  labor  and  inaccuracies 
of  arithmetic  interpolation,  since  values  can  be  read  from  the  charts  for  any  age 
or  site  index  within  their  limits.  The  compactness  of  this  form  of  expression 
makes  the  alinement-chart  yield  table  of  practical  value  in  field  use. 


To  obtain  readings  for— 

Hold  age 
on — 

Hold  site 
index  on — 

Read- 

Multiply 
by- 

A .  Site  classification  hold  age  on  B,  height  of  average  dominant 

on  X,  read  site  index  on  B'. 

B.  Height  of  average  dominant 

B 

C 
D 
E 
F 
F 

L 
M 

N 
0 

K 
J 

I 

H 

Q 

B' 

C 
D' 
E' 
F' 
F' 

X 

X 
X 
X 
X' 
X 

C.  Entire  stand: 

1.  Volume,  total,  less  bark,  cubic  feet  per  acre 

100 

2,  Basal  area,  square  feet  per  acre 

10 

3.  Number  of  trees  per  acre 

100 

4.  Average  d.  b.  h.,  inches 

5.  Tree  basal  area,  square  feet 

0.01 

D.  Partial  stand:  For  any  of  the  5  factors  listed  under  C  deter- 
mine its  entire  stand  value  first.   Also  determine  aver- 
age d.  b.  h.  (CHI  above).    Pass  a  line  through  this  aver- 
age d.  b.  h.  (on  X')  and  the  point  R. 
1.  For  the  stand  5  inches  plus- 
Read  average  d.  b.  h.  on 

Read  per  cent  number  of  trees  on 

Read  per  cent  volume  (cubic  feet)  on 

Read  cubic  feet  per  cord  on 

2.  For  the  stand  8  inches  plus- 
Read  average  d.  b.  h.  on.. 

Rftad  pfir  cpnt  nnmhpr  nf  trpp,«5  nn 

Read  board  feet  per  cubic  feet  on 

3.  For  the  dominant  stand — 

Read  average  d.  b.  h,  on .. 

Read  per  cent  number  of  trees  on 

Multiply  the  entire  stand  volume  by  the  percentages  and  ratios  read,  holding  the  entire-stand  value  on 
A,  the  percentage  or  ratio  on  A',  reading  the  partial-stand  value  on  X,  pointing  off  as  with  a  sUde  rule. 

Similarly,  bark  volume  of  the  entire  stand  can  be  obtained  from  P. 

Notes.— The  cubic  feet  per  cord  values  (O)  represent  the  ratio  of  cubic  feet  (entire  stem,  less  bark)  to 
cords  (to  3-inch  top  d.  i.  b.). 

The  board  feet  per  cubic  foot  values  (I)  represent  the  ratio 

Board  feet  stand  8  inches  plus 
Total  cubic  feet  entire  stand 


J  The  following  yield  tables  were  prepared  by  L.  H.  Reineke  and  C.  F.  Korstian  from  field  data  collected 
by  the  Appalachian  Forest  Experiment  Station  in  cooperation  with  the  State  foresters  of  North  Carolina, 
Virginia,  and  New  Jersey. 
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FiGUBE  17.— Height-growth  classification  for  second-growth  southern  white  cedar.    (These  curves 
were  used  as  the  basis  for  site  classification  in  the  preparation  of  the  yield  tables) 


SOUTHEKN  WHITE  CEDAR 


55 


Age-yrs.    Dom.  8"+ 


503^rs. 
r'+    Site  'index 


I  OH 

9 


ZIOO 
^0  - 

70  - 
_605o' 
•50  - 


Z_  30 


A-- 


2- 


70- 


30  -- 


20 


90 


70 


60 


-50 


6030 
50    H 


-20 


--40 

40-- 


50-- 


--30 


60 
70-- 

80: 
90: 

100- 


-20 

A  BCDELF 

FiGUEE  18. 


G  H     I  J  K       X'  X       L  MNO     P         r  e'd'C'B'A' 

-Alignment-chart  yield  table  for  second-growth  southern  white  cedar 


56         TECHNICAL  BULLETIN  251,  U.  S.  DEPT.  OF  AGRICULTURE 


Table  20. — Distribution  by  age  and  site-quality  classes  of  the  47  well-stocked,  even- 
aged  plots  upon  which  the  yield  tables  are  based  i  2 


• 

Age  (years) 

Site  index  3 

20 

30 

40 

50 

60 

70 

Total 

Number  of  plots 

20 

1 

1 

30 

3 
1 
3 
1 
1 

2 

5 

40 

1 
5 
1 
3 
2 
1 

2 

50 

2 

10 

60 - 

2 

1 
16 

5 

70 

1 

21 

80 

2 

90 

1 

Total 

2 

2 

9 

13 

18 

3 

47 

Deviations  of  individual  plots  from  yield  tables  are  as  follows: 


Measurement 

Aggregate 
deviation 

Average 
percentage 
deviation 

Basal  area  .  . . 

Per  cent 
-0.49 
+0.38 
-0.23 
-1.13 

Per  cent 
±7.0 

Number  of  trees _           ..... 

±26.6 

Volume,  cubic  feet.        

±7.9 

Volume,  by  international  (J^i-inch)  rule 

±35  2 

2  A  total  of  63  plots  was  measured  from  Florida  (1  plot)  to  Massachussetts  (3  plots) .  The  47  well-stocked 
plots  mathematically  selected  for  yield-table  construction  are  distributed  as  follows:  North  Carolina,  11; 
Virginia,  21;  New  Jersey,  13;  Connecticut,  2. 

3  Site  index  is  the  height  attained  in  50  years  by  dominant  trees  of  average  basal  area. 

Table  21. — Total  height  of  southern  white  cedar  trees  in  the  dominant  stand  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Total  height— feet 

20 

10.2 
12.5 
14.4 
16.0 
17.4 
18.8 
20.0 
21.1 
22.0 
22.8 
23.6 
24.3 
25.0 
25.5 
26.0 
26.5 
27.0 

15.5 
18.7 
21.5 
24.0 
26.3 
28.2 
30.0 
31.5 
33.0 
34.2 
35.5 
36.5 
37.5 
38.4 
39.2 
40.1 
41.5 

20.8 
25.1 
28.8 
32.2 
35.0 
37.7 
40.0 
42.2 
44.1 
45.8 
47.4 
48.8 
50.1 
51.2 
52.3 
53.3 
54.2 

25.9 
31.2 
35.8 
40.0 
43.7 
47.0 
50.0 
52.7 
55.2 
57.3 
59.2 
61.0 
62.6 
64.0 
65.4 
66.6 
67.7 

31.0 
37.6 
43.2 
48.2 
52.6 
56.5 
60.0 
63.2 
66.2 
68.7 
71.1 
73.2 
75.2 
77.0 
78.6 
80.0 
81.3 

36.4 

25 

43.9 

30 

50.4 

35 

56.2 

40                                .     ..     

61.3 

45 

65.9 

50 

70.0 

55 

73.8 

60 

77.2 

65                                                                      -  - 

80.2 

70 

83.0 

75     -                              

85.5 

80 

87.7 

85 

89.8 

90 

91.7 

95 

93.3 

100                                                         

94.9 

'  The  values  in  this  table  were  read  from  the  height-age  curves  in  fig.  17. 
indices. 


The  50-year  values  are  site 
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Table  22. — Average  diameter  breast  high  of  all  southern  white  cedar  trees  1  inch 
and  more  in  diameter,  hy  age  and  site-quality  classes  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Diameter  breast  high— inches 

20 

0.9 
1.2 
1.5 
1.8 
2.1 
2.4 
2.7 
3.0 
3.2 
3.5 
3.7 
3.9 
4.1 
4.3 
4.5 
4.6 
4.7 

1.1 
1.5 
1.9 
2.3 
2.7 
3.0 
3.4 
3.7 
4.0 
4.3 
4.6 
4.9 
5.1 
5.4 
5.6 
5.8 
6.0 

1.4 
1.9 
2.4 
2.8 
3.3 
3.8 
4.3 
4.7 
5.1 
5.5 
5.8 
6.1 
6.4 
6.7 
7.0 
7.2 
7.4 

1.8 
2.4 
3.0 
3.6 
4.2 
4.8 
5.4 
6.0 
6.5 
6.9 
7.3 
7.7 
8.0 
8.4 
8.7 
9.1 
9.4 

2.3 
3.1 
3.9 

4.7 
5.5 
6.3 
7.1 
7.8 
8.5 
9.0 
9.5 
10.0 
10.6 
11.1 
11.5 
12.0 
12.4 

2.9 

25            - 

3.9 

30                                .  .  . 

5  0 

35 

6.0 

40        -     

7.0 

45                                  --.--...  ... 

8  0 

50 

9.0 

65               

10  0 

60                                                                -       - 

10  8 

65 

11.6 

70                      

12  2 

75 

12  9 

80          

13  5 

85                                                                --     - 

14  1 

90 

14.7 

95                        

15  3 

100 

15  8 

1  Derived  from  total  basal  area  per  acre  (Table  24)  and  total  number  of  trees  per  acre  (Table  23). 

Table  23. — Total  number  of  southern  white  cedar  trees  per  acre  1  inch  and  more  in 
diameter  breast  high,  by  age  and  site-quality  classes 


Age  (years) 


20. 
25. 
30. 
35. 
40. 
45.. 
60. 
55.. 
60.. 
65.. 
70.. 
75.. 
80.. 
85.. 
90.. 
96.. 
100. 


20 


Site  index 


30 


40 


50 


60 


Number  of  trees  per  acre 


18,000 

14,700 

10,800 

7,400 

4,600 

13.000 

10,500 

7,600 

5,100 

3,300 

9,600 

7,600 

5,600 

3,850 

2,400 

7,400 

5,800 

4,500 

2,950 

1,860 

5,800 

4,500 

3,400 

2,300 

1,440 

4,600 

3,700 

2,700 

1,900 

1,170 

3,900 

3,100 

2,250 

1,550 

970 

3,350 

2,600 

1,950 

1,330 

830 

2,900 

2,300 

1,700 

1,170 

740 

2,550 

2,050 

1,500 

1,050 

660 

2,300 

1,850 

1,350 

940 

580 

2,150 

1,700 

1,250 

860 

540 

1,980 

1,550 

1,150 

790 

500 

1,850 

1,450 

1,075 

740 

460 

L7oO 

1,350 

1,000 

700 

430 

1,650 

1,270 

950 

660 

420 

1,550 

1,200 

900 

620 

385 

70 


2,800 
2.000 
1,450 
1,120 
870 
720 
580 
500 
435 
380 
350 
330 
300 
280 
260 
250 
230 
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Table  24. — Basal  area  per  acre  of  all  southern  white  cedar  trees  1  inch  and  more 
in  diameter  breast  high,  hy  age  and  site-quality  classes  ^ 


Age  (years) 


Site  index 


20 


40 


50 


Basal  area— square  feet  per  acre 


70 


20. 
25- 
30. 
35. 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75. 
80. 
85. 
90. 
95. 
100 


83 

108 

126 

140 

148 

100 

129 

150 

167 

175 

113 

146 

170 

188 

198 

124 

159 

185 

205 

217 

134 

170 

200 

220 

232 

141 

180 

210 

233 

245 

148 

188 

220 

243 

256 

152 

194 

228 

252 

265 

156 

198 

234 

259 

272 

159 

202 

239 

264 

279 

162 

206 

242 

269 

284 

164 

209 

246 

274 

289 

166 

213 

250 

279 

294 

168 

216 

253 

281 

297 

169 

219 

256 

284 

300 

170 

221 

259 

287 

302 

172 

223 

261 

290 

304 

151 
180 
203 
223 
240 
254 
267 
275 
283 
290 
295 
300 
304 
308 
311 
314 
317 


1  By  basal  area  is  meant  the  sum  of  the  cross-sectional  areas  in  square  feet  of  all  trees  on  an  average  acre 
measured  at  breast  height.  Since  it  is  computed  from  the  diameters  at  breast  height  it  includes  both  wood 
and  bark.    Basal  area  has  been  found  relatively  insensitive  to  variations  in  stocking. 

Table  25. — Yield  of  well-stocked  even-aged  stands  of  southern  white  cedar  in  cubic 
feet  of  peeled  wood  per  acre,  by  age  and  site-quality  classes 


Age  (years) 


Site  index 


20 


30 


40 


50 


60 


Volume  of  peeled  wood  i — cubic  feet  per  acre 


70 


20. 
25. 
30. 
35. 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75- 
80- 
85. 
90. 
95- 
100 


420 

820 

1,200 

1,600 

2,050 

600 

1,170 

1,700 

2,300 

2,850 

780 

1,500 

2,200 

2,950 

3,650 

930 

1,800 

2,650 

3,550 

4,350 

1,080 

2,100 

3,100 

4,050 

5,050 

1,230 

2,350 

3,500 

4,550 

6,750 

1,370 

2,600 

3,850 

5,050 

6,400 

1,500 

2,850 

4,150 

5,550 

7,000 

1,600 

3,100 

4,450 

6,000 

7,500 

1,700 

3,300 

4,700 

6,400 

7,900 

1,800 

3,450 

4,950 

6,700 

8,300 

1,900 

3,600 

6,200 

7,000 

8,650 

1,950 

3,750 

5,400 

7,250 

9,000 

2,000 

3,850 

5,600 

7,500 

9,300 

2,050 

3,950 

5,800 

7,700 

9,600 

2,100 

4,050 

5,900 

7,900 

9,900 

2, 150 

4,100 

6,000 

8,050 

10,100 

2,400 
3,400 
4,300 
5,200 
6,050 
6, 850 
7,600 
8,300 
8,900 
9,450 
10,000 
10,500 
10, 900' 
11,200 
11,500 
11,800 
12,000 


1  Volume  of  entire  stem  without  bark,  including  stump  and  top. 
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Table  26. —  Total  hark  volume  in  percentage  of  total  peeled  volume  for  all  southern 
white  cedar  trees  1  inch  and  more  in  diameter,  by  age  and  site-quality  classes  ^ 


Age  (years) 


Site  index 


20 


30 


40 


50 


Bark  volume— percentage  of  total  peeled  volume 


25. 
30. 
35_ 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75. 
80. 
85. 
90- 
95. 
100 


27.8 

27.2 

26.5 

25.5 

24.2 

27.1 

26.2 

25.3 

24.2 

22.5 

26.2 

25.3 

24.2 

22.8 

21.2 

25.5 

24.2 

23.0 

21.7 

20.2 

24.7 

23.3 

22.1 

20.8 

19.3 

23.9 

22.6 

21.3 

20.0 

18.4 

23.2 

21.9 

20.7 

19.4 

17.8 

22.7 

21.5 

20.2 

18.8 

17.3 

22.3 

21.0 

19.7 

18.3 

16.8 

21.9 

20.7 

19.3 

18.0 

16.5 

21.5 

20.3 

18.9 

17.7 

16.2 

21.2 

19.9 

18.7 

17.4 

16.0 

20.9 

19.7 

18.4 

17.2 

15.7 

20.7 

19.4 

18.2 

16.9 

15.4 

20.4 

19.2 

18.0 

16.7 

15.2 

20.3 

18.9 

17.8 

16.5 

15.0 

20.2 

18.8 

17.6 

16.3 

14.8 

23.1 
21.2 
19.8 
18.7 
17.9 
17.2 
16.6 
16.0 
15.6 
15.2 
14.9 
14.6 
14.4 
14.2 
13.9 
13.7 
13.5 


1  This  table  gives  bark  volume  of  entire  stem,  including  stump  and  top,  in  percentage  of  the  peeled  volume 
of  the  entire  stem. 


Table  27. — Average  diameter  breast  high  of  all  southern  white  cedar  trees  5  inches 
and  more  in  diameter,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Diameter  breast  high— inches 

20 

4.6 
5.0 
5.4 
5.9 
6.4 
6.9 
7.5 
8.0 
8.6 
9.1 
9.6 
10.1 
10.6 
ILO 
11.4 
11.8 
12  1 

5  0 

25           

4.7 
5.0 
5.3 
5.7 
6.0 
6.3 
6.7 
7.0 
7.4 
7.7 
8.0 
8.3 
8.6 
8.9 
9.2 
9  5 

5  6 

30 

4.7 
4.9 
5.2 
5.4 
5.7 
5.9 
6.1 
6.3 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7  8 

6  2 

35 

4.6 
4.8 
5.0 
5.2 
5.4 
.5.5 
5.7 
5.8 
6.0 
6.1 
6.3 
6.4 
6.5 
6  7 

6.9 

7  7 

40                                                       

45 

4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.4 
5.5 
5.5 
5.6 

8  5 

50 

9  4 

56 

10  2 

60 

11  0 

65 

11  8 

70 

12  5 

75 

13  1 

80 

13  8 

85 

14  3 

90 

14  9 

95. 

15  4 

100. -- 

15  9 

60 
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Table  28. — Total  number  per  acre  of  southern  white  cedar  trees  5  inches  and  more 
in  diameter,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Number  of  trees  per  acre 

20 

58 
330 
654 
834 
900 
866 
795 
740 
663 
612 
555 
516 
477 
446 
419 
397 
378 

213 

553 

25                   

95 
308 
575 
759 
892 
946 
931 
906 
842 
802 
762 
725 
684 
642 
614 
584 

30                             ... 

97 
215 
442 
648 
788 
876 
935 
938 
910 
888 
862 
838 
810 
788 
762 

768 

784 

35 

63 

185 
295 
465 
572 
666 
725 
803 
821 
850 
857 
864 
853 
822 

40 

705 
634 

45 

80 
161 
259 
355 
446 
506 
559 
620 
670 
702 
726 
735 

50 

545 

65                          - 

478 

60 

427 

65    .          

381 

70                                  ... 

343 

75 

320 

80                         

292 

85 

277 

90               

258 

95                                       ... .  . 

243 

100  .     

229 

Table  29. 


-Basal  area  per  acre  of  all  southern  white  cedar  trees  5  inches  and  more 
in  diameter,  by  age  and  site-quality  classes  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Basal 

area — square  feet  per  acre 

20                          -  -  -          .     .  _    .    

6.7 
44.4 
104.0 
158.4 
199.5 
226.1 
245.2 
258.1 
267.1 
275.7 
281.4 
287.3 
292.5 
295.8 
298.8 
301.1 
303.4 

29  0 

25                                                                  -  - 

11.4 
41.9 
88.2 
134.2 
174.8 
206.6 
227.6 
241.9 
251.  1 
259.0 
266.1 
272.6 
275.7 
279.7 
283.8 
287.1 

94  5 

30            

11.6 
28.1 
65.2 
104.0 
139.7 
166.4 
189.5 
205.5 
214.9 
223.9 
232.2 
238.6 
244.2 
248.6 
252.1 

160.0 

35 

7.2 
23.3 
40.1 
68.1 
90.2 
109.9 
128.3 
145.2 
160.9 
172.5 
183.0 
190.5 
196.2 
201.4 

201  4 

40            

229.0 

45                

9.6 
20.3 
33.9 
48.0 
63.3 
75.3 
86.1 
96.8 
106.7 
115.8 
121.0 
125.6 

248,2 

50 

263.8 

55 

60                              .       .                     

273.4 
281  6 

65              .   . ... 

289.1 

70 

294  4 

75            

299.4 

80                          -  -                  -          ---  -- 

303.7 

85     

307.7 

90                   .     

310.7 

95 

313.7 

100                

316.7 

Basal  area  is  measured  at  breast  height. 
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Table  30. —  Yield  of  well-stocked  even-aged  stands  of  southern  white  cedar    trees 
5  inches  and  more  in  diameter,  in  cords  per  acre,  by  age  and  site-quality  classes  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Yield  of  wood  and  bark — cords  per  acre 

20                 -  -  -        -    -    

1.4 
8.9 
19.2 
31.0 
43.5 
55.3 
65.1 
73.0 
79.5 
85.2 
90.2 
94.5 
98.5 
101.9 
105.0 
108.0 
110.7 

5.9 

25                            --     -      -  ---     

2.8 
8.9 
16.0 
24.0 
32.7 
41.8 
:0.5 
58.1 
fi4.4 
69.5 
73.8 
77.4 
80.5 
83.2 
85.6 
87.8 

18.7 

30                                       -         .   -   .- 

2.4 
6.7 
11.8 
17.5 
23.6 
29.4 
34.9 
40.0 
44.6 
48.8 
52.8 
56.1 
59.1 
61.6 
63.8 

33.2 

35                  

1.2 
3.9 
6.9 
10.2 
13.9 
17.3 
20.6 
23.7 
28.7 
29.5 
32.2 
34.4 
36.5 
38.2 

48.0 

40                          -         -.--..----- 

61.8 

45                                            ..,--.-- 

1.0 
2.6 
4.1 
5.6 
7.1 
8.5 
9.8 
11.0 
12.2 
13.3 
14.3 
15.1 

73.2 

60                   

82.7 

65                                  .     .-  _     .  -._ 

90.7 

60                                                           -  --- 

97.5 

65                         _.._--  ---   - 

103.8 

70                                       ...     -     - -- 

109.5 

75                                                                   ---  - 

114.4 

80                       -  - .._  -  -         -  _.  -- 

118.7 

85 -        - 

122.4 

90           

125.6 

95                                  - 

128.7 

100 

131.5 

1  Volume  includes  stem  and  bark  between  1-foot  sttunp  and  an  inside  bark  top  diameter  of  4  inches. 


Table  31. — Cubic  feet  of  solid  wood  per  stacked  cord  of  wood  with  bark  for  all  trees 
5  inches  and  more  in  diameter,  by  age  and  site-quality  classes 


Site  index 

Ape  (years) 

20 

30 

40 

50 

60 

70 

Cubic  feet  of  solid  wood  per  cord  with  bark 

20                                                                  -  - 

73.5 
75.2 
76.7 
77.8 
79.1 
80.1 
80.9 
81.7 
82.3 
82.7 
83.1 
83.4 
83.8 
84.2 
84.3 
84.6 
84.8 

74.8 

25            

73.8 
75.0 
76.2 
77.2 
78.0 
78.9 
79.7 
80.3 
80.7 
81.2 
81.5 
81;  8 
82.2 
82.4 
82.8 
83.0 

76.7 

30                              

73.8 
74.6 
75.6 
76.6 
77.3 
77.8 
78.5 
79.1 
79.4 
79.8 
80.2 
80.5 
80.8 
81.0 
81.3 

7S.3 

35 

73.5 
74.7 
75.0 

75.8 
76.4 
76.8 
77.3 
77.7 
78.2 
78.5 
78.9 
79.2 
79.4 
79.7 

79.7 

40            - --- 

80.8 

45 

60 --- 

73.8 
74.7 
75.0 
75.4 
76.0 
76.4 
76.7 
77.0 
77.3 
77.6 
77.7. 
77.8 

81.7 
82.7 

55                                     

83.4 

60 --- 

65                              

84.0 
84.4 

70 

84.7 

75 

85.2 

80                                                    

85.4 

85.     - 

90-                                    

85.7 
86.0 

95 

86.2 

100 

86.5 

52799°— 31- 
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Table  32. — Average  diameter  breast  high  of  all  southern  white  cedar  trees  8  inches 
and  more  in  diameter,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Diameter  breast  high— inches 

25 

7  7 

30 

7.7 
7.9 
8.1 
8.4 
8.8 
9.2 
9.6 
10.1 
10.5 
10.9 
11.3 
11.6 
12.0 
12.3 
12.6 

8  1 

35 

7.6 
7.7 
7.8 
8.0 
8.2 
8.4 
8.7 
9.0 
9.3 
9.6 
9.8 
9.9 
10.1 
10.3 

8  5 

40   -  - 

9  0 

45 

7.6 
7.6 
7.7 
7.8 
8.0 
8.1 
8.3 
8.4 
8.6 
8.7 
8.9 
9.0 

9  6 

60 

10  3 

55 

7.6 
7.6 
7.7 
7.7 
7.8 
7.9 
7.9 
8.0 
8.0 
8.1 

11  1 

60 

11.8 
12  4 

65 . 

7.6 
7.6 
7.6 
7.6 

7.7 
7.7 
7.7 
7.7 

70 

13  0 

75 

13  5 

80 

14  0 

85 

14  6 

90 

15  1 

95 

15  6 

100 

16  1 

Table  33. —  Total  number  per  acre  of  southern  white  cedar  trees  8  inches  and  more 
in  diameter,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Number  of  trees  per  acre 

25 

12 

30 



.   13 

65 
165 
269 
359 
407 
430 
422 
414 
404 
390 
382 
366 
354 
343 

87 

35 

6 
27 
83 
162 
246 
310 
352 
382 
403 
411 
422 
430 
436 
436 

203 

40           

310 

45 

11 
34 
71 
119 
168 
213 
250 
288 
322 
353 
365 
378 

374 

50 

388 

55 

8 
17 
31 
54 
85 
112 
147 
169 
200 
223 

370 

60 

349 

65 

4 
7 
11 
16 
25 
38 
45 
54 

331 

70 

308 

75         -            

294 

80 

278 

85 

263 

90 

248 

95 

234 

100        -            

223 
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Table  34. — Basal  area  per  acre  of  all  southern  white  cedar  trees  8  inches  and  more 
in  diameter,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Basal  area — square  feet  per  acre 

25             

3.8 

30                                                                

4.2 
21.9 
58.9 
103.6 
151.0 
187.9 
216.2 
234.6 
249.1 
262.0 
272.8 
280.7 
286.5 
291.7 
295.5 

31.3 

35 

2.0 
8.0 
27.5 
56.4 
90.2 
120.7 
145.2 
168.9 
190.4 
205.6 
220.3 
231.2 
244.0 
252.3 

79.8 

40                                         

136.8 

45                                                                           1 

3.6 
10.8 
23.0 
39.8 
58.0 
76.2 
93.5 
111.2 
128.5 
145.9 
158.0 
168.1 

187.2 

.50                                

224.5 

55 

2.5 
5.3 
9.9 
17.5 
28.2 
38.0 
50.0 
59.6 

79!  8 

248.3 

60 

264.6 

65                                                                

1.3 
2.1 
3.4 
5.1 
8.2 
12.2 
14  4 
17.4 

277.8 

70 

285  9 

75             -                                       

294.0 

80 

298  5 

85 

304.0 

90 

307.9 

95 

311  2 

100                                                           

314.  5 

Table  35. — Yield  of  well-stocked  even-aged  stands  of  southern  white  cedar  trees  8 
inches  and  more  in  diameter  in  board  feet,  international  {]ri-inch)  log  rule,  by  age 
and  site-quality  classes  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Yield— board  feet  per  acre 

20 

120 

25 .- 

255 
1,060 
2,660 
5,910 
10,700 
16,600 
22,300 
27,500 
31,900 
35,700 
39,300 
42,700 
46,000 
49,000 
51,700 
54,200 

1,000 

30 

205 

710 

1,540 

3,000 

5,500 

8,800 

12,100 

15,300 

18,400 

21,500 

24,300 

27,000 

29,500 

32,000 

34,400 

3,440 

35 

105 

405 

910 

1,620 

2,530 

3,900 

5,450 

7,050 

8,750 

10,500 

12,300 

14,100 

15,900 

17,800 

8,320 

40 

40 

165 

350 

650 

1,000 

1,400 

1,950 

2,550 

3,250 

4,050 

4,850 

5,700 

6,550 

15, 300 

45... 

23,000 

50 

25 

105 

200 

305 

420 

545 

685 

840 

1,000 

1,170 

1,350 

30,300 

55 •. 

37,000 

60 

42,900 

65 .  .       

48,200 

70 

53,100 

75....              

57,300 

80 

60,800 

85 .       

63,900 

90 

66,700 

95 

69,300 

100               

71,500 

1  stump  height  1  foot;  top  diameter  inside  bark  6  inches;  for  H-inch  saw  kerf,  deduct  9.5  per  cent. 
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Table  36. — Average  diameter  breast  high  of  all  southern  white  cedar  trees  in  the 
dominant  stand,  by  age  and  site-quality  classes 


Age  (years) 


Site  index 


30 


40 


50 


Diameter  breast  high — inches 


70 


85.. 
90-. 
95.- 
100. 


1.6 
2.0 
2.4 
2.8 
3.1 
3.4 
3.7 
4.0 
4.3 
4.5 
4.7 
4.9 
5.1 
5.3 
5.4 
5.6 


1.5 

1.9 

2.4 

3.0 

2.0 

2.5 

3.2 

3.9 

2.5 

3.1 

3.9 

4.9 

3.0 

3.7 

4.6 

5.8 

3.4 

4.2 

5.2 

6.6 

3.9 

4.8 

5.9 

7.4 

4.3 

5.2 

6.5 

8.2 

4.6 

5.7 

7.0 

8.8 

6.0 

6.1 

7.5 

9.5 

5.3 

6.5 

8.0 

10.2 

5.6 

6.9 

8.5 

10.7 

5.8 

7.2 

8.9 

11.3 

6.1 

7.5 

9.3 

11.8 

6.3 

7.8 

9.6 

12.3 

6.6 

8.0 

10.0 

12.7 

6.8 

8.3 

10.3 

13.2 

7.0 

8.5 

10.6 

13.6 

3.7 
4.9 
6.1 
7.2 
8.4 
9.5 
10.5 
11.5 
12.4 
13.2 
14.0 
14.8 
15.5 
16.1 
16.7 
17.3 
17.9 


Table  37. — Total  number  of  southern  white  cedar  trees  per  acre  in  the  dominant 
stand,  by  age  and  site-quality  classes 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Number  of  trees  per  acre 

20                      ..  -. 

6,500 

4,410 

3,140 

2,470 

2,060 

1,660 

1,440 

1,300 

1,120 

1,020 

938 

876 

815 

788 

720 

685 

660 

4,750 

3,300 

2,400 

1,880 

1,570 

1,300 

1,160 

994 

902 

820 

734 

685 

646 

610 

589 

553 

630 

3,340 

2,250 

1,730 

1,370 

1,130 

956 

823 

749 

674 

604 

649 

610 

481 

457 

428 

409 

388 

2,270 
1,600 
1,160 
923 
770 
655 
563 
610 
451 
407 
377 
342 
322 
300 
285 
267 
264 

1,630 

1,060 

783 

25 

5,290 

3,860 

3,030 

2,350 

1,970 

1,780 

1,550 

1,360 

1,200 

1,130 

1,040 

980 

925 

858 

837 

790 

30 

35 

626 

40  ..    .      -- 

502 

45 

420 

60 

365 

65 

317 

60 

"  281 

65                    -   

256 

70 

232 

75  _   .     

213 

80 

197 

85 

186 

90                     -   

174 

95 

164 

100            

156 
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Table  38. — Basal  area  per  acre  of  all  southern  white  cedar  trees  in  the  dominant 
stand,  by  age  and  site-quality  classes 


65.. 
TO- 
TS.. 
80.. 
85.. 
90.. 
95- 
100. 


Age  (years) 


74.1 
84.2 
92.8 
100.5 
106.2 
112.0 
115.5 
118.9 
121.8 
124.4 
126.3 
128.2 
130.0 
131.3 
132.3 
134.0 


Site  index 


40 


50 


Basal  area — square  feet  per  acre 


79.6 

93.5 

104.7 

111.3 

96.1 

112.4 

125.8 

133.2 

109.4 

128.0 

142.9 

152.5 

119.6 

140.2 

157.2 

169.0 

130.0 

152.6 

170.1 

183.0 

136.8 

161.5 

181.7 

195.5 

143.8 

170.3 

191.5 

206.1 

149.0 

177.6 

200.1 

215.2 

152.7 

183.2 

206.9 

222.8 

156.3 

188.6 

211.7 

229.3 

160.3 

191.7 

217.1 

235.2 

163.2 

195.6 

222.2 

239.9 

166.8 

199.5 

227.1 

244.9 

170.2 

202.7 

229.9 

248.6 

173.2 

205.6 

232.9 

251.4 

175.0 

208.8 

236.2 

25.3.7 

177.1 

211.1 

239.8 

255.7 

70 


114.6 
138.6 
158.7 
177.1 
192.7 
206.8 
219.5 
228.2 
236.0 
243.3 
247.8 
252.9 
257.9 
261.5 
264.4 
267.2 
270.1 


Table  39. — Yield  of  the  dominant  stand  of  fully  stocked  southern  white  cedar  in 
board  feet,    international  (ji-inch)  log  rule,  by  age  and  site-quality  daises  ^ 


Site  index 

Age  (years) 

20 

30 

40 

50 

60 

70 

Yield — board  feet  per  acre 

20       . 

95 

25 

200 
985 
2,700 
5,960 
10,800 
16,600 
21,900 
26,600 
30,000 
33,400 
36.500 
39,800 
42.600 
44,900 
47,500 
49,300 

930 

3o:  ::::::::::::::::::::::::::::::::::::::: 

145 

640 

1.540 

3,050 

5,500 

8,960 

12,500 

15,500 

18,500 

21,400 

23,600 

26,200 

28,100 

30,400 

32,000 

3,440 
8,480 
15,200 

35 

55 
340 
805 
1,620 
2,580 
3,870 
5,540 
7,180 
9,000 
10,700 
12,600 
14,600 
15,800 
17,000 

40-   

20 

120 

340 

600 

960 

1,380 

1,960 

2,630 

3,260 

4,240 

5,020 

5,870 

6,680 

45 

22,500 

60 

15 

75 

145 

255 

380 

515 

665 

840 

1,060 

1,200 

1,340 

28,900 

55 

35,000 

60 

40,000 

65 

44,500 

70 

48,500 

75 

52,300 

80 

55,400 

85 

57,900 

90. 

60,400 

95... 

62,500 
64,200 

100 

Stump  height,  1  foot;  top  diameter  inside  of  bark,  6  inches;  for  H-inch  saw  kerf,  deduct  9.5  per  cent* 


THE  SOUTHERN  WHITE  CEDAR  AUGNMENT-CHART  STAND  TABLE 

For  solving  many  of  the  problems  of  forest  management,  a  yield  table  is  insuf- 
ficient unless  it  be  accompanied  by  an  adequate  stand  table.  When  maximum 
or  minimum  size  of  tree  enters  into  calculations,  as  it  does  when  dealing  with 
piece  products,  or  establishing  a  cutting  limit,  the  yield-table  values  of  average 
diameter  growth  and  number  of  trees  are  inadequate;  the  number  of  trees  in  each 
diameter  class  or  group  of  diameter  classes  must  also  be  known.  A  stand  table 
gives  such  information. 

An  alignment-chart  stand  table  for  southern  white  cedar  is  presented  in  Figure 
19.  The  known  values  are  the  average  diameter  of  the  stand  (taken  from  the 
yield  table)  and  the  diameter  limits  which  are  involved  in  the  problem.  For 
instance,  if  the  average  diameter  of  the  stand  is  15  inches  and  the  number  of 
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trees  in  and  above  the  20-inch  d.  b.  h.  class  is  desired,  a  straight  Hne  is  passed 
through  19.5  inches  on  the  diameter  hmit  scale  (since  the  20-inch  class  includes 
trees  above  19.5  inches)  and  15  inches  on  the  average  diameter  scale,  reading 
10  per  cent  on  the  number-of -trees  scale.     Since  the  number  is  expressed  in  per- 
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Figure  19. — Alignment-chart  stand  table  for  second-growth  southern  white  cedar 


centage  of  the  total  number,  it  must  be  multiplied  by  the  total  number  as  read 
from  the  yield  table. 

If  the  number  of  trees  in  any  one  d.b.h.  class  is  desired,  two  readings  will  be 
necessary,  for  the  upper  and  lower  limits  of  the  class,  the  difference  between 
them  being  the  desired  result.  The  number  in  the  20-inch  class  will  thus  be 
the  difference  between  the  readings  for  its  limits,  19.5  and  20.5  inches.  These 
readings  are  10  per  cent  and  6  per  cent,  respectively;  therefore  4  per  cent  of  the 
total  number  of  trees  are  in  the  20-inch  class, 
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VOLUME  TABLES* 

The  volume  tables  for  southern  white  cedar  which  follow  (Tables  40  to  44) 
indicate  the  average  volume  in  cubic  feet,  cords,  and  board  feet  of  trees  having 
the  total  heights  and  breast-high  diameters  given.  Tables  40,  41,  and  44  are 
particularly  useful  in  determining  the  merchantable  contents  of  trees.  Tables 
42  and  43,  which  give  the  total  volumes  of  the  entire  tree,  stump,  stem,  and  top, 
peeled  and  unpeeled,  are  intended  primarily  for  use  in  scientific  studies  where  a 
measure  of  the  entire  wood  volume  of  the  tree  is  desired.  Tables  45,  46,  and  47 
supplement  the  regular  volume  tables. 

The  field  and  office  methods  used  in  the  preparation  of  the  volume  tables  are 
substantially  those  recommended  as  standard  by  a  joint  committee  from  the 
Society  of  American  Foresters,  the  Association  of  State  Foresters,  and  the  United 
States  Forest  Service  (2) .  Since  the  use  of  the  international  log  rule  (Ys-mch  saw 
kerf)  has  been  recommended  by  this  joint  committee  as  standard  for  second- 
growth  board-foot  yield  tables,  it  is  used  in  the  present  study.  This  log  rule 
is  preferable  to  other  rules  because  it  is  fundamentally  sound  in  derivation 
and  indicates  more  closely  than  any  other  the  amount  of  material  which  can 
actually  be  sawed  from  logs  of  different  sizes.  For  these  reasons  it  is  far  superior 
to  the  Doyle  rule,  in  common  use  in  many  localities.  The  yields  of  well-stocked 
stands  shown  in  Table  24,  which  were  determined  by  the  international  log  rule, 
would  have  been  from  40  to  70  per  cent  less  had  they  been  computed  by  means  of 
the  Doyle  rule,  because  this  rule  greatly  understates  the  amount  of  material 
contained  in  small  trees.  The  greatest  difference  in  yield  as  measured  by  the 
Doyle  and  international  rules  is  naturally  found  in  dense  stands  composed  of 
many  small  trees  to  the  acre,  such  as  occur  on  the  poorer  sites. 

Table  40. — Merchantable  volume  in  hoard  feet  of  southern  white  cedar  of  different 
diameters   and   heights   scaled   by  the   international   log   rule,   Ys-inch  kerf " 


Total  height  of  tree— feet 

Diameter  breast  high  (inches) 

40 

50 

60 

70 

80 

90 

100 

Basis 
(trees) 

Volume— board  feet 

45 
65 

55 
80 
106 
135 
165 
200 

355 
405 
465 
510 

8 

25 
30 
40 
50 

25 
35 
45 
60 
75 
90 
110 
130 
150 

30 

45 

60 

75 

95 

115 

140 

165 

190 

220 

250 

280 

40 

65 

75' 

95 
120 
140 
170 
200 
230 
265 

46 

9 

1 

10 

90 
115 
140 
170 
200 
235 
270 
310 
350 
395 
445 
495 

47 

11 

8 

12 

40 

13 

' qT 

75 

26 

14 

235 
275 
315 
366 
405 
465 
610 
665 

4 

15 .  

1 

16 — 

22 

17 

'— 170- 
195 

2 

18 

300 
340 
380 
425 
475^ 
620 
665 
76 

11 

19 

1 

20 

320 
355 
395 

570 
635 
700 

10 

21 

6 

22 

560 
605 
660 
45 

626 
690" 
760 
23 

2 

23- 

775 

850 

4 

24 

Basis 

4 

39 

36 

227 

«  Top  diameter,  6  inches;  stump  height,  1  foot;  compiled  by  frustum  form  factor  method.  Aggregate 
check:  Table  0.5  per  cent  below  basic  data.  Basic  trees:  Virginia  and  North  Carolina,  165;  New  Jersey,  40; 
Florida,  22.    Block  indicates  extent  of  basic  data. 

» These  tables  were  prepared  by  R.  M.  Brown  from  field  data  collected  by  C.  F.  Korstian  in  cooperation 
with  the  State  foresters  of  North  Carolina,  Virginia,  and  New  Jersey. 
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Table  41. — Merchantable  peeled  volume,  in  cubic  feet,  of  southern  white  cedar  of 
different  diameters  and  heights  ^ 


Diameter 

breast  high 

(inches) 

Total  height  of  tree— feet 

Basis 
(trees) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Factor ' 

to6- 
inchtop 

Peeled  volume— cubic  feet 

0.6 

0.9 

1.6 

12 
46 

4 
51 

1 
47 

8 
40 
26 

4 

1 
22 

2 
11 

1 
10 

6 

2 
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6.... 

1.3 

2.5 

4 

5 

7 

8 
10 
12 

6 

1.3 

1.9- 

3.2 

5 

7 

9 
11 
13 
15 
18 
21 
24 
27 

7 

...1   3 

6 
8 

10 
13 
16 
19 
22 
25 
28 
32 
36 
41 
45 

7 
9 
12 
15 
18 
21 
25 
29 
33 
38 
42 
^    48 
63 
68 
66 
71 
78 
85 
77 

8 

4 
6 
6 

0 

687 

9 

14 

835 

10     .  . 

17 
21 
25 
29 
33 
38 
43 
48 
54 
60 
67 
74 

890 

11 

9''n 

12... 

28 
32 

31 
36 
42 
48 
54 
61 
68 
76 

939 

13.  

14 
16 

96? 

14  

37 

42 

48 

64 

61 

68 

75' 

83 

96? 

15 

969 

16 

976 

17 

31 
34 
38 
42 

980 

18 

984 

19 

987 

20    

50 
55 
61 
67 
73 
38 

84 
93 
101 

990 

21 

992 

22 

81 
89 
96 
45 

—911 
99 
108 
23 

993 

23 

■— TlO^ 
120 
4 

993 

24 

994 

Basis 

12 

21 

74 

1  Top  diameter,  4  inches  inside  bark;  stump  height,  1  foot;  compiled  by  form  factor  method,  total  cubic 
volume  used  as  base.  Aggregate  check:  Table  0.8  per  cent  below  basic  data.  Basic  trees:  Virginia,  North 
Carolina,  193;  New  Jersey,  79;  Florida,  22.    Block  indicates  extent  of  basic  data. 

2  To  convert  to  a  6-inch  top  diameter  limit  inside  bark  use  factor  in  this  column. 

Table  42. — Total  peeled  volume,  in  cubic  feet,  of  southern  white  cedar  of  different 

diameters  and  heights  ^ 


Diameter 

breast  high 

(inches) 

Total  height-feet 

10 

20 

30 

40 

60 

60 

70 

80 

90 

100 

Basis 
(trees) 

Total  peeled  volume— cubic  feet 

0.07 

1 

0.03 
.11 

21 

2... 

.46 

0.32 

?6 

3 

—221 

.67 
1.2 

1.8 

—oT\ 

1.6 

2.4 

3.5 

5 

6 

8 

9 

20 

4 

.78 
1.2 
1.7 

'    2 
3 
4 
6 
8 
10 
12 
14 
16 
19 
22 
25 
28 

36 

5      

. 

25 

6 

2.6 
3.5 
6 
6 

7 

30 

7 

T 

9 
11 
14 
17 
20 
23 
26 
30 
34 
38 
43 
47 

8 

23 
27 
31 
35 
40 
45 

24 

8   

30 

9    

■"■  '15 
19 
22 
26 
31 
35 
40 
46 
51 
57 
63 
70 
77 
84 

24 

10 

26 

11 

11 
13 
15 
18 

28 

12 

30 
34 

33 
38 
44 
60 
67 
64 
71 
79 

26 

13 

21 

14 

' 40- 

45 
61 
57 
64 
71 
79 
87 
96 
103 
112 

11 

15     

9 

16 

13 

17 

32 
36 
40 
44 

6 

18 

50 
65 
61 
67 
74 
80 
87 
77 

6 

19.. 

9 

20 

52 
68 
63 
69 
76 
38 

— w 

96 
105 

8 

21 

3 

22 

3 

23     

92 
99 
46 

114 

124 

4 

24 

2 

Basis 

20 

33 

42 

44 

77 

— 2r 

4ce 

1  Volume  includes  stump,  stem,  and  top.  Block  indicates  extent  of  basic  data.  Basic  trees:  North  Caro- 
lina, Virginia,  248;  New  Jersey,  135;  Florida,  22.  Compiled  by  form  factor  method.  Average  percentage 
deviation  of  tree  volumes  from  table,  13.8  per  cent.    Aggregate  deviation,  tabular  volume,  0.03  per  cent  low. 
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Table  43. — Total  unpeeled  volume,  in  cubic  feet,  of  southern  white  cedar  of  different 

diameters  and  heights  ^ 


Diameter 

breast  high 

(inches) 

Total  height— feet 

10           20 

30 

40 

50      1      60 

70 

80 

«, 

100 

Basis 
(trees) 

Total  unpeeled  volume— cubic  feet 

1 

1 

0.05 
.15 

0.10 
.29 

21 

2 

1      0.44 

25 

3 

.29 

.59 

1.5 
2.3    , 

12 

20 

4 

1.52 
2.14 

2.0^ 
3.0 

r 

7 
9 
11 

3.8 

5.4 

7 

9 
11 
14 
17 
19 
22 
26 
29 
33 
36 
41 
45 
50 

36 

6     

25 

6 

3!!- 

4.3 
6 

7 
8 

7 

30 

7 

9 
11 
14 
17 
20 
23 
27 
31 
35 
39 
44 
49 
54 

10 
13 
16 
19 
23 
27 
31 
36 
41 
46 
51 

24 

8     

30 

g 

'■'18- 
22 
27 
31 
36 
41* 
47 
52 
58 
65 
72 
79 
87 
95 

24 

10 

26 

11 

■'■"13 
16 
18 
21 

28 

12 

35 
40 

39 
45 
51 
58 
66 
73 
81 
90 

26 

13 

21 

14 

46 
52 
59 
66 
73 
81 
89 
98 
107 
116 
126 

11 

15 

9 

16 

13 

17 

5 

18 

57 
63 
69 
76 
83 
90 
98 
77 

6 

19 

9 

20 

' — m- 

65 
71 
77 
84 
38 

99" 
108 
119 

8 

21 

3 

22 

3 

23 

' — loT 

112 
45 

129 

140 

4 

24 

2 

Basis 

20 

33 

42 

44 

77 

405 

1  Volume  includes  stump,  stem,  top,  and  bark.  Block  indicates  extent  of  basic  data.  Basic  trees:  North 
Carolina,  Virginia,  248;  New  Jersey,  135;  Florida,  22.  Compiled  by  form  factor  method.  Average  percent- 
age deviation  of  tree  volumes  from  table,  12.5  per  cent.  Aggregate  deviation,  tabular  volume,  1.07  per  cent 
low. 

Table  44. — Merchantable  unpeeled  volume,  in  standard  cords,  of  southern  white 
cedar  of  different  diameters  and  heights  ^ 


Total  height  of  tree— feet 

Converting 

Bark 

Diameter  breast 
high  (inches) 

20 

30 

40 

50 

60 

70 

80 

90 

100 

To  a 

6-inch 

top 

To- 
tan 

(per 
cent) 

Basis 
(trees) 

Volume— standard  cords » 

0.01  1 

002 

2.38 
1.27 
1.25 

1.22 
L18 
L15 
1.13 
LIO 
L08 
1.07 
1.06 
L06 
1.05 
1.05 
L04 
1.04 
1.03 
L03 
1.02 
L02 

20 
19 
18 
17 
16 
16 
15 
15 
14 
14 
14 
13 
13 
13 
12 
12 
12 
11 
11 
11 

5-. 

0.01 
.02 

o:'o2 

.04 
.05 
.07 
.08 
•  .10 
.12 
.14 

12 

6 

.04 

.06 
.08 
.10 
.13 
.15 
.18 
.21 
.24 
.27 
.31 

46 

7_ 

0."^ 
.10 
.13 
.15 
.18 
.22 
.25 
.29 
.33 
.37 
.41 
.46 
.50 

W 
.12 
.15 
.18 
.22 
.26 
.30 
.34 
.38 
.43 
.48 

4 

8 

.06 
.07 

0.687 
.835 
.890 
.920 
.939 
.952 
.962 
.969 
.975 
.980 
.984 
.987 
.990 
.992 
.993 
.993 
.994 

61 

9 

0.18 

1 

10 

.21 
.25 
.29 
.34 
.39 
.44 
.49 
.55 
.61 
.67 
.74 
.82 

47 

11 

8 

12 

0.33 
.38 
.43 
.49 
.55 
.61 
.68 
.76 
.84 
.92 

0.37 
.43 

.48 
.54 
.61 
.68 
.76 
.84 

40 

13 

.19 

26 

14 

4 

15 

1 

16 

22 

17 

.38 
.42 
.46 

2 

18 

[-531 
.59 
.65 
.72 
.79 
.86 
.94 

77 

11 

19 

1 

20 

.56 
.61 
.68 
.74 
.81 
38 

.93 
1.03 
1.  12 

10 

21 

6 

22 

.90 
.98 
L07 
45 

1.10 
1.20 
23 

2 

23 

L33 
4 

24 

Basis 



12 

21 

74 

294 

1  Converted  from  a  cubic  foot  volume  table  by  number  of  cubic  feet  per  standard  cord  for  each  d.  b.  h. 
class.  Basic  trees:  Virginia,  North  Carolina,  193;  New  Jersey,  79;  Florida,  22.  Block  indicates  extent 
of  basic  data. 

2  Volume  includes  wood  and  bark;  top  diameter  inside  bark,  4  inches;  stump  height,  1  foot.  A  standard 
cord  contains  128  cubic  feet  of  stacked  wood  or  the  equivalent  of  a  rick  4  feet  by  4  feet  by  8  feet. 

3  Volume  includes  stump,  stem,  top,  and  bark. 
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Table  45. — Number  of  cubic  feet  per  standard  stacked  cord  of  unpeeled  southern 
white  cedar  cordwood  bolts  ^ 


Diameter 

\ breast 

high 

(inches) 

Volume 

(wood 

and 

bark) 

Volume 
(wood 
only) 

Diameter 

breast 

high 

(inches) 

Volume 

(wood 

and 

bark) 

Volume 
(wood 
only) 

Diameter 

breast 

high 

(inches) 

Volume 

(wood 

and 

bark) 

Volume 
(wood 
only) 

1.. 

Cubicfeet 
50 
54 
65 
74 
80 
85 
88 
91 

Cubicfeet 
31 

36 

47 
58 
65 
71 
75 
79 

9 

Cubicfeet 
93 
95 
96 
98 
99 
100 
100 
101 

Cubicfeet 
81 
83 
84 
85 
86 
87 
88 
88 

17 

Cubicfeet 
101 
101 
102 
102 
102 
102 
102 
102 

Cubicfeet 
88 

2... 

10 

18 

3 

11 

19 

89 

4 

12 

20 

89 

5 

13 

21 

89 

6 

14 

22 

89 

7 

15 

23 

89 

8 

16 

24 

89 

1  A  standard  cord  contains  128  cubic  feet  of  stacked  wood,  or  the  equivalent  of  a  rick  4  by  4  by  8  feet. 
Weighted  average  length  of  bolt,  6.6  feet;  diameter  outside  bark  at  one-half  height  above  breast  height 
taken  as  the  diameter  of  the  average  bolt  in  tree.  Based  on  measurement  of  43.2  stacked  cords  by  C.  F. 
Korstian  and  Alfred  Akerman  in  Pasquotank  County,  N.  O.,  and  C.  F.  Korstian  and  A,  D,  LaMonte 
in  Atlantic  County,  N.  J, 


Table  46. 


■Number  of  southern  white  cedar  trees  per  standard  cord,  including 
entire  stem  with  bark 


Diameter 

breast 

high 

(inches) 

Total  height— feet 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Basis 
(trees) 

I 

vTumber  of  trees  per  stand 

ard  cord 

^ 

1 

1,000 

360  1 

500 

21 

2 - 

186 
f    110 

123 

25 

3... 

^22r 

74 
49 
35 

— 5T- 

37 
27 
19.8 
15.4 
12.5 
10.2 
8.6 

20 

4 

53 
39.7 

30 

21 

15.7 

12.4 
9.9 
8.2 
6.8 
5.8 
5.1 
4.4 
3.9 
3.4 
3.1 

36 

5 

25 

6 

26.6 
20.5 
16.5 
13.7 
11.4 

30 

7    ...    . 

10.2 
8.3 
6.8 
6.7 
4.8 
4.2 
3.7 
3.2 

.  2.9 
2.6 
2.3 
2.1 
1.9 

7.1 
5.8 
4.9 
4.2 
3.6 
3.2 
2.8 
2.5 
2.2 
2.0 

24 

8 



30 

9 

5.1 
4.3 
3.6 
3.2 
2.8 
2.4 
2.2 
1.9 
1.7 
1.6 
1.4 
1.3 
1.2 
1.1 

24 

10 

26 

11 

7.3 
6.3 
5.5 
4.9 

28 

12 

2.8 
2.5 

2.5 
2.2 
1.9 

1:^ 

1.4 
1.2 
1.1 

26 

13 

21 

14 

2.2 

1.9 

1.7 

1.5 

1.4 

1.3 

1.1 

1.0 
.95 
.88' 
.81 

11 

15 

9 

16 

13 

17 

2.8 
2.5 
2.3 
2.1 

5 

18 

L8 
L6 
1.5 
1.3 
1.2 
1.1 
L04 
77 

6 

19     . 

9 

20 

1.7 
1.6 
L4 
1.3 
1.2 
38 

1.0 

.94 
.86 

8 

21 

3 

22 

3 

23 

.99- 
.91 
45 

.73 
4 

24. 

2 

Trees 

20 

33 

42 

44 

77 

405 

1  A  standard  cord  contains  128  cubic  feet  of  stacked  wood,  or  the  equivalent  of  a  rick  4  by  4  by  8  feet. 
Block  indicates  extent  of  basic  observations.  Compiled  from  Table  49,  by  a  variable  converting  factor. 
Basic  trees;  North  Carolina,  Virginia,  248;  New  Jersey,  135;  Florida,  22. 
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Table  47. — Volume  of  bark  in  proportion  to  total  cubic  volume  of  entire  stem  with 

bark  ^ 


Diameter 

breast  high 

(inches) 

Bark 
volume 
percent- 
age of 
total 
volume 

Diameter 

breast  high 

(inches) 

Bark 
volume 
percent- 
age of 
total 
volume 

Diameter 

breast  high 

(inches) 

Bark 
volume 
percent- 
age of 
total 
volume 

Diameter 

breast  high 

(inches) 

Bark 
volume 
percent- 
age of 
total 
volume 

1 

Per  cent 
35.0 
27.3 
23.7 
21.2 
19.5 
18.4 

7 

Per  cent 
17.4 
16.7 
16.1 
15.5 
15.0 
14.5 

13 

Per  cent 
14.0 
13.7 
13.3 
12.9 
12.6 
12.3 

19... 

Per  cent 
12.0 

2 

8 

14 

20 

11.7 

3 

9 

15 

21... 

11.5 

4 

10 

16 

17 

22 .. 

11.3 

5 

11 

12             

23 

11.2 

6 

18 

24 

11.1 

1  Basic  trees;  North  Carolina,  Virginia,  248;  New  Jersey,  135;  Florida,  22. 
TAPER  AND  FORM  TABLES  » 

The  taper  or  form  of  second-growth  southern  white  cedar  trees  of  different 
diameters  and  heights  is  shown  in  Table  48.  This  table  gives  for  each  10-foot 
height  and  each  1-inch  d.  b.  h.  (measured  outside  bark) ,  the  diameter  inside  bark 
at  1-foot  intervals  from  the  ground  up  to  3  feet,  at  4.5  feet  (breast  height),  and  at 
10-foot  intervals  above  the  ground.  The  variation  in  the  taper  of  individual 
trees  is  great.  It  is  therefore  unsafe  to  assume,  for  example,  that,  because  a  tree 
12  inches  d.  b.  h.  will  on  the  average  yield  a  pole  of  specified  length  and  upper 
diameter,  a  fully  stocked  stand  containing  twenty  12-inch  trees  will  actually  yield 
20  such  poles  having  the  same  specifications.  When  the  number  of  specified 
size  classes  is  small  and  the  prices  offered  vary  widely,  the  use  of  taper  tables  in 
conjunction  with  stand  tables  in  estimating  linear  products  is  subject  to  serious 
error,  which  may  in  some  cases  amount  to  50  per  cent,  approximately  50  per  cent 
of  the  trees  being  above  the  average  and  50  per  cent  below  (8) .  When  there  is  a 
large  range  of  sizes  and  a  tree  which  fails  to  make  a  pole  of  one  class  may  fall  in 
the  next  smaller  class,  the  tables  can  be  used  with  less  error. 

The  form  factors  and  form  quotients  given  in  Table  49  will  also  be  useful  in 
determining  the  form  and  contents  of  southern  white  cedar  trees.  The  same 
is  also  true  of  the  bark  widths  for  different  diameters  given  in  Table  50. 

Table  48. — Diameters  inside  bark  at  intervals  above  the  ground  for  southern  white 
cedar  trees  of  different  diameters  and  heights  " 

30-FOOT  TREES 


Height  above  ground— 

feet 

Diameter  breast 
high  (inches) 

1 

2 

3 

4.5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Diameter  inside  bark— inches 

2 

1.9 
2.9 
4.0 
■  5.1 
6.2 
7.3 
8.4 
9.6 

1.8 
2.9 
3.9 
5.0 
6.0 
7.0 
8.0 
9.2 

1.8 
2.8 
3.8 
4.8 
5.8 
6.8 
7.7 
8.8 

1.8 
2.8 
3.7 
4.6 
5.6 
6.6 
7.4 
8.4 

L6 
2.5 
3.2 
3.9 
4.6 
5.4 
6.1 
6.9 

1.0 
1.3 
1.7 
2.0 
2.3 
2.7 
3.0 
3.3 

3 

4 

5 

6 

7 

8 

9 



«  Constructed  by  the  multiple-correlation  method.  Aggregate  deviation  of  basic  data  from  a  total 
cubic  volume  table  constructed  from  these  tables,  0.012  per  cent.  Basic  trees:  North  Carolina,  Virginia, 
248;  New  Jersey,  135;  Florida,  22. 

3  These  tables  were  prepared  by  R.  M.  Brown  and  L.  H.  Reineke  from  field  data  collected  by  C.  F. 
Korstian  in  cooperation  with  the  State  foresters  of  North  Carolina,  Virginia,  and  New  Jersey. 


72         TECHNICAL  BULLETIN  251,  U.  S.  DEPT.  OF  AGRICULTURE 

Table  48. — Diameters  inside  hark  at  intervals  above  the  ground  for  southern  white 
cedar  trees  of  different  diameters  and  heights — Continued 


40-FOOT  TREES 

Height  above  ground— feet 

Diameter  breast 
high  (inches) 

1 

2 

3 

4.5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Diameter  inside  bark — inches 

3 

2.9 

4.0 

5.1 

6.2 

7.3 

8.4 

9.6 

10.6 

11.7 

12.8 

13.9 

15.0 

2.9 
3.9 
4.9 
6.0 
7.0 
8.1 
9.2 
10.2 
11.1 
12.3 
13.3 
14.3 

2.8 
3.8 
4.8 
5.8 
6.8 
7.8 
8.9 
9.8 
10.7 
11.9 
12.8 
13.8 

2.8 
3.7 
4.6 
5.6 
6.5 
7.4 
8.4 
9.3 
10.2 
11.2 
12.1 
13.0 

2.6 
3.4 
4.1 
4.9 
5.7 
6.5 
7.2 
8.0 
8.8 
9.5 
10.4 
11.2 

2.2 
2.7 
3.3 
3.8 
4.3 
4.9 
5.5 
6.0 
6.6 
7.0 
7.6 
8.1 

1.5 
1.7 
2.0 
2.2 
2.4 
2.7 
2.9 
3.1 
3.4 
3.6 
3.8 
4.0 

4 

6 

6 

7-    

g 

9 

10 

11 

12 

13 

14 

50-FOOT  TREES 


4 

4.0 
5.1 
6.2 
7.3 
8.4 
9.6 
10.6 
11.7 
12.8 
13.9 
15.0 
16.2 
17.3 
18.5 
19.8 

3.9 
4.9 
6.0 
7.0 
8.0 
9.1 
10.2 
11.1 
12.2 
13.3 
14.4 
15.3 
16.5 
17.4 
18.6 

3.8 
4.8 
5.8 
6.8 

7.7 
8.8 
9.7 
10.7 
11.8 
12.8 
13.8 
14.7 
15.8 
16.7 
17.8 

3.7 
4.6 
5.6 
6.5 
7.4 
8.4 
9.3 
10.2 
11.2 
12.1 
13.0 
14.0 
14.9 
15.8 
16.8 

3.5 
4.2 
5.1 
5.8 
6.7 
7.5 
8.3 
9.1 
9.9 
10.6 
11.5 
12.3 
13.1 
13.9 
14.6 

3.1 
3.7 
4.4 
5.1 
5.7 
6.3 
7.0 
7.5 
8.2 
8.8 
9.5 
10.1 
10.8 
11.5 
12.1 

2.7 
3.1 
3.5 
3.9 

4.4 
4.8 
5.2 
5.5 
5.9 
6.4 
6.8 
7.2 
7.6 
8.0 
8.4 

1.8 
1.9 
2.1 
2.2 
2.4 
2.6 
2.8 
2.9 
3.1 
3.3 

5 

6                       

7 

8     -      

9 

10 

11 

12 

13                  -.     

14-    

3.4 
3.6 
3.8 
3.9 
4.1 

15 

16 

17-     

18                       

60-FOOT  TREES 


6     

5.1 
6.2 
7.3 
8.4 
9.6 
10.6 
11.7 
12.8 
13.9 
15.0 
16.2 
17.3 
18.5 
19.8 
21.0 
22.2 
23.4 
24.7 

4.9 

6.0 

7.0 

8.0 

9.2 

10.1 

11.  1 

12.2 

13.2 

14.3 

15.4 

16.4 

17.5 

18.7 

19.6 

20.7 

21.9 

23.0 

4.8 

5.8 

6.8 

7.8 

8.8 

9.8 

10.7 

11.7 

12.7 

13.7 

14.8 

15.7 

16.7 

17.8 

18.7 

19.7 

20.8 

21.7 

4.6 

5.6 

6.5 

7.4 

8.4 

9.3 

10.2 

■11.2 

12.1 

13.0 

14.0 

14.9 

15.8 

16.8 

17.7 

18.6 

19.6 

20.5 

4.3 
5.2 
6.0 
6.9 
7.6 
8.4 
9.2 
10.1 
10.9 
11.7 
12.4 
13.3 
14.1 
14.9 
15.8 
16.6 
17.4 
18.2 

4.1 
4.8 
5.5 
6.2 
6.9 
7.5 
8.2 
8.9 
9.6 
10.3 
11.0 
11.7 
12.4 
13.1 
13.8 
14.5 
15.2 
15.9 

3.8 
4.2 
4.8 
5.2 
5.8 
6.3 
6.8 
7.4 
7.9 
8.4 
8.9 
9.4 
9.9 
10.4 
11.0 
11.4 
12.0 
12.5 

3.2 
3.5 
3.8 
4.1 
4.5 
4.8 
5.1 
5.4 
5.7 
6.0 
6.3 
6.7 
7.0 
7.3 
7.6 
7.9 
8.2 
8.5 

2.0 
2.1 
2.3 
2.4 
2.5 
2.6 
2.8 
2.9 
3.0 
3.2 
3.3 

6 

7  

8 

9:::::: - 

10                           

11 

12                         

13"" 

14           

15 

16       

3.4 
3.5 

17 

18 

3.7 
3.8 
3.9 
4.1 
4.2 

19 

20 

21                           

22 

70-FOOT  TREES 


7                    -          -  . 

7.3 

8 

8.4 

9 

9.6 

10 

10.6 

11- 

11.7 

12 

12.8 

13 

13.9 

14 

15 

1.5.0 
16.  2 

16--  

17.3 

17 ..-. 

18 

18.5 
19.8 

19 

21.0 

20 

22  2 

21.- 

23.4 

22 

24.7 

7.9 
9.2 
10.1 
11.2 
12.2 
13.2 
14.1 
15.4 
16.3 
17.3 
18.4 
19.6 
20.4 
21.7 
22.6 


6.7 
7.6 
8.8 
9.7 
10.7 
11.8 
12.7 
1.3.6 
14.7 
15.6 
16.6 
17.6 
18.6 
19.5 
20.6 
21.6 


6.5 
7.4 
8.4 
9.3 
10.2 
11.2 
12.1 
13.0 
14.0 
14.  9 
1.5.8 
16.8 
17.7 
18.6 
19.6 
20.5 


6.0 
6.9 
7.7 
8.6 
9.4 
10.2 
11.1 
11.9 
12.7 
13.6 
14.4 
15.  3 
16.1 
16.9 
17.7 
18.6 


5.7 
6.4 
7.1 
7.9 
8.6 
9.3 
10.  1 
10.8 
11.5 
12.3 
13.0 
13.7 
14.4 
15.2 
15.9 
16.6 


5.3 
6.8 
6.5 
7.0 
7.6 
8.2 
8.8 
9.4 
10.0 
10.5 
11.  1 
11.7 
12.4 
12.9 
13.5 
14.1 


4.7 
5.1 
5.6 
6.0 
6.4 
6.8 
7.2 
7.7 
8.1 
8.5 
8.9 
9.4 
9.8 
10.2 
10.6 
11.1 


3.9 
4.1 
4.3 
4.6 
4.9 
5.2 
5.4 
5.7 
5.9 
6.2 
6.4 
6.7 
6.9 
7.2 
7.4 
7.7 


2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.  1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.9 
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Table  48.- 


-Diameters  inside  bark  at  intervals  above  the  ground  for  southern  white 
cedar  trees  of  different  diameters  and  heights — Continued 


80-FOOT  TREES 


Height  above  ground— 

feet 

Diameter  breast 
high  (inches) 

1 

2 

3 

4.5 

10 

20         30 

40 

60 

60 

70 

80 

90 

Diameter  inside  bark—inches 

9     

9.6 
10.6 
11.7 
12.8 
13.9 
15.0 
16.2 
17.3 
18.5 
19.8 
21.0 
22.2 
23.4 
24.7 
26.0 
27.3 

9.1 
10.1 
11.1 
12.2 
13.1 
14.1 
15.2 
16.2 
17.2 
18.4 
19.4 
20.3 
21.5 
22.6 
23.6 
24.5 

8.8 
9.7 
10.6 
11.7 
12  6 
13.5 
14.6 
15.5 
16.5 
17.6 
18.5 
19.4 
20.5 
21.5 
22.6 
23.4 

8.4 
9.3 
10.2 
11.2 
12.1 
13.0 
14.0 
14.9 
15.8 
16.8 
17.7 
18.6 
19.6 
20.5 
21.5 
22.4 

7.9 
8.7 
9.6 
10.4 
11.3 
12.1 
12.9 
13.9 
14.6 
l.S.  5 
16.4 
17.2 
18.0 
18.9 
19.8 
20.6 

7.4 
8.2 
8.9 
9.7 
10.4 
11.2 
11.9 
12.7 
13.5 
14.2 
14.9 
15.7 
16.4 
17.2 
17.9 
18.6 

6.9 
7.5 
8.2 
8.8 
9.4 
10.1 
10.7 
11.3 
12.0 
12.6 
13.2 
13.9 
14.5 
15.2 
15.8 
16.4 

6.3 

6.8 
7.3 
7.8 
8.3 
8.8 
9.3 
9.8 
10.3 
10.8 
11.3 
11.8 
12.3 
12.8 
13.4 
13.9 

5.6 
5.9 
6.2 
6.6 
6.9 
7.3 
7.6 
8.0 
8.4 
8.7 
9.1 
9.4 
9.8 
10.2 
10.5 
10.9 

4.3 
4.5 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.5 
6.7 
6.9 
7.1 
7.3 
7.5 

2.5 
2.6 
2.7 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 

10 

11.     

12                       .     

13 

14                  

15 

16       

17 

18       

19 

20 

21 

22 

23 

24 

90-FOOT  TREES 


12.8 

12.2 

11.7 

11.2 

10.5 

9.8 

9.2 

8.5 

7.7 

6.5 

4.9 

2.8 

13.9 

13.1 

12.6 

12.1 

11.5 

10.7 

9.9 

9.1 

8.1 

6.8 

6.1 

2.9 

15.0 

14.1 

13.6 

13.0 

12.2 

11.4 

10.5 

9.6 

8.6 

7.1 

5.2 

2.9 

16.2 

15.1 

14.6 

14.0 

13.1 

12.2 

11.2 

10.2 

9.0 

7.4 

5.4 

3.0 

17.3 

16.1 

15.5 

14.9 

14.0 

12.9 

11.9 

10.7 

9.4 

7.7 

6.6 

3.1 

18.5 

17.1 

16.4 

15.8 

14.8 

13.7 

12.6 

11.3 

9.8 

8.0 

5.8 

3.2 

19.8 

18.2 

17.5 

16.8 

15.7 

14.6 

13.2 

11.9 

10.3 

8.3 

5.9 

3.3 

21.0 

19.1 

18.4 

17.7 

16.6 

15.3 

13.9 

12.4 

10.7 

8.6 

6.1 

3.3 

22.2 

20.2 

19.4 

18.6 

17.4 

.6.0 

14.  5 

13.0 

11.2 

8.9 

6.3 

3.4 

23.4 

21.3 

20.4 

19.6 

18.2 

16.8 

15.3 

13.6 

11.6 

9.2 

6.6 

3.5 

24.7 

22.3 

21.4 

20.5 

19.1 

17.6 

16.0 

14.1 

12.0 

9.5 

6.7 

3.5 

26.0 

2:^.4 

22.4 

21.5 

20.0 

18.4 

16.6 

14.7 

12.5 

9.9 

6.8 

3.6 

27.3 

24.4 

23.3 

22.4 

20.8 

19.1 

17.3 

15.2 

12.9 

10.2 

7.0 

3.7 

100-FOOT  TREES 


12 

12.8 

12.0 

11.5 

11.2 

10.7 

10.1 

9.6 

9.0 

8.3 

7.6 

6.4 

4.8 

2.7 

13 

13.9 

13.0 

12.5 

12.1 

11.5 

10.9 

10.3 

9.5 

8.8 

8.0 

6.7 

4.9 

2.7 

14 

15.0 

14.0 

13.5 

13.0 

12.4 

11.6 

11.0 

10.2 

9.3 

8.4 

7.0 

6.1 

2.8 

15 

16.2 

15.1 

14.5 

14.0 

13.3 

12.4 

11.7 

10.8 

9.8 

8.8 

7.3 

5.2 

2.8 

16 

17.3 

16.1 

15.3 

14.9 

14.2 

13.2 

12.3 

11.4 

10.3 

9.1 

7.6 

5.4 

2.9 

17... 

18.5 

17.0 

16.  3 

15.8 

15.0 

14.0 

13.1 

12.0 

10.8 

9.5 

7.7 

5.5 

2.9 

18 

19.8 

18.2 

17.4 

16.8 

15.9 

14.8 

13.8 

12.6 

11.3 

9.9 

8.0 

5.7 

3.0 

19. 

21.1 

19.3 

18.4 

17.7 

16.7 

15.5 

14.6 

13.2 

11.8 

10.3 

8.2 

5.9 

3.1 

20 

22.2 

20.3 

19.4 

18.6 

17.6 

16.3 

15.2 

13.9 

12.3 

10.6 

8.6 

6.0 

3.1 

21 

23.4 

21.4 

20.5 

19.6 

18.5 

17.1 

15.9 

14.4 

12.8 

11.0 

8.8 

6.2 

3.2 

22 

24.7 

22.5 

21.4 

20.5 

19.4 

17.9 

16.6 

16.0 

13.3 

11.4 

9.1 

6.4 

3.3 

23 

26.0 

23.8 

22.4 

21.5 

20.2 

18.7 

17.3 

16.6 

13.8 

11.8 

9.3 

6.6 

3.4 

24 

27.3 

24.6 

23.2 

22.4 

21.1 

19.4 

18.0 

16.2 

14.3 

12.1 

9.6 

6.6 

3.5 
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Table  49. — Form  factors  and  form  quotients  for  southern  white  cedar  in  Virginiay 
North  Carolina,  New  Jersey,  and  Florida  ^ 


Diameter 

Form  factor  2 

Form 
quo- 
tient 3 
Inside 
bark 

Basis 
(trees) 

Diameter 

breast  high 

(inches) 

Form  factor  2 

Form 
quo- 
tient 3 
Inside 
bark 

breast  high 
(inches) 

Inside 
bark 

Outside 
bark 

Inside 
bark 

Outside 
bark 

Basis 
(trees) 

1 

1.150 
.970 
.914 
.897 
.890 
.881 
.872 
.865 
.858 
.850 
.842 
.837 
.830 

1.669 
1.335 
1.195 
1.148 
1.118 
1.092 
1.070 
1.050 
1.  032 
1.018 
1.002 
.988 
.973 

0.544 
.590 
.629 
.663 
.682 
.690 
.692 
.688 
.669 
.656 
.648 
.643 
.641 

21 
25 
20 
36 
25 
30 
24 
30 
24 
26 
28 
26 
21 

14 

0.823 
.819 
.815 
.810 
.808 
.803 
.801 
.799 
.797 
.793 
.790 

0.960 
.948 
.938 
.925 
.916 
.910 
.907 
.901 
.898 
.893 
.890 

0.640 
.638 
.636 
.634 
.631 
.627 
.624 
.620 
.617 
.613 
.609 

11 

2           

15 

9 

3 

16 

13 

4 

17 

5 

5-                -  - 

18 

6 

6 

19 

9 

7 

20 

21 

8 

8 

3 

9 

22 

3 

10 

23 

24 

11 

2 

12 

13..       

Total  . 

405 

1  The  form  factors  and  form  quotients  are  curved. 

2  Average  volume  of  tree  with  and  without  bark  divided  by  the  volume  of  a  paraboloid  of  the  same 
breast-high  diameter  outside  bark  and  same  total  height. 

3  Ratio  of  diameter  inside  bark  at  one-half  the  height  above  breast  height  to  the  breast-high  diameter 
inside  bark. 

Table  50. — Bark  thickness  in  southern  white  cedar  ^ 


Diameter, 

outside  bark 

(inches) 

Single 

thickness 

of  bark 

Diameter, 

outside  bark 

(inches) 

Single 

thickness 

of  bark 

Diameter, 

outside  bark 

(inches) 

Single 

thickness 

of  bark 

Diameter, 

outside  bark 

(inches) 

Single 
thickness 
of  bark 

1 

Inches 
0.11 
.15 
.19 
.22 
.25 
.28 
.31 
.34 

9 

Inches 
0.37 
.40 
.42 
.45 
.47 
.50 
.53 
.55 

17 -. 

Inches 
0.58 
.61 
.64 
.66 
.69 
.72 
.75 
.77 

25 

Inches 
0.80 

2 

10 

11 

12 

18 

26 

.83 

3 

19 

20 

21 

27 

.85 

4 

28 

.88 

5 

13 

14 

29 

.91 

6 

22 

30 

.94 

7 

15 

23 

8 

16 

24 

1  This  table  shows  the  thickness  of  bark,  on  radial  sections  of  various  diameters,  for  southern  white 
cedar  throughout  its  range.  Based  on  3,426  measurements  on  469  trees  in  southeastern  New  Jersey,  south- 
eastern Virginia,  eastern  North  Carolina,  Darlington  County,  S.  C,  Calhoun  County,  Fla.,  Escambia 
County,  Ala.,  and  Pearl  River  County,  Miss. 
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INTRODUCTION 

Among  the  insect  enemies  of  Citrus  which  have  not  thus  far 
gained  a  foothold  in  the  United  States  are  the  leaf  miners  endemic 
to  various  parts  of  the  Far  East.  The  writer  has  had  the  oppor- 
tunity of  observing  the  more  common  one  of  these,  a  moth,  Phyl- 
locnistis  citrella  Stainton,  in  Japan,  Taiwan  (Formosa),  China, 
India,  and  several  other  countries ;  and  in  Assam,  India,  he  observed 
a  coleopterous  miner,  Throscoryssa  citri  Maulik,  previously  unknown 
as  a  citrus  pest  and  at  the  time  undescribed.  A  general  account  of 
the  work  of  these  two  species  is  given  in  this  bulletin  with  directions 
for  distinguishing  between  the  infestations  wherever  they  may  be 
encountered. 

PHYLLOCNISTIS  CITRELLA  STAINTON 

The  common  citrus  leaf  miner  of  the  Far  East,  which  is  found  in 
greater  or  less  numbers  on  nearly  every  tree,  is  the  minute  lepi- 
dopteran  Phyllocnistis  citrella^  This  species  occurs  in  abundance  in 
Japan,  China,  Taiwan,  Siam,  the  Federated  Malay  States,  and 
India,  and  is  also  recorded  from  the  Philippine  Islands,  Dutch  East 
Indies,  Burma,  Ceylon,  and  Australia,  and  at  Cape  Town,  South 
Africa.  In  Australia  and  South  Africa  it  is  apparently  an  intro- 
duction of  relatively  recent  years. 
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The  Japanese  form  has  heretofore  been  recorded  as  Phyllocnistis 
saligna  ZelL,  and  was  so  listed  by  the  writer  in  a  previous  paper  {3).^ 
Lithocolletis  citricola  Shir.  (7^,  p.  89;  17^  p.  380)^  described  origi- 
nally from  Taiwan,  is  now  stated  by  Doctor  Shiraki  to  be  synony- 
mous with  P.  citrella. 

A  comparative  study  was  made  by  the  writer  of  the  larval  and 
pupal  characters  of  specimens  from  Japan,  China,  and  India,  and 
no  basis  for  distinguishing  between  them  could  be  found.  Speci- 
mens of  adults  from  Japan  and  India  were  forwarded  to  the  Bu- 
reau of  Entomology  and  examined  by  August  Busck,  who  has  de- 
clared them  to  be  identical.     S.    Matsumura    of  the  Hokkaido  Im- 


FiGURE  1. — Phi/llocnistis  citrella:  A,  Orange  leaf  showing  the  characteristic  serpentine 
mine  made  by  the  larva ;  B,  twig  with  the  leaves  curled  owing  to  attack  by  this  insect 

perial  University  has  recently  expressed  the  same  opinion,  and 
T.  Bainbrigge  Fletcher,  Imperial  entomologist  of  India,  has,  in 
correspondence,  called  attention  to  the  fact  that  the  Japanese  form 
is  the  same  as  that  found  in  India,  and  that  the  true  P.  saligna 
ZelL  is  restricted  in  distribution  to  northern  and  central  Europe, 
and  to  host  plants  other  than  citrus.  It  therefore  appears  that 
only  a  single  species  of  Phyllocnistis,  the  one  here  treated,  is  involved 
in  the  attack  upon  Citrus  in  the  various  countries  of  the  Far  East. 

FOOD  PLANTS 

Although  Citrus  is  the  principal  food  plant  of  P.  citrella  this 
insect  is  said  to  occur  also  upon  a  number  of  other  hosts.  Kurisaki 
(9)  lists  it  upon  willow  in  Japan;  and  in  India,  Fletcher  (^)  men- 
tions it  as  mining  the  leaves  of  Aegle  TnarnieJos^  Murray  a  koenigii^ 
and  Jasminium  sanihac.     Reinking  and  Groff   (i^,  p.  Ji26)   record 

1  Italic  numbers  in  parentheses  refer  tp  Literature  Cited,  p.  12, 
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it  upon  Loranthus  in  the  Philippine  Islands,  and  Sasscer  (16)  re- 
ports it  as  taken  at  quarantine  upon  iVtalantia  nursery  stock  from 
those  islands.  In  Siam  it  occurs  very  commonly  upon  the  various 
species  of  Loranthus  which  attack  Citrus. 

The  injury  to  citrus  trees  by  PhyJlocnistis  citrella  is  due  to  the 
mining  of  the  leaves  by  the  larvae,  which  results  in  the  killing  of  con- 
siderable quantities  of  tissue.  These  mines  may  also  be  found  at 
times  on  the  young  growing  shoots.  Typical  examples  of  injury 
are  illustrated  in  Figure  1  in  which  is  shown  the  mine  itself  ^nd 
the  resultant  curling  of  the  leaves  similar  to  that  caused  by  aphids. 
When  the  number  of  mines  becomes  excessive  and  practically  every 
leaf  is  attacked,  as  is  often  the  case  with  nursery  trees,  the  injury 
results  in  the  stopping  of  the  growth  of  the  young  shoots  and  im- 
proper functioning  of  the  leaves,  though  seldom  causing  the  death 
of  the  tree.  The  most  serious  attacks  by  this  species  were  observed 
in  the  Federated  Malay  States  where  practically  every  leaf,  particu- 


Figure  2. — PhyllocnisUs  citrella:  Adult  female.      X  25 

larly  of  the  younger  trees,  contained  several  larvae.  The  mines  are 
reported  by  Hill  (7,  p.  7)  and  Kurisaki  (5,  9)  to  serve  as  points  of 
infection  by  citrus  canker  {Pseudomonas  citri  Hasse). 

LIFE  HISTORY  AND  HABITS 

Under  summer  conditions  a  generation  of  this  minute  moth  may 
be  produced  in  six  weeks,  so  the  potential  rate  of  increase  is  very 
great.  Most  of  the  injury,  however,  is  inflicted  by  the  first  two 
generations  in  the  spring.  This  species  passes  the  winter  solely  in 
the  adult  stage  (fig.  2),  a  habit  uniform  in  the  genus. 

According  to  Kurisaki  {9)  approximately  six  generations  are 
produced  each  year  in  southern  Japan.  The  Oigg^  larval,  and  pupal 
periods  cover  9,  20,  and  9  days,  respectively,  at  Wakayama.  In 
the  district  around  Wakayama  about  60  per  cent  of  the  larvae  and 
pupae  are  parasitized  by  Chalcidoidea,  the  summer  and  fall  genera- 
tions being  the  most  heavily  attacked.  At  Yokohama  the  percentage 
of  parasitisim  observed  by  the  writer  in  1923  and  1928  was  consid- 
erably below  this  figure,  in  fact  less  than  1  per  cent  of  the  generation 
reaching  maturity  at  the  end  of  July,  1928,  was  attacked. 


The  egg,  which  is  0.27  mm.  in  length,  flat,  and  without  sculptur- 
ing or  covering,  is  laid  near  the  midrib  on  the  lower  side  of  the 
leaf.  The  young  larva  enters  the  leaf  immediately  upon  hatching 
and  begins  the  formation  of  the  characteristic  serpentine  mine.  This 
is  always  continuous;  and  the  larva,  unlike  that  of  Throscoryssa 


B 


i-^^ 


Figure  3. — Larval  and  pupal  forms  and  parts  of  rjujllocnistis  citrella:  A.  Final  larval 
stage,  dorsal  view,  X  25  ;  B,  prepupa,  dorsal  view,  X  30  ;  C,  male  pupa,  ventral 
view,  X  30;  D,  female  pupa,  ventral  view,  X  30 ;  E,  mandible  of  final  larval 
stage,  ventral  view  ;  F,  head  prong  of-  pupa,  lateral  view 

citri,  never  leaves  the  mine  to  form  another.  Feeding  is  restricted 
to  the  sap  derived  from  the  epidermal  and  adjacent  layers  of  cells, 
and  the  glistening,  transparent  covering  which  remains  clearly  re- 
veals the  larva  feeding  beneath.  There  is  no  ingestion  of  leaf  tissue 
by  any  of  the  larval  stages. 
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The  placement  of  the  egg  and  the  formation  of  the  mine  on  the 
lower  surface  of  the  leaf  is  the  normal  habit  as  noted  in  Japan 
and  Assam.  Recent  observations  in  Siam  and  other  tropical  regions, 
however,  have  shown  that  in  these  latter  the  greater  part  of  the 
mines  are  found  on  the  upper  leaf  surface,  and  this  seems  to  hold 
true  in  all  humid,  tropical  regions.  In  his  account  of  the  species  in 
India,  Fletcher  (^)  gives  this  as  the  normal  position. 

The  larval  stages  are  similar  in  form,  though  the  head  and 
thoracic  segments  of  the  earlier  stages  are  proportionately  larger. 
Presumably  there  are  four  feeding  stages,  though  this  has  not  been 
determined  with  certainty.  The  mature  feeding  larva  (fig.  3,  A), 
by  a  regular  contraction  and  expansion  of  the  body,  is  capable  of 
movement  w^ithin  the  mine  only  backwards  and  forwards,  and  when 
removed  from  the  mine  it  is  unable  to  accomplish  any  ordered  loco- 
motion. 

At  the  point  where  feeding  has  ceased  the  epidermis  of  the  leaf 
and  the  opposing  layer  of  tissue  are  forced  apart,  to  a  greater  extent 
than  has  been  previously  the  case,  by  an  arching  of  the  body  of  the 
larva  in  conjunction  with  a  rolling  motion.  On  a  flat  surface  this 
rolling  from  side  to  side,  which  may  be  done  very  rapidly,  is  the 
only  mode  of  locomotion  of  which  the  prepupa  is  capable.  No  feed- 
ing takes  place  in  the  prepupal  stage  (fig.  3,  B),  and  the  mouth 
parts  are  designed  specially  for  the  formation  of  the  pupal  chamber 
and  the  lining  of  it  with  a  thin  web  of  silk.  The  pupation  cell  is 
usually  placed  at  the  margin  of  the  leaf,  the  edge  being  drawn  over 
so  that  three  sides  are  formed  of  fresh  leaf  tissue  and  the  fourth  by 
the  thin  laijev  of  dermal  tissue  and  the  whole  lined  with  a  delicate 
layer  of  silk.  The  exposed  portion  often  has  a  distinct  orange 
color.  The  male  and  female  forms  of  pupa  are  shown  in  Figure  3, 
C  and  D. 

Just  prior  to  the  time  of  emergence  of  the  adult  moth  the  pupa 
makes  an  opening  at  the  anterior  end  of  its  chamber  and  forces 
its  body  partly  out  through  this  opening.  This  is  effected  by  means 
of  the  stout  curved  prong  upon  the  head  (fig.  3,  F),  assisted  by  the 
heavy  spines  on  the  dorsum  of  the  abdomen.  (Fig.  4.)  The  cast 
skin  is  left  in  the  above-described  position  after  the  emergence  of 
the  adult. 

Emergence  takes  place  largely  during  the  early  morning  hours. 
The  adults  are  nocturnal  in  habit  and  even  in  the  case  of  a  heavy 
infestation  are  almost  never  seen  in  the  field.  AYhen  confined  under 
laboratory  conditions  they  mate  shortly  after  emergence  and  within 
six  days  begin  oviposition  upon  the  young  foliage.  The  eggs  are 
laid  principally  between  7  and  10  p.  ni.  and  to  a  lesser  extent  in 
the  early  morning. 

THROSCORYSSA  CITRI  MAULIK 

In  the  early  spring  of  1925  the  writer  noted  at  Shillong,  Assam, 
India,  several  orange  trees  heavily  attacked  by  a  leaf  miner,  the 
tunnels  of  which  seemed  to  differ  somewhat  from  those  commonly 
seen  upon  Citrus  in  other  parts  of  the  East,  and  which  are  produced 
by  the  lepidopteran  PhyiloGnistis  citrella.  A  closer  examination 
showed  that  the  larvae  forming  them  were  coleopterous,  and  adults 
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were  later  secured  from  isolated  individuals.  These  proved  to  belong 
with  the  halticid  beetles,  and  specimens  forwarded  to  the  British 
Museum  through  the  Bureau  of  Entomology  were  examined  by  S. 
Maulik  {10)  and  described  by  him  as  a  new  genus  and  species  under 
the  name  of  Throscoryssa  citH.  The  fact  that  this  species  was  not 
represented  in  the  collection  of  the  Agricultural  Kesearch  Institute 
at  Pusa  would  indicate  that  it  is  not  of  general  occurrence. 

Observations  were  continued  during  the  following  two  years  to 
determine  the  method  of  attack  and  the  status  of  the  species  as  a 
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Figure  4. — Arrangement  of  spines  on  pupae  of  Phyl- 
locnistis  citrella :  A,  Spine  arrangement  on  dorsum 
of  male  pupa ;  B,  spines  on  dorsum  of  female  pupa 


Citrus  pest.  The  foliage  of  some  of  the  injured  trees  was  almost 
entirely  destroyed  each  year  by  the  end  of  the  larval  feeding  period, 
which  was  reached  about  the  end  of  May.  Owing  to  the  fact  that 
this  beetle  seems  capable  of  becoming  a  pest  of  major  importance 
under  favorable  conditions,  it  has  been  felt  desirable  to  publish  the 
available  data  regarding  it.  It  has  been  found  only  in  the  Khasi 
and  Naga  Hills  of  Assam,  and  in  these  sections  only  locally.  It 
appears  to  be  an  endemic  species  which  has  transferred  its  attacks 
from  the  wild  varieties  of  Citrus  to  the  cultivated  forms.  Citrus  is 
grown  only  incidentally  in  these  hills,  however,  as  the  temperature 
at  elevations  of  4,500  feet  or  more  is  too  low  for  the  commercial  pro- 
duction of  these  fruits.  No  infestations  could  be  found  at  the  lower 
levels  with  temperatures  comparable  to  the  subtropical  conditions, 
where  the  native  orange  is  extensively  grown. 
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LIFE    HISTORY 

In  the  localities  where  Throscoryssa  eitri  was  observed  only  a 
single  generation  is  produced  each  year.  The  adult  stage  (fig.  5) 
is  attained  about  the  end  of  May,  and  the  beetles  feed  for  a  period 
of  about  one  week,  after  which  they  disappear  entirely  from  the 
trees.  The  summer,  fall,  and  winter  are  passed  in  hiding  in  sheltered 
places  such  as  rubbish  heaps,  weeds,  under  stones,  and  in  the  soil. 
Not  a  single  one  has  thus  far  been  found  developing  upon  alternate 
host  plants  during  this 
period.  Emergence 
from  hibernation  takes 
place  about  the  middle 
of  March,  and  feed- 
ing begins  immediately 
upon  the  newly  devel- 
oping Citrus  foliage. 

THE   EGG 

Oviposition  begins 
from  7  to  10  days  after 
the  commencement  of 
feeding  in  the  spring. 
The  eggs  are  placed 
largely  upon  the  lower 
sides  of  the  new  leaves, 
which  at  this  time  are 
about  one  inch  in 
length.  As  many  as 
39  have  been  found 
upon  a  single  leaf  in 
the  field.    Oviposition 

continues  for  approxi-        ^^^^^  5._T„ro,«,n,,,a  am :  Adult  female,  x  20 
mately  three  weeks,  and 

practically  all  beetles  have  disappeared  from  the  trees  by  April  25. 
No  complete  oviposition  records  were  secured,  though  1  female  in 
captivity  deposited  49  eggs  in  6  days. 

The  egg  (fig.  6,  A)  of  Throsco7yssa  citri  is  0.75  mm.  long,  broadly 
oval,  and  yellowish.  The  entire  portion  not  in  contact  with  the 
leaf  surface  is  covered  with  a  white,  waxy  incrustation  having 
reticulate  surface  markings.  This  incrustation  extends  slightly  over 
the  leaf  surface  around  the  margin  of  the  egg  and  is  most  pro- 
nounced anteriorly.  The  egg^  with  the  exception  of  the  anterior 
end,  is  also  covered  with  a  heavy,  irregular  mass  of  brownish- 
colored  excrementitious  material.  In  the  early  part  of  the  season, 
when  there  is  little  rain  and  the  atmospheric  humidity  is  low,  this 
covering  dries  out  to  a  considerable  extent  and  becomes  semitrans- 
parent.  Later,  during  the  early  part  of  the  rainy  season,  a  fungus 
develops  extensively  in  this  covering,  and  the  mycelium  may  entirely 
envelop  the  egg:  So  far  as  known  this  fungus  exerts  no  detrimental 
effect.  During  this  damp  period  the  original  color  of  the  covering 
is  greenish  rather  than  brown.  Hatching  is  effected  by  a  trans- 
verse break  in  the  egg  chorion  at  the  anterior  end,  and  emergence 
is  facilitated  by  the  heavy  mandibles  of  the  young  larva. 
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THE  LARVAL   STAGES 


The  newly  hatched  larva  wanders  about  the  leaf  surface  for 
some  time  before  effecting  entrance,  and  the  point  finally  selected 
is  always  on  the  lower  surface.  Burrowing  about  in  the  leaf  tissue 
may  be  continuous  for  several  days,  and  in  such  case  the  mine  is 
serpentine  in  form  and  superficially  similar  to  that  of  Phyllocnistis 
citrella.  The  continuation  of  this  mine  for  any  length  of  time, 
however,  is  unusual,  and  as  the  larva  develops  it  frequently  emerges 
from  its  mine,  wanders  about  the  leaf  for  a  time,  and  then  begins 
mining  at  another  point,  which  may  be  on  the  same,  or  on  another 
leaf.  Emergence  is  always  effected  through  the  leaf  epidermis 
on  the  upper  side,  whereas  reentrance  invariably  takes  place  through 
the  lower  side.     This  wandering  about  the  foliage  takes  place  largely 


Figure  G. — Immature  stages  of  Throscoryssa  citri:  A,  Egg,  showing  waxy  incrustation 
and  the  larger  part  covered  by  excrementitious  material,  X  70  ;  B,  third-stage  larva, 
dorsal  view,  X16;  C,  anterior  and  posterior  views  of  mandibles  of  third-stage 
larva,   X    180  ;  I),  ventral  view  of  pupa,    X   25 

during  the  night  and  early  morning  hours  when  the  atmospheric 
humidity  is  high  and  some  moisture  is  present  on  the  leaf.  The 
formation  of  a  new  mine  is  always  begun  not  later  than  10  a.  m. 
Feeding  by  the  larva  of  this  halticid  is  of  a  much  grosser  nature 
than  is  that  of  Phyllocnistis.  The  entire  leaf  tissue  between  the 
upper  and  lower  epidermal  layers  is  eaten  away ;  whereas  the  latter 
insect  makes  only  a  very  delicate  mine  beneath  the  lower  epidermis, 
and  no  tissue  is  consumed.  The  larva  of  Throscoryssa  citri  is  able  to 
cut  through  the  lateral  leaf  veins  without  difficulty ;  and  at  times  even 
the  midrib  may  be  crossed,  in  which  case  the  distal  portion  of  the 
leaf  immediately  dies.  The  affected  leaves  take  on  a  yellowish  color 
and,  when  the  attack  is  heavy,  fall  from  the  tree.  A  single  larva 
during  its  feeding  period  is  capable  of  mining  approximately  1 
square  inch  of  leaf  tissue,  and  when  there  are  very  many  larvae 
present  the  quantity  of  foliage  consumed  is  considerable.  The 
growth  of  the  trees  attacked  is  to  a  large  extent  prevented,  as  the 
young  leaves  are  destroyed  very  soon  after  being  formed. 
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The  larval  excrement  occurs  as  a  continuous,  heavy  black  line  at 
the  middle  of  the  burrow.  In  the  case  of  the  early-developing  indi- 
viduals this  material  soon  dries  out,  but  in  the  mines  of  those 
developing  in  the  later  part  of  the  season  after  the  rains  have  be- 
gun, extensive  decay  sets  in,  with  an  abundant  development  of  fun- 
gus, which  has  a  damaging  effect  upon  the  surrounding  leaf  tissues. 

PUPATION 

When  through  feeding  upon  the  foliage  the  larva,  now  completing 
the  third  instar  (fig.  6,  B),  emerges  from  its  mine,  wanders  about  the 
leaf  surface  for  a  time,  and  then  drops  to  the  ground.  It  enters  the 
soil,  usually  to  a  depth  of  about  1  inch,  and  there  forms  its  pupation 
cell.  This  cell  is  oval  with  walls  composed  of  soil  particles  appar- 
ently lightly  cemented  together.  A  period  of  about  one  week  elapses 
before  transformation  to  the  pupal  stage  (fig.  6,  D).  which  lasts 
from  10  to  12  days. 

HABITS    OF    THE    ADULT 

Several  days  are  passed  by  the  newly  transformed  adult  beetle  in 
the  pupal  cell  in  the  soil,  after  which  it  emerges  and  immediately 
begins  feeding  upon  the  young  foliage.  The  beetles  are  apparently 
somewhat  gregarious  and  assemble  in  considerable  numbers  upon 
certain  leaves.  This,  however,  may  be  due  to  some  preference  for 
these  leaves  for  feeding  rather  than  to  any  inclination  to  congregate. 
The  night  is  passed  in  the  soil  or  among  the  weeds  beneath  the  tree. 
The  beetles  emerge  early  in  the  morning  and  continue  feeding  until 
shortly  after  noon.  The  feeding  by  the  adult  is  characteristic  in 
that  small,  irregular  portions  are  eaten  from  the  leaf  margin  of 
young  foliage,  whereas  of  older  leaves  only  the  tissue  of  the  lower- 
surface  is  consumed,  and  this  in  irregular  patches.  The  upper  epi- 
dermal layer  of  cells  remains  but  later  dies.  Numerous  pellets  of 
excrement  are  left  around  and  upon  these  eaten  areas. 

DURATION    OF    THE    STAGES 

Observation  as  to  the  length  of  time  required  for  development 
through  the  various  stages  showed  that  from  8  to  9  days  are  required 
for  the  incubation  of  the  eggj  from  17  to  19  days  cover  the  entire 
larval  stage,  of  which  only  10  or  12  are  devoted  to  feeding,  7  days 
being  spent  in  the  soil  preparatory  to  pupation;  and  finally  from 
10  to  12  days  are  passed  in  the  pupal  stage.  Thus  from  35  to  40 
days  cover  the  entire  period  of  development  from  the  egg  to  the 
adult.  A  week  or  more  may  be  spent  by  the  newly  transformed 
adult  in  the  pupal  cell  before  it  emerges.  Following  this  a  feeding 
period  of  about  one  week  ensues,  after  which  hibernation  is  begun 
without  oviposition  having  taken  place.  The  last  of  the  beetles  are 
seen  upon  the  trees  about  the  first  week  in  June. 

PARASITES 

Two  species  of  Hymenoptera  were  found  parasitic  upon  the  larvae 
of  Throscoryssa  citri  at  Shillong.  One  of  these,  a  braconid,  was 
very  abundant  upon  the  foliage  containing  the  miners,  and  oviposi- 
tion through  the  leaf  epidermis  into  the  host  larvae  beneath  was 
frequently  observed.     One  female  in  the  field  deposited  six  eggs 
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within  a  period  of  one  minute.  One  hundred  mature  larvae,  taken 
from  their  cells  in  the  soil,  were  dissected  to  determine  the  extent  of 
parasitism.  Fifteen  of  these  w^ere  found  to  contain  living  braconid 
la'rvae  in  their  early  stages,  and  32  revealed  encysted  eggs.  It  would 
appear  that  the  parasite  is  either  not  well  adapted  to  this  host  or  that 
the  eggs  which  became  encysted  were  deposited  too  late  to  escape 
the  phagocytic  action  set  up  as  histolysis  incident  to  pupation  of 
the  host  progressed.  The  primary  larva  of  this  braconid  is  of  the 
usual  form,  the  caudal  segment  of  the  body  being  prolonged  into  a 
taillike  respirator}^  organ. 

The  second  species  of  larval  parasite,  a  chalcidoid,  was  found  to 
attack  the  early-stage  larvae  in  the  mines.  Death  of  the  host  takes 
place  in  situ,  and  the  entire  contents  of  the  body  are  consumed. 
Pupation  takes  place  within  the  dried  and  darkened  skin  of  the  host. 

LITERATURE  ON  LEAF-MINING  CHRYSOMELIDAE 

The  great  majority  of  the  Chrysomelidae  feed  in  the  larval  stage 
externally  upon  the  leaves  or  roots  of  various  plants.  Others  burrow 
in  the  roots  and  a  relatively  few  in  the  leaves.  Among  the  latter 
are  included  species  of  the  halticine  genera  Chaetocnema,  Epitrix, 
Dibola,  Hippuriphila,  Mantura,  Mniophila,  and  Phyllotreta,  ac- 
cording to  the  lists  given  by  Frost  (6)  and  Needham,  Frost,  ^tnd 
Tothill  {11,  p.  182).  Argopus,  Argopistes,  and  Sphaeroderma  are 
also  reported  to  have  the  same  habit. 

Reed  {13)  has  recently  published  an  extended  account  of  the 
biology  of  Dibolia  horealis  Che  v.-,  in  which  the  life  history  is  given 
in  detail,  and  the  various  stages  are  figured.  Hippuriphila  modeeri 
(L.)*was  reared  by  Frost  from  the  leaves  of  certain  species  of 
Rumex,  this  being  the  only  feeding  record  for  the  genus.  Mniophila 
muscoTUTn  Koch,  a  European  species,  mines  the  leaves  of  Plantago, 
Teucrium,  and  Digitalis.  Chittenden  {2),  in  his  account  of  the 
habits  of  Phyllotreta,  lists  ziimnernianni  Crotch,  liehecki  Schaef., 
oregonensis  Crotch,  and  aeneicoUis  Crotch  as  having  the  leaf -mining 
habit,  and  Frost  adds  to  this  list  chalyheipennis  (Crotch.),  nemoruin 
L.,  and  vittula  Redt.  The  greater  part  of  the  ^ecies  of  this  genus 
feed  at  the  roots  rather  than  in  the  leaves.  The  food  plants  of  many 
Halticidae  are  listed  by  Beutenmiiller  {!). 

The  life  histories  of  all  the  leaf-mining  flea  beetles  are  practi- 
cally identical,  there  being  usually  a  single  generation  each  year 
(though  some  species  have  two  or  three)  with  the  adults  hibernating 
during  the  winter,  emerging  in  the  spring  or  early  summer,  and 
passing  through  the  immature  stages  in  a  period  of  from  three  to 
six  weeks.     Pupation  takes  place  in  the  soil. 

In  his  general  account  of  the  habits  of  Phyllotreta  zimmermanni 
Riley  {15)  states  that  the  eggs  are  deposited  along  the  midrib  on 
the  upper  surface  of  the  leaves  of  Lepidium  and  that  the  larvae 
enter  from  the  lower  side.  As  development  proceeds  the  larva  may 
leave  its  mine  without  apparent  reason  and  reenter  the  leaf  at  another 
point,  or  go  to  a- new  leaf. 

In  Reed's  account  of  Dlholia  horealis  the  life  history  and  habits 
as  given  correspond  quite  closely  to  those  of  Throscoryssa  citri. 
The  Q^g  has  a  protective  or  concealing  covering  of  excrementitious 
material,  though  no  mention  is  made  of  a  waxy  incrustation  on  its 
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surface.  The  excrementitious  covering  is  found  also  in  species  of 
Altica  but  more  lightly  and  in  the  form  of  streaks,  though  even  this 
is  usually  lacking  in  the  case  of  A.  himai^ginata  Say  {18).  In  habit 
D.  horealls  differs  from  T,  citri  in  that  the  egg  is  deposited  in  a 
depression  in  the  leaf  tissue  eaten  away  by  the  female  beetle,  and, 
though  the  mine  is  usually  continuous  for  the  entire  feeding  period, 
when  a  larva  leaves  the  mine  and  reenters  the  leaf  it  makes  a  trans- 
verse slit  in  the  upper  epidermis  and  through  this  gradually  works 
its  way  into  the  interior.  The  larval  stages  as  figured  bear  a  strong 
resemblance  to  those  of  T.  citm. 

In  his  account  of  convergent  development  in  leaf -mining  insects 
Frost  (6)  discusses  the  origin  of  this  habit  in  the  various  orders, 
and  states  that  the  habit  of  leaving  the  mine  and  reentering  the  same 
or  another  leaf  is  one  of  the  means  of  avoiding  the  accumulating 
frass  in  the  mine,  though  the  habit  probably  originated  through 
the  need  for  fresh  food  rather  than  for  the  reason  given.  He  states, 
however,  that  this  method  of  disposing  of  the  frass  is  developed 
only  occasionally  in  the  Diptera  Lepidoptera,  and  Hymenoptera, 
and  not  at  all  in  the  Coleoptera. 

MEANS    OF    DISTINGUISHING    BETWEEN    INFESTATIONS    OF 
THROSCORYSSA    CITRI    AND    PHYLLOCNISTIS    CITRELLA 

AYliile  Thoscoryssa  citri  is  known  to  occur  only  in  a  very  limited 
area  in  India  as  compared  with  the  general  distribution  of  PhyJ- 
locnistis  citrella^  throughout  the  Far  East  it  is  desirable  that  ready 
means  of  distinguishing  between  the  infestations  in  the  field  should 
be  known. 

The  mine  of  P.  citrella  is  serpentine  and  continuous  from  the  point 
of  entry  of  the  newly  hatched  larva  to  the  pupation  cell,  and  the  cast 
pupal  skin  remains  partially  extruded  from  this  cell  after  the  emer- 
gence of  the  adult.  In  contrast  to  this  the  mine  of  T.  citi%  is  irregu- 
lar and  broken,  and  with  the  entrance  and  exit  holes  distinct.  Feed- 
ing is  much  more  extensive  and  all  the  leaf  tissue  between  the  two 
epidermal  layers  is  eaten,  the  larva  therefore  being  visible  in  the 
mine  from  both  sides  of  the  leaf.  Decay  of  the  leaf  frequently  fol- 
lows, which  very  seldom  results  from  the  feeding  of  Phyllocnistis. 
The  epidermal  layers  often  fall  away  following  this  decay,  thus 
producing  linear  holes  in  the  leaf  or  dead  areas  at  the  margins. 

Infestations  of  T .  citri  show  the  conspicuous  eggs,  feeding  larvae, 
and  adults  on  the  tree  at  the  same  time,  whereas  those  of  P.  citrella 
reveal  only  the  feeding  larvae,  prepupae,  and  pupae,  the  eggs  being 
practically  invisible  to  the  naked  eye  and  the  adults  seldom  seen. 
The  larva  of  the  former  is  larger,  with  a  black  head  and  the  legs 
normal,  whereas  that  of  P.  citrella  is  flattened,  without  legs,  and  the 
head  is  lighter  in  color  than  the  body.  The  various  stages  of 
Throscoryssa  may  be  found  upon  the  tree  only  from  the  latter  part 
of  March  to  early  June,  whereas  Phyllocnistis  is  present  throughout 
the  growing  season. 

SUMMARY 

Among  the  citrus  insects  as  yet  not  found  in  the  United  States  are 
the  two  leaf  miners  Phyllocnistis  citrella  Stainton  and  Throscoryssa 
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citri  Maulik,  the  former  common  and  widespread  and  the  latter 
newly  discovered  and  known  only  from  a  limited  district  in  India. 

P.  citrella  w^as  formerly  recorded  as  P.  saligna  Zell.  when  found  in 
Japan,  but  saligna  is  now  known  to  be  limited  to  northern  and  cen- 
tral Europe  and  to  hosts  other  than  Citrus.  P.  oltrella  has  other 
host  plants,  but  has  been  found  principally  upon  Citrus,  which  it 
injures  by  mining  in  the  leaves.  The  insect  hibernates  as  a  moth,  and 
there  may  be  as  many  as  six  generations  each  year  in  southern  Japan. 

T.  citri  hibernates  as  a  beetle  in  sheltered  places  and  has  but  one 
generation  a  year.  It  is  not  known  to  have  any  other  host  but  the 
varieties  of  Citrus.  The  larvae  eat  out  the  tissue  from  between  the 
two  leaf  surfaces,  frequently  leaving  the  leaf  by  an  exit  hole  in  the 
upper  surface  and  reentering  the  same  or  another  leaf  through  the 
under  surface.  Pupation  is  in  a  cell  in  the  ground.  The  adults  feed 
gregariously,  eating  out  irregular  portions  from  the  margins  of  the 
young  foliage  and  the  tissue  from  the  lower  surface  of  the  older 
leaves.  From  35  to  40  days  cover  the  entire  period  from  the  place- 
ment of  the  egg  to  the  emergence  of  the  adult.  The  beetles  are  not 
seen  after  the  first  week  of  June.  Two  parasites,  a  braconid  and  a 
chalcidoid,  were  found  to  attack  the  larvae  of  T.  citri.  A  resume  is 
given  of  the  literature  on  leaf-mining  Chrysomelidae. 
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INTRODUCTION 

The  kerosene  fraction  of  petroleum  oils  was  apparently  the  first 
used  for  insecticidal  purposes,  probably  because  oi  its  general  avail- 
ability. As  early  as  1871  a  kerosene  emulsion  was  recommended  as 
an  insecticide  and  was  rapidly  adopted  for  general  use  (P<5,  96).^    It 
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was  later  discovered,  however,  that  the  less  volatile  oils  were  con- 
siderably more  toxic,  and  light  to  medium  lubricating  oils  and  crude 
petroleum  oil  were  recommended  by  various  workers  from  1903  to 
1910  {66,  67,  68,  87,  88).  Volck  {111,  p.  6)  stated  in  1903  that  oil 
distillates  lying  between  the  kerosene  and  the  lubricating-oil  groups 
were  then  commonly  used  in  California. 

The  use  of  oil  sprays  against  scale  insects  was  checked  during  this 
period  by  the  sudden  popularity  of  lime-sulphur  solution.  This 
product  was  used  as  an  insecticide  in  California  as  early  as  1886,  but 
was  not  tried  out  in  the  eastern  part  of  the  United  States  until  1893. 
The  experiments  at  that  time  did  not  appear  to  be  very  successful, 
and  lime-sulphur  did  not  come  into  general  use  until  about  1900. 
From  then  until  1922  it  was  the  most  popular  spray  for  use  against 
scale  insects,  and  was  considered  very  effective. 

Jarvis  {67),  who  worked  upon  oil  sprays  as  early  as  1907,  stated 
that  dissatisfaction  with  lime-sulphur  was  caused  by  its  undesirable 
handling  qualities  rather  than  by  the  superiority  of  oil  as  an  insecti- 
cide. Parrott,  Hodgkiss,  and  Sirrine  {86)  reported  in  1906  that  oil 
sprays  were  not  so  effective  as  the  sulphur  washes. 

In  1910  Jones  {68)  reported  that  lubricating  and  crude-oil  emul- 
sions were  much  more  effective  than  lime-sulphur  against  the  Euro- 
l^ean  fruit  lecanium  and  the  pear  scale.  In  1911  Yothers  {120) 
reported  excellent  results  with  similar  oils  against  the  white  fly  on 
citrus.  Ackerman  {3)  reported  in  1923  that  the  lubricating-oil 
emulsions  as  used  by  Yothers  were  much  more  effective  than  lime- 
sulphur  for  the  control  of  the  San  Jose  scale  on  apples.  Other  work- 
ers *  {i,  33,  55)  immediately  tried  these  emulsions  and  came  to  the 
same  conclusion. 

Oil  sprays  have  now  largely  supplanted  lime-sulphur  as  an  insecti- 
cide for  the  dormant  spray  and  have  been  recommended  for  the 
control  of  many  other  insects  {16).  In  the  last  few  years  they  have 
also  been  recommended  as  summer  sprays  for  codling-moth  eggs 

In  view  of  the  recent  importance  of  oil  sprays,  a  discussion  of  the 
chemical  and  physical  properties  of  petroleum  oils  and  of  the  prin- 
ciples of  emulsincation  and  the  various  factors  influencing  toxicity 
to  insects  and  plants  are  given  in  this  bulletin.  The  experimental 
work  herein  reported  was  conducted  at  the  peach-insect  laboratory 
of  the  Bureau  of  Entomology,  Fort  Valley,  Ga.,  where  work  upon 
this  project  has  been  in  progress  since  1922.  As  a  report  was  given 
in  1925  by  Alden  (^),  this  bulletin  deals  almost  entirely  with  results 
obtained  since  that  time. 

CRUDE  PETROLEUM  OILS 

ORIGIN  OF  PETROLEUM 

Numerous  theories  have  been  advanced  as  to  the  origin  of  petro- 
leum oils  {Jfl,  48),  These  may  be  roughly  divided  into  inorganic 
and  organic. 

According  to  the  inorganic  theories,  the  various  hydrocarbons  in 
crude  oils  were  formed  by  the  action  of  water  or  superheated  steam 

*  Lbiby,  R.  W.,  and  Harris,  J.  A.  the  dormant  spray-oil  emulsions  and  sulphur 
SPRAYS.     N.  C.  Agr.  Expt.  Sta.  Dlv.  Ent.  Peach  Insect  Bui.  10.     [Mimeographed.] 
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upon  various  metallic  carbides  in  the  interior  of  the  earth ;  or,  by  the 
action  of  carbonic  acid  upon  various  alkali  metals,  forming  acety- 
lene, which,  by  reduction  and  polymerization  in  the  presence  of  metal- 
lic catalysts,  led  to  the  formation  of  the  various  hydrocarbons  pres- 
ent in  crude  petroleum  oils. 

The  organic  theory  is,  briefly,  that  fats,  waxes,  and  other  stable 
fat-soluble  materials  have  accumulated  from  plant  and  animal  re- 
mains; and  under  the  influence  of  pressure,  heat,  and  various  con- 
tact catalysts  present  in  the  earth  these  have  been  gradually  trans- 
formed into  petroleum  oils.  This  theory  best  explains  the  nitrogen 
content  of  petroleum  oils,  their  optical  activity,  and  the  fact  that  they 
are  always  found  in  sedimentary  rock  formations. 

PRINCIPAL  CONSTITUENTS  AND  GENERAL  PROPERTIES  OF  CRUDE 

PETROLEUM  OILS 

Crude  petroleum  oils  are  complex  mixtures  of  a  large  number  of 
compounds  {4-7,  48,  63,  72),  principally  hydrocarbons.  The  nature 
and  relative  quantities  of  the  various  compounds  present  vary  greatly 
from  one  oil  field  to  another  and  considerably  between  wells  in  the 
same  field.  In  commercial  practice  crude  oils  are  classified  according 
to  their  bases  as  paraffin,  asphaltic  (or  naphthene),  or  mixed  if  con- 
taining both  asphalt  and  paraffin.  This  system  is  based  upon  the 
residue  left  after  distillation  (in  the  absence  of  cracking).  From  a 
chemical  standpoint,  only  arbitrary  classification  is  possible,  owing 
to  the  complexity  of  the  compounds  present  in  any  one  crude  oil. 
For  practical  purposes,  however,  the  main  constituents  may  be  consid- 
ered as  hydrocarbons  of  the  paraffin,  naphthene,  and  aromatic  series, 
unsaturated  hydrocarbons,  and  asphaltic  material. 

Crude  oils  contain  members  of  the  above  groups  in  varying  quan- 
tities. Pennsylvania  oils,  usually  classed  as  paraffin  oils,  contain 
both  paraffin  and  naphthene  hydrocarbons.  Gulf  coast  oils,  known 
commercially  as  asphaltic  oils,  contain  naphthene  hydrocarbons  in 
addition  to  the  asphaltic  material.  Mid-continental  crudes  contain- 
ing paraffin,  naphthene,  and  asphaltic  groups  are  naturally  classed 
as  mixed-base  oils  in  commercial  practice. 

GENERAL  PROPERTIES  OF  GROUPS  OF  COMPOUNDS  PRESENT  IN 

PETROLEUM 

THE  HYDROCARBONS 

UNSATURATED   HYDBOCABBONS 

The  compounds  containing  one  or  more  double  bonds  between 
atoms  are  classed  as  unsaturated  hydrocarbons.  They  consist  largely 
of  members  of  the  olefine,  acetylene,  and  partly  hydrogenated  cyclic 
hydrocarbon  (e.  g.  terpene)  groups.  They  are  chemically  active, 
forming  additive  compounds  with  halogens,  and  concentrated  sul- 
phuric acid ;  are  easily  oxidized ;  and  have  a  tendency  to  polymerize, 
especially  in  the  presence  of  various  catalysts  (e.  g.  sulphuric  acid, 
aluminum  chloride,  fuller's  earth,  and  also  charcoal,  and  other 
porous  substances). 

In  view  of  the  activity  of  these  compounds  and  their  great  tend- 
ency to  polymerize,  only  very  small  quantities  of  unsaturated  com- 
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pounds  would  be  expected  in  crude  petroleum  since  during  its  forma- 
tion and  accumulation  conditions  were  favorable  for  long  periods  of 
time  to  polymerization  and  the  formation  of  saturated  groupings. 
Considerable  chemical  evidence  is  also  available  in  support  of  the 
statement  {Jfi^  p.  30)  that  only  small  quantities  of  unsaturated  hydro- 
carbons are  present  in  crude  oils.  Destructive  distillation  (crack- 
ing), however,  results  in  the  formation  of  a  considerable  quantity  of 
these  compounds. 

AROMATIC    HYDROCARBONS 

Although  double  bonds  are  present  in  aromatic  hydrocarbons,  these 
compounds  are  classed  separately  from  the  above  unsaturated  com- 
pounds as  they  differ  in  chemical  properties.  They  are  usually  pres- 
ent in  only  very  small  quantities,  except  in  California  crudes.  Ben- 
zene, toluene,  xylene,  naphthalene,  and  others  have  been  reported 
from  various  oils.  It  is  unknown  whether  they  occur  as  such  in  the 
crude  oil  or  are  split  off  from  unstable  compounds  by  mild  cracking 
during  distillation.  They  do  not  react  with  concentrated  sulphuric 
acid  but  can  be  made  to  react  with  fuming  sulphuric  acid.  They 
can  be  made  to  take  up  bromine  and  chlorine  under  proper  conditions 
but  do  not  take  up  iodine  directly. 

NAPHTHENE    HYDROCARBONS 

The  naphthene  hydrocarbons  have  the  general  formula  CnH^rf 
They  are  ring  compounds,  behaving  as  saturated  hydrocarbons  and 
may  be  regarded  as  hydrides  of  the  benzene  series.  They  can  be 
made  to  form  substitution  products,  the  halogens  replacing  hydrogen 
atoms,  and  may  be  nitrated  or  oxidized  under  proper  conditions. 
They  have  higher  viscosities  and  relatively  low  boiling  points.  They 
are  not  affected  by  concentrated  sulphuric  acid  while  cold ;  but  when 
heated,  or  when  fuming  sulphuric  acid  is  used,  oxidation  occurs. 

PARAFFIN    HYDROCARBONSi 

The  paraffin  hydrocarbons  have  the  general  formula  CrJS2n+2  and 
belong  to  the  methane  series.  The  higher  members  of  this  series  are 
solids  and  are  known  commercially  as  paraffin  wax.  Thejr  are 
saturated  chain  compounds  and  are  practically  chemically  inert. 
They  may  be  made  to  form  substitution  products  with  halogens  under 
proper  conditions  and  are  not  affected  by  either  diluted  or  concen- 
trated acids  at  ordinary  temperatures.  Sulphuric  acid,  while  hot, 
exerts  a  charring  action,  and  hot  concentrated  nitric  acid  slightly 
decomposes  the  molecules.  Fuming  sulphuric  acid  absorbs  small 
quantities  of  the  higher  members  of  this  series. 

ORDER,  OF  CHEMICAL  ACTIVITY 

In  decreasing  order  of  chemical  activity,  the  foregoing  hydrocarbon 
constituents  are :  "  Unsaturateds,"  aromatics,  naphthenes,  and  paraf- 
fins. The  last  three  are  much  less  active  than  the  first,  but  increase 
in  the  size  of  the  molecule,  and  the  attachment  of  methyl  groups  and 
side  chains  greatly  augments  their  capacity  for  reaction.    Those  of 
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high  molecular  weight,  and  especially  those  with  long  side  chains, 
are  easily  nitrated,  sulphonated,  or  oxidized.  , .; 

f 

OTHER  COMPOUNDS 

In  addition  to  the  hydrocarbons  that  have  been  discussed,  other 
compounds  and  metallic  salts  are  to  be  found  in  the  crude-petroleum 
oils.  These  will  be  considered  under  the  headings  of  oxygen,  sul- 
phur, and  nitrogen  compounds  and  metallic  salts. 

OXYGEN    COMPOUNDS  '  ^ 

Among  the  oxygen  compounds  present  are  naphthenic  acids.  These 
are  feebly  acid  and  with  alkalis  form  salts  resembling  those  of  fatty 
acids.  These  salts  are  good  emulsifiers  and  are  used  to  some  extent 
in  the  manufacture  of  cheap  soap.  They  are  slightly  soluble  in  con- 
centrated sulphuric  acid. 

There  are  also  present  some  asphaltic  substances,  which  are  oxygen- 
containing  and  sometimes  sulphur-containing  compounds.  They 
have  the  property  of  drying  readily  and  find  use  as  road-surfacing 
materials.    Resins  are  present  in  small  quantities. 

STJLPHUK  OOMPOimDS 

The  sulphur  content  of  oil's  is  usually  small,  and  is  retained  largely 
in  the  higher  distillates.  Sulphur  appears  to  be  present  as  thiophenes 
and  sulphides. 

NITROGEN  COMPOUNDS 

The  nitrogen  content  of  oils  is  also  small.  It  is  present  as  basic 
compounds,  probably  tetrahydropyridine  and  quinoline  derivatives. 
They  are  easily  removed  by  diluted  sulphuric  acid. 

METAL  SALTS  '| 

A  large  number  of  metal's  have  been  found  in  traces  in  the  ash  of 
various  crude  petroleums.  They  occur  principally  as  salts  of  the 
naphthenic  acids. 

LUBRICATING  OILS 

COMMERCIAL  PREPARATION  OF  LUBRICATING  OILS  FROM  CRUDE 

PETROLEUM 

Commercial  refining  of  crude  oil  for  the  production  of  various 
lubricating  oils  consists  mainly  in  distillation  for  the  removal  of 
the  more  volatile  compounds  and  subsequent  chemical  treatment  to 
remove  various  other  objectionable  materials.  These  processes, 
which  are  treated  fully  in  other  works  (^7,  4^,  63),  will  be  only 
briefly  described  here. 

DISTILLATION 

The  crude  oil  is  allowed  to  stand  in  settling  tanks  to  allow  the 
water  and  other  suspended  matter  to  settle,  often  being  slightly 
warmed  to  facilitate  this.  In  case  the  water  and  oil  have  formed  an 
emulsion,  more  drastic  heating  may  be  necessary.  Separation  may 
also  be  effected  by  centrifuging  or  by  various  electrical  means. 
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The  oil  is  then  run  into  large  stills  and  heated  directly  by  fire,  or 
by  superheated  steam,  or  both.  The  method  most  commonly  em- 
ployed is  the  application  of  direct  heat  to  the  exterior  of  the  still 
and  of  superheated  steam  through  perforated  pipes  in  the  bottom 
of  the  still.  As  the  steam  rises  through  the  oil,  it  causes  rapid  evapo- 
ration and  consequently  distillation  at  a  lower  tiemperature  than 
would  be  necessary  with  the  use  of  direct  heat  alone.  This  largely 
prevents  cracking,  and  produces  a  much  better  grade  of  oil.  The 
temperature  and  quantity  of  steam  are  gradually  increased  during 
the  course  of  distillation. 

The  various  fractions  are  "  cut  "  according  to  gravities.  The  first 
distillate  is  the  naphtha  or  benzine.  When  the  specific  gravity 
reaches  from  0.Y6  to  0.78,  the  distillate  is  deflected  into  the  kerosene 
tank.  The  distillation  is  stopped  when  the  gravity  reaches  from 
0.84  to  0.85,  or  occasionally  lower. 

The  thick,  tarry  residue  is  then  treated  for  the  production  of  lubri- 
cating oils.  The  whole  is  distilled,  yielding  a  light  distillate  of  low 
viscosity  and  leaving  a  residue  of  coke  in  the  still. 

This  distillate  is  washed  consecutively  with  acid  and  soda,  chilled 
and  pressed  to  remove  the  paraffin,  and  then  fractionally  distilled 
into  heavy  burning  oils  and  various  grades  of  lubricating  oils. 

CHEMICAL  TREATMENT 

ACID   REFINING 

Acid  refining  is  carried  on  in  large  iron  containers  provided  with 
conical  bottoms  to  facilitate  the  drawing  off  of  the  acid  sludge.  The 
amount  of  concentrated  (93-98  per  cent)  sulphuric  acid  required 
varies  with  different  oils  and  with  the  degree  of  refining  required  in 
the  finished  oil.  The  acid  and  oil  are  vigorously  mixed,  usually  by 
agitation  with  compressed  air.  After  a  sufficiently  long  reaction 
period,  which  is  determined  by  trial,  water  is  added  and  the  sludge 
allowed  to  settle.  The  oil  may  then  be  again  washed  with  acid,  or 
treated  with  alkali. 

ALKALI    EEFINING 

Following?  the  acid  refining,  the  "  sour  "  oil  is  drawn  off  into 
another  agitator,  and  washed  with  alkali.  A  10  to  25  per  cent 
sodium  hydroxide  solution  is  usually  used,  the  manner  of  application 
and  the  quantity  varying  greatly.  The  oil  and  alkali  are  generally 
heated  by  steam  during  treatment.  The  alkali  wash  water  is  then 
withdrawn,  and  the  oil  washed  thoroughly  with  water  and  dried  by 
blowing  with  air.  The  majority  of  red  engine  oils  sold  for  use  as 
insecticides  receive  no  further  treatment,  although  some  are  subjected 
to  redistillation. 

REFINING  BY  ADSORPTION 

Of  the  compounds  present  in  oils,  the  asphalts  and  resins,  which 
give  color  to  oils  and  are  otherwise  detrimental,  are  the  most  strongly 
adsorbed  by  various  adsorbents;  therefore  adsorption  is  used  in  re- 
fining, especially  in  the  production  of  white  oils.  Naphthenic  acids, 
nitrogen  and  sulphur  compounds,  unsaturated  hydrocarbons,  aro- 
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matics,  and  naphthenes  are  adsorbed  in  decreasing  order  of  rapidity. 
Paraffins  are  but  feebly  adsorbed.  Molecular  weight  has  gi'eat 
influence  on  this  process ;  the  higher  the  molecular  weight,  the  more 
readily  are  the  substances  adsorbed. 

The  adsorbents  used  are  fuller's  earth,  silica  gel,  and  various 
charcoals.  The  oil  may  be  allowed  to  filter  slowly  through  beds  of 
these  materials,  or  the  adsorbent  may  be  added  directly  to  the  oil, 
and  filtered  off  after  agitation.  This  process  is  capable  of  com- 
pletely decolorizing  oils.  It  is  usually  customary,  however,  in  the 
production  of  white  or  colorless  oils  to  first  drastically  refine  with 
sulphuric  acid  and  then  treat  with  adsorbents. 

EFFECT  OF  VARIOUS  REFINING  METHODS  UPON  CRUDE  OILS 

EFFECT   OF  DISTILLATION 

Distillation  is  always  accompanied  by  more  or  less  decomposition 
of  the  compounds  of  high  molecular  weight.  The  higher  the  tem- 
perature and  the  longer  the  time  required  for  distillation,  the  greater 
the  decomposition  (or  cracking).  The  use  of  steam  greatly  reduces 
this  tendency  to  decompose  by  reducing  the  temperature  necessary 
for  distillation.  Lubricating  oils  that  have  undergone  such  decom- 
position have  lower  viscosities  and  lower  flash  points.  The  larger 
and  more  complex  the  molecules,  the  more  readily  decomposition 
occurs. 

The  weight  and  complexity  of  the  molecules  in  the  distillate  gradu- 
ally increase  with  increase  in  temperature  required  for  distillation. 
The  lubricating  fractions  therefore  contain  mixtures  of  the  more 
complex  compounds  of  high  molecular  weight. 

The  paraffins  are  largely  concentrated  in  the  low-boiling  frac- 
tions; with  rising  boiling  point,  the  olefines,  naphthenes,  and  aro- 
matics  begin  to  predominate.  There  is  an  increase  in  the  quantity 
of  olefines  (unsaturated  hydrocarbons)  due  to  cracking  during 
distillation. 

EFFECT  OF  ACID  REFINING 

The  action  of  concentrated  sulphuric  acid  on  petroleum  distillates 
is  very  complicated  and  as  yet  imperfectly  understood.  Its  effect 
upon  the  principal  groups  of  compounds  present  will  be  briefly 
summarized : 

Unsaturated  hydrocarbons  are  attacked  by  sulphuric  acid  during  refining, 
resulting  in:  (1)  Formation  of  acid  esters  of  sulphuric  acid  or  of  neutral 
esters  by  the  addition  of  acid  to  the  double  linkage;   (2)  polymerization. 

The  acid  and  neutral  esters  pass  mostly  into  the  acid  sludge,  but  a  small 
portion  of  each  remains  dissolved  in  the  refined  oil.  The  tendency  of  olefines, 
which  make  up  the  greater  part  of  the  unsaturated  hydrocarbons,  to  poly- 
merize increases  with  increase  in  molecular  weight.  As  these  products  of 
polymerization,  although  unsaturated,  remain  for  the  greater  part  in  the  oil, 
it  is  evident  that  a  considerable  portion  of  the  olefines  is  not  removed  by 
sulphuric  acid.  In  fact,  it  may  be  concluded  (^7,  />.  123)  that  all  but  the 
olefines  of  low  molecular  weight  remain  chiefly  in  the  oil  either  unattacked  or 
as  polymers. 

Aromatic  hydrocarbons,  though  not  attacked  at  low  temperatures,  may  be 
isulphonated  and  removed  in  the  acid  sludge  if  the  temperature  is  allowed 
to  rise. 
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A  small  portion  of  the  naphthenic  acids  is  removed  by  the  acid,  but  the 
greater  part  remains  in  the  oil.  Sulphur  compounds  are  partially  removed, 
but  other  methods  of  refining  are  necessary  for  petroleums  rich  in  sulphur. 
Nitrogren  compounds  pass  completely  into  the  acid  sludge,  as  they  are  of  basic 
nature. 

Paraflans  and  naphthenes  are  not  usually  attacked  at  ordinary  temperatures, 
but  considerable  quantities  may  be  dissolved  out  by  the  acid  sludge  in  some 
cases.  As  stated  before,  the  high  molecular  members  of  even  these  groups  of 
hydrocarbons  may  be  sulphonated  to  some  extent  if  combined  with  more  reactive 
side  chains. 

Resins  and  asphaltic  materials  are  polymerized  by  sulphuric  acid  and  react 
with  the  acid,  evolving  sulphur  dioxide,  and  are  largely  precipitated  or 
dissolved. 

EFFECT  OF  ALKALI   REFINING 

The  sour  oil  from  sulphuric  acid  refining  contains,  as  detrimental 
impurities,  the  greater  part  of  the  original  naphthenic  acids,  sul- 
phuric acid  esters,  and  sulphonic  acids  formed  during  acid  treat- 
ment, as  well  as  a  considerable  quantity  of  free  acid  in  suspension. 
The  oil  is  treated  with  caustic  soda  solution  to  remove  these  impuri- 
ties, the  organic  acids  being  removed  as  sodium  soaps.  As  these 
soaps  are  excellent  emulsifiers,  emulsions  are  often  formed  upon  the 
addition  of  the  soda  wash.  These  are  usually  broken  by  prolonged 
steaming  and  settling. 

COMPOSITION  OF  THE  REFINED  LUBRICATING  OILS 

Owing  to  their  complexity  and  to  the  great  number  of  different 
compounds  present,  comparatively  little  is  definitely  known  as  to 
the  composition  of  lubricating  oils.  The  mass  of  evidence  (4'/,  p.  258) 
tends  to  support  the  belief  that  the  chief  constituents  of  lubricating 
oils  are  saturated  cyclic  hydrocarbons  of  the  naphthene  and  poly- 
naphthene  groups.  A  considerable  quantity  of  paraffin  may  be 
present  in  oils  from  certain  crudes.  No  evidence  exists  (4'/,  p.  256) 
for  the  presence  of  aromatic  hydrocarbons  in  lubricating  fractions, 
although  they  may  be  present  in  small  quantities  or  as  side  chains. 

The  quantity  of  olefines  or  unsaturated  hydrocarbons  present  would 
appear  to  be  small.  Reports  of  the  presence  of  large  quantities  are 
usually  based  upon  iodine  absorption,  sulphuric  acid  absorption,  or 
upon  the  formolite  test.  It  has  been  shown  that  a  large  portion  of 
the  iodine  forms  substitution  products  with  compounds  other  than 
olefines.  The  action  of  sulphuric  acid  has  already  been  discussed, 
it  being  sufficient  here  to  restate  that,  as  has  been  stated  by  Gruse 
(^7,  p.  256) ,  a  large  portion  of  the  compounds  absorbed  by  sulphuric 
acid  from  lubricating  fractions  are  high-molecular  branched-chain 
compounds  and  not  necessarily  olefines.  The  formolite  test  has  been 
shown  {Jf8^  f.  77)  to  be  given  only  by  aromatic  hydrocarbons  and 
therefore  is  not  a  measure  of  the  unsaturated  compounds  present. 

CHEMICAL    AND    PHYSICAL    PROPERTIES    OF   LUBRICATING    OILS 

The  significance  of  the  most  important  properties  which  are  de- 
termined by  analysis  and  the  analytical  methods  used  will  be  briefly 
described.  More  extended  discussions  will  be  found  in  the  United 
States  Government  specifications  for  lubricating  oils  {109)  and  in 
the  writings  of  Gruse  (^7),  Gurwitsch  {^8)^  Haslam  and  Frolich 
(5^),  and  Hurst  {63), 
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OXIDATION 

All  lubricating  oils  are  acted  upon  by  the  oxygen  of  the  air,  be- 
coming yellow  and  turbid,  depositing  flocky  precipitates,  and  acquir- 
ing an  acid  reaction.  When  these  oils  become  completely  oxidized 
by  any  means,  the  final  products  are  carbon  dioxide  and  water.  The 
rate  of  oxidation  is  accelerated  by  sunlight,  or  the  presence  of  char- 
coal, alkalis,  or  copper,  and  to  some  extent  by  other  metals.  Acid 
refining  greatly  decreases  the  rate  of  oxidation  by  removal  of  the 
more  reactive  compounds. 

Oils  are  also  oxidized  by  many  bacteria.  Sohngen  {106)  found 
that  at  28°  C.  on  exposed  surfaces  of  2  sq.  m.,  an  average  of  15  mg. 
of  kerosene  and  8  mg.  of  paraffin  were  completely  oxidized  by  bac- 
teria in  24  hours.  He  stated  that  the  intermediate  products  were 
probably  fatty  acids,  the  final  products  carbon  dioxide  and  water. 

De  Ong  {23)  has  suggested  that  the  rate  of  oxidation  of  oils,  with 
the  production  of  acids,  may  be  of  importance  in  explaining  foliage 
injury  to  citrus.  He  has  suggested  a  modification  of  Sligh's  method 
{105)  for  the  evaluation  of  this  factor.  This  consists  of  subjecting 
a  definite  weight  of  oil  to  the  action  of  pure  oxygen  in  a  flask  at 
300°  C.  for  a  definite  period.  The  acidity  developed  is  measured  by 
titration.     The  value  of  this  character  in  oils  is  still  unsettled. 

UNSULPHONATED  RESIDUE 

A  number  of  methods  for  the  determination  of  the  unsulphonated 
residue  have  been  suggested  (i/,  JfO^  Jf,l).  All  consist  essentially  in 
shaking  the  oil  with  concentrated  sulphuric  acid  and  determining  the 
volume  which  is  not  absorbed  (unsulphonated)  by  the  acid. 

The  exact  nature  of  the  compounds  which  are  dissolved  (or 
"  sulphonated ")  is  unknown.  A  number  of  writers  state  that  the 
olefines  or  unsaturated  hydrocarbons  are  the  only  compounds  ab- 
sorbed. As  has  been  stated  previously,  a  large  portion  of  the  com- 
pounds absorbed  by  concentrated  sulphuric  acid  are  high-molecular 
branched-chain  compounds,  not  olefines;  also,  evidence  exists  indi- 
cating that  only  those  olefines  of  low  molecular  weight  are  removed 
by  acid,  the  higher  members  being  polymerized  and  remaining  in 
the  oil. 

It  is  probably  more  accurate  merely  to  state  that  the  sulphuric 
acid  removes  the  most  active  compounds  present.  The  unsulphonated 
residue  gives  a  measure  of  the  degree  of  refining  which  an  oil  has 
undergone;  the  higher  the  unsulphonated  residue,  the  more  drastic 
the  refining.  For  ordinary  red  engine  oils  the  unsulphonated  residue 
usually  ranges  from  50  to  TO  per  cent;  for  white  oils,  from  95  to  98 
per  cent. 

Graham's  method  {39)  was  used  for  the  determinations  of  the 
unsulphonated  residues  listed  in  Table  1,  which  shows  the  results 
of  analyses  made  by  the  Bureau  of  Chemistry  and  Soils  of  a  large 
number  of  the  more  common  lubricating  oils  used  for  the  manu- 
facture of  emulsions.  These  are  classified  as  paraffin,  intermediate^ 
or  naphthene  base  crude  oils. 
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Table  1. — Analyses^  of  a  series  of  lubricating  oils  of  the  type  used  as 

insecticides 


Viscosity 
(Saybolt, 

at 
100°  F.) 

Density  at  20 

'  C. 

Condition  at-5°C. 

Volatil- 
ity (four 
hours  at 
105°  C.) 

Unsul- 
phonated 
residue 

Flash 
point 

on 

No. 

Paraffin 
base 

Inter- 
mediate 
base 

Naph- 
thene 
base 

Fire 
point 

1 

Seconds 

47 

76 

78 

79 

80 

85 
102 
104.4 
105 
113 
116 
124 
137 
138 
147 
156 
158 
168 
186 
187 
200 
216 
218 
220 
220 
236 
237 
239 
242 
270 
272 
275 
308 

Gravfts 
per  cubic 
centi- 
meter 
0.847 
.873 

Grams 
per  cubic 
centi- 
meter 

Grams 
per  cubic 
centi- 
meter 

Per  cent 
4.18 
1.50 
.04 
.93 
.92 
.75 
1.75 
3.92 
.60 
.57 
.40 
L21 
.08 
1.20 
.10 
.20 
.08 
.60 
.35 
.20 
.22 
.16 
.89 
.08 
.11 
.09 
.05 
.28 
.11 
.09 
.10 
.12 
.06 

Per  cent 
74 

68.8 
64 
62 

op 

276 

325 

345 

349 

326 

349 

312 

314.6 

365 

374 

345 

365 

325 

325 

390 

380 

385 

404 

387 

405 

422 

398 

313 

347 

428 

360 

405 

406 

2-^0.6 

42S 

433 

430 

440 

300 

? 

Solid  .     . 

365 

3 

0.882 

.887 
.879 

395 

4 

Liquid  . 

414 

5 

Plows  slowly 

Liquid 

378 

6 

.879 

65 
69 

387 

7 

0.920 

346 

g 

.884 

Flows  slowly 

Solid 

417 

9 

64.8 
63 
64 
60 
59 

60.8 
66 

61.2 
60 
61 
None. 
08 
62 

420 

10 

.886 

do 

Does  not  flow 

Solid 

428 

11 

.885 
.889 

395 

12 

412 

13 

.924 
.922 

360 

14 

Liquid 

365 

15 

.890 

Solid 

435 

16 

.894 
.892 
.895 
.898 

""'do'"'."-""'.'." 

435 

17 

435 

18 

451 

19 

449 

20 
21 

.892 
.895 

4-0 

474 

22 

.896 
.921 
.919 
.920 
.921 
.900 

Flows  slowly 

'""do'":":^"II"" 
Solid 

451 

23 

385 

24 

401 

25 

60 
53 
65 
46 

495 

26 

Liquid 

403 

27 

Solid 

475 

28 

.896 

do 

466 

9q 

.899 

Flows  slowly 

Solid     . 

4'^0 

30 

.899 
.899 

68 
52 
59 
51 

493 

31 
32 

.'962" 

do - 

do 

do.. 

471 
496 

S3 

.904 

495 

Analyses  were  made  by  the  U.  S.  Bureau  of  Chemistry  and  Soils. 


DENSITY 


Density  here  is  expressed  as  the  weight  in  grams  of  1  cubic  centi- 
meter of  oil,  and  was  determined  at  20°  C.  by  use  of  a  50-cubic- 
centimeter  pycnometer. 

The  densities  of  crude  oils  range  from  0.65  to  1.06  gram  per  cubic 
centimeters.  Lubricating-oil  fractions  have  a  minimum  densitj^  of 
0.84  or  0.85  gm.  per  cubic  centimeter,  lighter  fractions  falling  into 
the  kerosene  group.  The  density,  as  a  rule,  rises  with  increase  in 
molecular  weight,  boiling  point,  and  viscosity ;  it  also  varies  with  the 
base  of  the  crude  from  which  the  lubricating  oil  fraction  was  derived. 
(Table  1.)  Comparing  lubricating  fractions  of  nearly  the  same  vis- 
cosity, those  from  a  naphthene-base  crude  are  much  denser  than  those 
from  a  paraffin  crude.  Aromatic  hydrocarbons  are  denser  than  naph- 
thenes,  but  occur  in  only  small  quantities  in  all  except  a  few  oils 
from  the  California  field  and  occur  there  along  with  naphthenes. 
This  oifers  a  method  for  the  separation  of  lubricating  oils  into  classes 
based  upon  the  crude  oil  from  which  they  were  derived. 
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VISCOSITY 

Viscosity  of  a  liquid  may  be  defined  as  resistance  to  fluid  motion. 
In  the  petroleum  industry  not  absolute  viscosity  but  a  related  pro- 
perty is  measured  (i.  e.  the  time  required  for  a  definite  volume  of 
oil  to  flow  through  a  standard  opening  under  definite  conditions). 
A  number  of  different  Idnds  of  apparatus  have  been  used  for  the 
determination  of  this  factor.  The  values  given  by  different  instru- 
ments bear  no  simple  relationship  to  each  other  or  to  true  viscosity, 
and  rather  complicated  conversion  tables  (69)  must  be  used  for  the 
conversion  of  one  into  another.  The  values  given  in  Table  1  were 
secured  by  the  use  of  a  Saybolt  universal  viscosimeter  (109,  p.  4^) 
and  are  the  time  in  seconds  required  for  the  delivery  of  60  cubic  centi- 
meters of  oil  from  the  standard  opening  at  a  constant  temperature  of 
100°  F.  Subsequent  references  to  viscosity  refer  to  that  determined 
in  this  manner. 

Viscosity  decreases  with  increasing  temperature  and  increases  with 
increase  in  pressure.  In  a  homologous  series  it  increases  with  in- 
crease in  molecular  weight,  boiling  point,  and  density.  Gruse  (4^, 
p.  260)  concluded  from  a  survey  of  the  literature  that  it  seemed  likely 
that  the  viscous  portions  of  petroleum  oils  are  composed  of  hydrocar- 
bons built  up  of  five  or  six  membered  polymethylene  rings  (naph- 
thenes),  probably  bearing  many  side  chains,  some  of  aromatic  or 
unsaturated  nature.  Gurwitsch  (4^,  p.  HO)  also  concluded  that 
the  naphthenes  are  mainly  responsible  for  the  viscosity  of  a  refined 
lubricating  oil.  The  relative  viscosities  of  the  other  groups  are 
as  follows,  in  decreasing  order:  Aromatics,  paraffins,  olefines,  and 
diolefines. 

FLASH  POINT  AND  FIRE  POINT 

The  flash  point  is  the  temperature  at  which  an  oil  evaporates  so 
intensively  that  its  vapor,  in  an  open  cup  of  specified  dimensions,  or 
in  a  closed  vessel  to  which  air  is  admitted  at  specified  intervals, 
forms  an  explosive  mixture  with  air  and  ignites  on  the  approach  of 
a  small  flame. 

The  fire  point  is  the  temperature  at  which  evaporation  is  such  that 
the  vapors  not  only  flash,  but  continue  to  burn. 

These  two  properties  are  more  or  less  connected  with  the  initial 
boiling  point.  In  a  general  way,  the  flash  and  fire  points  increase 
with  increase  in  viscosity,  but  numerous  exceptions  may  be  noted 
in  Table  1.  A  low  flash  point  is  an  indication  of  the  presence  of 
more  volatile  compounds  in  an  oil.  These  tests  are  of  value  in  deter- 
mining the  suitability  of  an  oil  for  use  in  internal-combustion  engines 
or  where  there  is  a  fire  hazard.  They  are  of  doubtful  value  in  the 
evaluation  of  an  oil  for  insecticidal  use. 

The  flash  and  fire  points  (Table  1)  were  determined  by  means  of  the 
Cleveland  open-cup  method  {109^  p.  66), 

VOLATILITY 

Volatility,  as  reported  in  this  bulletin,  was  determined  according 
to  the  following  method : 

Place  20  grams  of  oil  in  a  SMj-inch  crystallizing  dish,  and  heat  at  105*  C. 
for  four  hours  in  an  electric  oven,  Beweigh,  and  report  loss  in  weight  aa 
per  cent  volatility. 
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De  On^  (23)  has  suggested  a  slightly  different  method  for  the  de- 
termination 01  volatility.  His  method  consists  in  placing  a  definite 
weight  of  oil  upon  asbestos  strips  and  weighing  periodically. 

The  first  method,  used  by  the  United  States  Bureau  of  Chemistry 
and  Soils,  merely  indicates  the  relative  quantities  of  more  volatile 
constituents  present.  The  method  of  De  Ong  gives  a  more  definite 
indication  of  the  permanence  of  the  oil  film  and  is  correlated  with 
viscosity. 

CONDITION  AT    -5°    C. 

The  condition  of  an  oil  at  —5°  C.  is  a  modification  of  the  "  cold 
test."  A  sample  of  oil  is  cooled  to  —5°  C.  and  note  made  as  to 
whether  it  is  liquid,  solid,  or  semisolid.  Solidification  is  often  taken 
as  an  indication  that  paraffin  is  present  and  that  the  oil  is  from  a 
paraffin-base  crude.  If  the  oil  is  liquid,  this  may  indicate  that  it  is 
from  a  naphthene-base  crude,  or  merely  that  the  paraffin  has  been 
previously  removed  by  chilling  and  pressing  during  refining.  The 
value  of  this  test  for  evaluation  of  an  oil  for  insecticidal  use  is 
questionable. 

,  ,  COLOR 

'fin  general,  the  more  highly  refined  the  oil,  the  lighter  the  color. 
White  oils  are  so  highly  refined  as  to  lose  entirely  their  red  or  brown 
color,  but  not  their  fluorescence. 

EMULSIFICATION 

HISTORY 

Petroleum  oils  wqre  originally  applied  undiluted  to  plants  for 
the  control  of  insects,  but  owing  to  the  frequent  severe  injury  fol- 
lowing such  applications,  methods  of  applying  them  diluted  with 
water  were  sought.  As  oil  and  water  can  not  be  mixed  it  was  nec- 
essary to  emulsify  the  oil  in  water,  which  consists  essentially  in  dis- 
persing it  throughout  water  in  the  form  of  very  small  droplets. 

The  earliest  emulsions  were  unstabilized  mechanical  mixtures  pro- 
duced either  by  the  violent  agitation  of  oil  and  water,  or  by  forc- 
ing a  small  jet  of  oil  and  a  large  stream  of  water  simultaneously 
through  the  spray  nozzles.  These  methods  were  unsatisfactory  ow- 
ing to  mechanical  imperfections  of  the  equipment  used,  and  severe 
injury  often  resulted,  which  stimulated  interest  in  the  production 
of  stabilized  emulsions. 

Soap,  fresh  milk,  condensed  milk  (^5,  96),  lime,  and  flour  (67) 
were  among  the  first  emulsifiers  used  in  the  preparation  of  stable 
emulsions.  Emulsions  of  soap  and  kerosene,  which  were  only  tem- 
porary, were  recommended  as  early  as  1871  (95,  p.  183),  but  a  stable 
soap-oil  emulsion  was  first  prepared  in  1882  {96).  Milk  as  an 
emulsifier  was  first  suggested  in  1878  {95),  These  emulsions  were 
usually  prepared  by  pumping  the  oil,  water,  and  emulsifier  together 
under  pressure  through  a  spray  nozzle. 

THEORIES  OF  EINJULSIFICATION 

An  emulsion  consists  essentially  of  a  suspension  of  small  droplets 
pf  one  liquid  in  another.     If  a  small  quantity  of  oil  and  a  slightly 
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larger  quantity  of  water  are  shaken  together  in  a  test  tube,  a  tempo- 
rary emulsion  is  formed,  consisting  of  relatively  large  globules  of 
oil  suspended  in  water.  The  oil  droplets  rapidly  rise  and  coalesce, 
forming  a  layer  above  the  water.  If  a  small  quantity  of  hydrated 
lime  is  added  to  the  water  before  adding  the  oil  and  the  mixture 
shaken  moderately,  large  globules  of  oil  are  again  suspended  in  the 
water.  These  rise  to  the  surface;  but  now  each  globule  may  be 
observed  to  be  surrounded  by  a  film  of  hydrated  lime,  which  keeps 
the  droplets  of  oil  from  touching  one  another  and  coalescing.  If 
the  tube  is  now  shaken  very  vigorously,  the  oil  is  found  to  be  dis- 
persed in  rather  fine  globules,  which  remain  suspended  uniformly 
throughout  the  water  for  a  long  period ;  and  occasional  detached 
globules  of  oil  may  be  seen  on  the  sides  of  the  tube  above  the  emul- 
sion, each  surrounded  by  a  white  layer  of  lime. 

This  experiment  demonstrates  the  essential  features  of  the  forma- 
tion of  oil-in-water  emulsions.  They  consist  merely  in  the  breaking 
up  of  the  oil  into  globules  sufficiently  small  to  remain  suspended 
uniformly  throughout  the  water  for  a  reasonable  time,  and  the  addi- 
tion of  a  stabilizer,  or  emulsifier,  which  forms  a  protective  film 
around  the  dispersed  oil  droplets,  thus  preventing  their  coalescence. 
These  oil  droplets  carry  a  negative  electrical  charge  (4^/  -i<^?  ^-  H-'^)-, 
and  this  is  probably  largely  responsible  for  their  remaining  uniformly 
suspended  throughout  the  emulsion. 

With  the  use  of  a  different  stabilizer,  an  emulsion  of  water  sus- 
pended in  oil  may  be  formed.  A  number  of  theories  have  been 
advanced  to  explain  why  some  emulsifiers  tend  to  cause  the  forma- 
tion of  oil-in-water  emulsions,  while  others  lead  to  the  suspension  of 
water  in  oil.     These  will  be  briefly  mentioned. 

"  EASE  OF  WETTING  "  THEORY 

According  to  Bancroft's  rule,  emulsifiers  more  easily  wetted  by 
water  favor  the  formation  of  oil-in-water  emulsions,  whereas  those 
more  easily  wetted  by  oil  favor  the  formation  of  the  water-in-oil 
type.  To  act  as  an  emulsifier,  the  material  must  collect  on  the  inter- 
face between  the  two  liquids.  This  means  that  the  material  must 
be  wetted  by  both  liquids.  The  liquid  having  the  greater  affinity 
for  the  emulsifier  and  wetting  it  the  more  rapidly  w^ill  therefore 
tend  to  form  the  outer  or  continuous  phase  of  the  emulsion  {82). 

ORIENTED-WEDGE  THEORY  .fiOl^liyiTI 

When  a  soap  emulsifier  is  used,  it  has  been  believed  that  the  soap 
forms  a  film  approximately  one  molecule  thick  between  the  oil  and 
water  (4«^,  4^)-  It  has  also  been  claimed  that  the  molecules  are 
definitely  oriented,  the  hydrocarbon  chain  being  turned  toward 
the  mineral  oil  and  the  metallic  end  of  the  soap  molecule  toward  the 
water,  the  general  rule  being  that  each  end  of  the  molecule  faces 
the  liquid  which  it  most  closely  resembles.  As  the  cross  section  of  the 
sodium  or  potassium  atom  of  the  soap  is  much  greater  than  the  cross 
section  of  the  hydrocarbon  chain,  the  geometric  shape  of  the  soap 
molecule  approximates  a  wedge.  Since  the  larger  end  (of  soaps  of 
monovalent  metals)  is  the  one  soluble  in  water,  oil  would  become  the 
inner  or  dispersed  phase,  yielding  an  oil-in-water  type  of  emulsion. 
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In  the  case  of  soaps  of  the  bivalent  metals,  such  as  calcium  or  mag- 
nesium soaps,  one  atom  of  the  metal  is  combined  with  two  hydro- 
carbon chains.  Consequently,  in  this  case  the  hydrocarbon  end  of 
the  wedge  is  the  larger,  and  this  would  tend  to  the  formation  of  a 
water-in-oil,  or  reversed  type  of  emulsion  {13 ^  32,  SI,  60,  71). 

This  theory  does  not  offer  an  explanation  of  those  emulsions 
formed  with  inert  emulsifiers  such  as  kaolin,  bentonite,  and  charcoal, 
and  has  been  objected  to  upon  other  grounds  {103,  107,  108).  The 
"  ease-of- wetting  "  theory  offers  a  more  generally  applicable  expla- 
nation. However,  it  may  be  well  to  recall  here  the  fact,  generally 
known  to  all  those  who  have  made  or  attempted  to  make  emulsions, 
that  the  type  of  emulsion  secured  depends  very  largely  upon  the  ma- 
nipulation of  the  various  ingredients.  A  potash  fish-oil  soap  made 
by  the  cold-stirred  method  {93)  may  make  an  excellent  reversed,  or 
water-in-oil  emulsion,  unless  directions  are  closely  followed.  The 
Missouri  calcium-caseinate  formula  (7,  ^) ,  as  many  know,  will  give 
either  type  of  emulsion,  depending  upon  the  sequence  in  which  the 
ingredients  are  mixed. 

It  has  been  reported  {100)  that  asphalt-base  oils  were  more  easily 
emulsified  than  those  from  a  paraffin  base.  No  such  difference  could 
be  detected  in  the  oils  used  in  these  experiments. 

VARIOUS  EMULSIFIERS  USED 

As  the  oil-in-water  type  of  emulsion  is  the  only  kind  used  as 
an  insecticide,  subsequent  references  to  emulsions  will  refer  only  to 
this  type.  A  large  number  of  emulsifiers  have  been,  used,  and 
these  will  be  briefly  mentioned.  For  convenience  these  will  be 
divided  into  soap  and  nonsoap  emulsifiers. 

SOAP  EMULSIFIERS 

As  a  general  rule  potassium  soaps  are  used,  as  they  form  soft 
soaps  that  are  easy  to  handle  {18)  and  appear  to  make  a  more  per- 
manent emulsion.  Sodium  soaps  are  also  used  to  some  extent, 
especially  as  emulsifiers  for  miscible  oils. 

A  number  of  animal  oils  have  been  reported  in  literature  as  suit- 
able for  the  manufacture  of  soap  emulsifiers.  The  most  common, 
as  well  as  the  cheapest,  is  fish  oil,  which  was  recommended  {86)  as 
early  as  1906.  Red  oil  {86)  and  whale  oil  {120)  were  also  recom- 
mended. Vegetable  oils  have  been  tried  and  were  considered  unsatis- 
factory by  Penny  {86),  and  satisfactory  by  Chandler,  Flint,  and 
Huber  {9).  Sodium  and  potassium  salts  of  stearic,  palmitic,  lino- 
leic,  and  linolenic  acids  {60,  66)  have  given  good  results. 
Y  During  the  course  of  the  present  investigation  a  number  of  vege- 
table oils  were  tested  in  the  laboratory  both  in  regard  to  their  adapt- 
ability for  soap  making  and  to  the  emulsifying  power  of  the  soaps 
made  with  them.  The  saponification  numbers  of  the  oils  were  de- 
termined, and  their  soaps  were  prepared  by  boiling  them  with  the 
required  quantities  of  caustic  potash. 

The  saponification  numbers,  that  is  the  number  of  milligrams  of 
potassium  hydroxide  required  to  saponify  1  gram  of  the  oil,  obtained 
by  the  official  method  of  the  Association  of  Official  Agricultural 
Chemists  for  the  oils  used  in  the  tests,  are  as  follows: 
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Crude  Kiottonseed  oil 188 

Crude  corn  oil 188 

Crude    peanut    oil 190 

Crude  soybean  oil 190 

Green  olive-oil  foots 191 

Crude  red   oil 202 

Crude  palm  oil 245 

Crude  Manila   coconut   oil 255 

Coconut  oil,  peanut  oil,  soybean  oil,  corn  oil,  and,  to  a  less  extent, 
palm  oil  were  hard  to  saponify  completely,  as  they  required  long  boil- 
ing. Coconut  and  palm  oils  have  the  additional  disadvantage  of 
being  solid  at  ordinary  temperatures  and  are  therefore  harder  to 
handle. 

Cottonseed  oil,  olive-oil  foots,  and  red  oil  made  good  soaps.  The 
cottonseed-oil  soap  proved  to  be  the  best  emulsifier  and  was  equal  to 
fish-oil  soap,  both  for  use  by  the  Government's  standard  boiled  for- 
mula and  for  the  making  of  cold-stirred  emulsions.  Its  emulsifying 
power  is  reduced  when  a  large  excess  of  potassium  hydroxide  (more 
than  1  pound  excess  to  10  pounds  of  cottonseed  oil)  is  used  in  the 
saponification.  This  soap  was  also  tried  out  successfully  on  a  com- 
mercial scale  for  the  manufacture  of  emulsions  according  to  the 
Government's  standard  boiled  formula. 

The  red-oil  boiled  soap  was  only  a  fair  emulsifier.  It  was  found, 
however,  that  a  soap  which  was  an  excellent  emulsifier  could  be  made 
by  stirring  this  oil  with  potassium  hydroxide  without  the  use  of 
heat.  The  use  of  an  excess  of  potassium  hydroxide  and  long-con- 
tinued boiling  practically  destroyed  its  emulsifying  power.  This  may 
have  been  due  to  the  splitting  of  the  molecule  in  the  presence  of 
alkali,  as  it  is  well  known  that  oleic  acid  may  be  oxidized  by  fusion 
with  caustic  potash  to  palmitic  and  acetic  acids,  both  of  which  are 
poor  emulsifiers.  Or  it  may  have  been  due  merely  to  the  complete 
saponification  of  all  the  fatty  acids  present,  as  it  has  been  shown  that 
the  presence  of  free  fatty  acids  aids  in  emulsification  (70).  It  may 
be  well  here  to  call  attention  to  the  observation  of  Mead  and  McCoy 
(73)  that  sodium-oleate  solutions  "age"  markedly,  and  may  then 
form  a  reversed,  or  water-in-oil  emulsion,  instead  of  the  usual  type. 
They  believed  the  change  due  to  reaction  with  some  atmospheric 
constituent. 

The  soap  from  green  olive-oil  foots  was  inferior  to  fish-oil  soap 
as  an  emulsifier,  although  it  could  be  used.  Probably  other  grades 
of  this  oil  would  prove  much  more  satisfactory. 

NONSOAP  EMULSIFIERS 

Salts  of  the  naphthenic  acids  resemble  soaps  and  make  good  emulsi- 
fiers (J;j8,  p.  11^6) .  Salts  of  the  sulphonic  acids  and  their  derivatives 
are  also  good  emulsifiers  and  are  used  to  some  extent  for  this  purpose 
{60;  83,  p.  769;  102), 

Milk  was  used  as  an  emulsifier  as  early  as  1878  (P^,  95),  Lime, 
plaster  of  Paris,  flour,  precipitated  chalk,  silica,  alumina,  Bordeaux 
mixture,  ferrous  sulphate  and  lime  mixture^  glue,  ^gg  albumin,  sa- 
ponin, basic  sulphates  of  iron,  copper,  and  nickel,  ferrous  hydroxide, 
copper  carbonate,  calcium  carbonate,  calcium  arsenate,  lead  arsenate^ 
and  fine  clays  were  listed  by  Pickering  {90)  as  early  as  1907. 
Among  the  fine  clays,  kaolin  {123)  and  fuller's  earth  have  been  spe- 
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cifically  recommended,  and  bentonite  (28)  has  been  tested.  A  mix- 
ture of  casein  and  lime,  commonly  called  "  calcium  caseinate,"  was 
recommended  (7,  8)  in  1923,  and  has  become  probably  the  most 
widely  used  of  any  of  the  nonsoap  emulsifiers. 

TYPES  OF  EMULSIONS  AND  METHODS  OF  MANUFACTURE 

For  convenience  in  discussion,  emulsions  will  be  divided  into 
groups  based  upon  the  method  used  in  their  manufacture.  Ac- 
cording to  this  scheme,  they  will  be  divided  as  follows :  Hot-pumped, 
cold-stirred,  and  cold-pumped  emulsions  and  miscible  oils, 

HOT-PUMPED,   OR  BOILED,   EMULSIONS 

Soap  emulsifiers  are  used  for  making  hot-pumped,  or  boiled, 
emulsions.  The  emulsion  made  by  the  standard  Government  for- 
mula is  an  example  of  this  type.  Practically  all  these  formulae 
recommend  the  use  of  1  pound  of  soap  to  each  gallon  of  oil,  but 
where  the  water  to  be  used  in  spraying  is  very  soft,  half  this  quan- 
tity of  soap  is  sufficient.  The  method  of  manufacture  consists  in 
mixing  the  oil  with  approximately  half  its  volume  of  combined  soap 
and  water,  bringing  the  mixture  to  a  boil  by  the  application  of 
heat,  and  pumping  it  while  still  hot  through  fine  nozzles  at  a  pres- 
sure of  from  200  to  400  pounds.  The  mixture  is  heated  directly 
over  the  fire  in  the  case  of  small  batches,  and  by  the  use  of  steam  in 
the  case  of  large  batches.  The  steam  heat  is  applied  either  in  closed 
coils  around  the  jacketed  cooking  vessel  or  by  allowing  the  live 
steam  to  rise  through  the  mixture  from  perforated  pipes  in  the  bot- 
tom of  the  kettle.  In  the  latter  case  less  water  is  initially  added 
to  the  batch. 

These  emulsions  have  the  advantage  of  practically  never  failing 
to  "make,"  and  of  remaining  stable  for  relatively  long  periods  (ap- 
proximately one  year).  Their  disadvantages  lie  in  their  higher  cost 
due  to  the  necessity  of  heating  and  to  the  higher  price  of  the  equip- 
ment necessary  for  their  manufacture. 

COLD-STIRRED  EMULSIONS 

Cold-stirred  emulsions  are  also  formed  by  using  soap  as  an  emul- 
sifier.  They  differ  from  the  hot-pumped  emulsions  only  in  the 
method  of  manufacture  which  requires  neither  unusual  heat  nor 
pumping.  They  were  first  used  by  Hubbard  (95),  and  later  de- 
scribed by  Yothers  (IW),  The  method  was  recommended  in  a  mod- 
ified form  by  Whitcomb  (115)  and  Kichardson  and  Griffin  (93), 

The  method  of  manufacture  consists  in  repeatedly  adding  small 
quantities  of  oil  to  the  soap,  and  thoroughly  stirring  in  each  addition 
of  oil  before  the  next  is  added. 

After  the  required  quantity  of  oil  is  thus  worked  in  (usually  1 
gallon  of  oil  to  each  pound  of  soap),  a  stiff  jelly  like  mixture  is 
formed.  Water  is  then  slowly  added,  with  constant  stirring,  till 
the  finished  emulsion  contains  66%  per  cent  of  oil  by  volume.  This 
is  the  standard  oil  content  for  commercial  emulsions.  If  a  good 
soap  has  been  used,  and  the  mixture  thoroughly  stirred,  this  emul- 
sion is  nearly  as  stable  as  one  made  by  the  hot-pumped  formula. 
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its  advantages  lie  mainly  in  the  cheapness  of  the  equipment  re- 
quired for  manufacture  and  in  the  fact  that  the  use  of  heat  may  be 
practically  dispensed  with.  There  are,  however,  a  number  of 
disadvantages. 

The  dispersion  of  the  oil  droplets  here  depends  upon  the  attraction 
between  the  soap  and  oil,  and  upon  the  shearing  action  due  to  stirring. 
This  shearing  action  in  turn  depends  upon  the  viscosity  of  the  soap 
used.  Too  thin  or  too  viscous  a  soap  will  not  make  this  type  of 
emulsion.  Factors  influencing  the  viscosity  of  the  soap  will  therefore 
influence  the  quality  of  the  emulsion  secured.  The  main  factors 
influencing  the  viscosity  of  the  soap  made  from  any  one  oil  are  the 
moisture  content,  the  quantity  and  kind  of  caustic  used  to  saponify 
the  oil,  and  the  temperature.     These  will  be  briefly  discussed. 

Soda  soaps  are  as  a  rule  too  stiff  to  make  this  type  of  emulsion  at 
all,  though  some  make  it  very  poorly.  Potash  soaps  are  used  almost 
entirely.  The  use  of  an  excess  of  caustic  potash  above  that  required 
for  saponification  results  in  a  much  stiffer  soap,  and  in  case  such 
an  excess  is  used  the  soap  should  have  a  higher  moisture  content. 
This  is  illustrated  by  the  series  of  tests,  reported  in  Table  2,  with 
the  use  of  a  cold-stirred  soap-oil  emulsion  (93).  Results  with  a 
soap-cresol  (93)  emulsifier  are  also  shown  for  comparison.  A  soap 
made  with  only  a  slight  excess  of  caustic  potash  and  having  a  mois- 
ture content  of  from  60  to  75  per  cent  was  found  to  make  the  best 
emulsion.  A  very  large  excess  of  potassium  hydroxide  (2  pounds 
excess  to  10  pounds  oil)  largely  destroyed  the  emulsifying  power  oi 
fish-oil  soap  for  this  type  of  emulsion. 

Table  2. — Effects  of  moisture  and  excess  potassium  hydroaride  in  potash  fish-oil 
soap  upon  its  vaMe  for  makinff  cold-stirred  emulsions.     Tempei'ature  50°  F. 


Type  of  emulsion  secured  when  moisture  content  of  soap  was— 

Emulsion 

60  per  cent 

75  per  cent 

86  per  cent 

No  excess  of 
potassium 
Jiydroxide 

Excess  of 
potassium 
hydroxide  i 

No  excess  of 
potassium 
hydroxide 

Excess  of 
potassium 
hydroxide  i 

No  excess  of 
potassium 
hydroxide 

Excess  of 
potassium 
hydroxide  i 

Soap-oil 

Very    good 

emulsion. 

do- 

FaUed 

Very    good 
emulsion. 

Good  emul- 
sion. 
do 

FaUed 

Very    good 
emulsion. 

Good  emul- 
sion. 

Fair    emul- 
sion. 

Good    emul- 

Soap-cresol oil 

sion. 
Do. 

More  than  1  pound  excess  potassium  hydroxide  to  10  pounds  of  fish  oil. 

Temperature  has  a  great  influence  upon  the  viscosity  of  the  soap, 
and  a  soap  which  will  make  an  excellent  cold-stirred  emulsion  at 
a  temperature  of  60°  F.  may  be  too  stiff  and  fail  completely  at  40° 
or  lower.  A  stiff  soap  may  be  made  sufficiently  fluid  by  the  addi- 
tion of  small  quantities  of  water  or  by  heating.  The  addition  of 
small  quantities  of  water  does  no  harm,  but  larger  quantities  re- 
sult in  the  production  of  an  unstable  emulsion.  Heating  a  stiff 
soap  to  approximately  125°  was  found  to  be  the  best  method  of 
rendering  it  sufficiently  fluid  readily  to  emulsify  the  oil. 
55047"— 31 3 
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Even  with  a  fluid  soap,  difficulty  was  often  experienced  in  mak- 
ing the  emulsion  at  temperatures  below  40°.  Apparently  the  at- 
traction between  the  oil  and  soap  is  insufficient  at  low  temperatures 
for  the  soap  to  properly  coat  the  oil  particles.  In  such  cases  emul- 
sions could  be  made  after  heating  the  soap  to  approximately  125°. 

Very  thorough  stirring  is  essential  to  the  production  of  a  stable 
emulsion  by  this  method,  as  is  shown  in  Table  3. 

Table  3. — Effect  of  stirring  upon  the  size  of  oil  droplets  in  a  cold-stirred  emulsion 


Degree  of  stirring 

Size  of  oil  droplets 

Stability 

Range 

Mode 

Average 

Oil  completely  stirred  in  after  each  addition 

Microns 
2  to  60 

2  to  15 

Microns 
12 

7 

Microns 
20 

7 

Unstable. 

Oil  completely  stirred  in  and  stirring  continued  until  maxi- 
'■^  mum  stiffness  was  secured  after  each  addition  of  oil 

Stable. 

Occasionally  a  cold-stirred  emulsion  will  not  only  fail  to  "  make," 
but  will  form  a  reversed  emulsion.  In  such  cases,  Richardson  and 
Griffin  (93)  state  that  it  is  necessary  to  start  over  again,  using  half 
the  original  quantity  of  emulsifier  and  stirring  in  the  reversed  emul- 
sion in  the  same  manner  as  the  original  oil. 

With  the  use  of  the  proper  soap,  and  at  temperatures  between  50° 
and  80°  F.,  very  good  cold-stirred  emulsions  may  be  manufactured. 
The  use  of  "  stabilizers  "  with  the  soap  will  greatly  increase  the 
stability  of  the  resulting  emulsion  and  the  ease  with  which  it  can  be 
made.  These  stabilizers  are  added  directly  to  the  soap,  with  con< 
stant  stirrings,  just  before  the  oil  is  added;  and  appear  to  act  by 
rendering  the  soap  somewhat  more  fluid  and  to  some  extent  as  a 
mutual  solvent  for  soap  and  oil,  thus  bringing  the  two  into  more 
intimate  contact. 

Amyl  alcohol  was  recommended  by  Whitcomb  {^IS)  for  this  pur- 
pose and  crude  cresylic  acid,  cresol,  and  cyclohexanol  by  Richardson 
and  Griffin  (93). 

The  writers  made  a  series  of  laboratory  tests  of  alcohols,  ethereal 
oils,  fatty  acids,  phenols,  and  miscellaneous  compounds  as  stabilizers. 
Of  these,  methyl  and  ethyl  alcohol  appeared  of  slight  benefit  for  use 
with  stiff  soaps;  butyl  alcohol  (both  normal  and  tertiary)  proved 
equal  to  either  amyl  alcohol  or  cresylic  acid. 

Oleic  acid,  or  red  oil,  greatly  improved  the  emulsion  if  the  fish- 
oil  soap  contained  an  excess  of  caustic,  but  was  worthless  in  the 
absence  of  free  alkali.  Other  materials  tested  were  of  no  value. 
Experiments  with  red  oil  indicated  that  this  material  acted  by 
forming  with  the  free  alkali  a  cold-stirred  potassium  oleate  soap. 
The  fish-oil  soap  was  therefore  omitted,  and  the  red  oil  added  directly 
to  a  solution  or  caustic  potash  and  stirred  until  a  uniform  consist- 
ency was  obtained.  The  lubricating  oil  was  then  added,  the  mix- 
ture being  stirred  the  meanwhile  as  described  above.  This  was 
found  to  form  a  very  good  emulsion,  approximately  equal  in  stability 
to  that  made  by  the  Government's  standard  boiled  formula.  Direc- 
tions for  making  this  emulsion  are  as  follows : 
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Red-oil  emulsion. — To  3  pints  of  water,  add  one-third  pound  of  caustic  potash. 
When  dissolved,  add  1  quart  of  red  oil  (oleic  acid)  and  stir  the  mixture 
thoroughly  until  the  soap  formed  is  of  uniform  consistency.  Add  the  lubricating 
oil  slowly  at  intervals,  until  a  total  of  10  gallons  has  been  emulsified,  no  addi- 
tion being  greater  than  one-third,  and  preferably  only  one-fourth,  the  volume 
of  the  mixture  to  which  added.  Stir  thoroughly  after  each  addition  until  maxi- 
mum stiffness  has  been  secured.  After  all  the  oil  has  been  w^orked  in,  dilute 
slowly  with  water,  stirring  constantly,  till  the  total  volume  equals  15  gallons. 

The  advantages  of  this  emulsion  are  its  cheapness  and  the  fact  that 
boiled  soap  is  not  required,  thus  doing  away  entirely  with  the  need 
of  heat  for  producing  the  emulsion.  It  has  the  same  disadvantages 
as  the  other  cold-stirred  emulsions. 

COLD-PUMPED   EMULSIONS 

As  a  rule,  nonsoap  emulsifiers  are  used  in  preparing  cold-pumped 
emulsions,  although  soaps  have  been  used  {120),  This  method  of 
making  emulsions  for  insecticidal  purposes  is  apparently  among 
the  earliest  used  {94.).  It  consists  simply  of  adding  the  emulsifier 
to  the  water,  then  adding  the  oil,  and  pumping  the  mixture  under 
pressure  out  through  a  fine  opening.  It  is  usually  repumped  once 
or  twice.  The  most  common  emulsifier  used  is  calcium  caseinate, 
the  use  of  which  has  been  noted  by  many  writers  (^,  7,  8^  P,  26^  57^ 
76)^;  Bordeaux  mixture  {49)  and  kaolin  {126)  are  also  used  to  a 
lesser  extent.  Other  emulsifiers  have  been  previously  listed  (p. 
15).  These  emulsions  are  cheap  and  are  easily  made  on  the  farm 
with  the  ordinary  power  spray  outfit.  The  mixture  is  emulsified 
by  pumping  three  times  through  the  spray  rods  at  a  pressure  of 
from  150  to  275  pounds.  This  gives  an  emulsion  which  will  hold 
up  for  from  several  days  to  several  weeks,  depending  upon  the  pres- 
sure employed.  By  the  use  of  higher  pressures  and  the  addition  of  a 
preservative,  where  protein  or  fermentable  emulsifiers  are  used, 
emulsions  may  be  produced  equal  in  stability  to  the  Government's 
standard  boiled  emulsion.  Homogenizers  using  pressures  of  over 
1,000  pounds  per  square  inch,  and  colloid  mills  have  also  been  em- 
ployed for  the  commercial  production  of  emulsions  of  this  type. 

The  calcium  caseinate  emulsifier  is  formed  by  mixing  casein  and 
hydrated  lime  in  the  approximate  proportion  of  1  to  4.  Casein  is 
the  active  emulsifier,  the  lime  being  added  merely  to  make  the  cas- 
sein  soluble  in  water,  as  it  is  soluble  in  an  alkaline  solution,  but  insol- 
uble in  a  neutral  one.  Occasionally  an  old  sample  of  calcium  cas- 
einate will  fail  to  emulsify  the  oil.  It  has  been  found  that  this  is 
because  the  lime  has  been  converted  into  calcium  carbonate  by 
the  carbon  dioxide  in  the  air,  and  its  alkalinity  thus  destroyed. 
After  the  addition  of  fresh  hydrated  lime,  no  further  difficulty  is 
experienced. 

MISCIBLE  OILS 

Miscible  oils  differ  from  the  previously  described  emulsions  in  that 
the  emulsifier  is  dissolved  in  the  oil  and  that  they  contain  only  a  rel- 
atively small  quantity  of  water  (usually  less  than  10  per  cent). 
They  have  the  appearance  of  a  clear  or  slightly  cloudy  oil,  but  when 
water  is  added  and  the  mixture  agitated  a  white  emulsion  is  formed. 

^Leibt,  R.  W.,  and  Harris,  J.  A.     Op.  cit.     (See  footnote  4.) 
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The  active  ingredient,  as  well  as  the  principal  one,  in  miscible 
oils  is  mineral  oil.  The  following  classes  of  emulsifiers  may  be  used 
(5,5^): 

(1)  Saponified  rosin,  oleic  acid,  or  other  fatty  acids  with  more  or  less 
alcohol. 

(2)  Sulphonated  mineral  oil  with  an  alkali. 

(3)  Sulphonated  animal  or  vegetable  oils  and  an  alkali,  with  or  without 
alcohol. 

(4)  Soaps  dissolved  in  phenols. 

A  small  quantity  of  alcohol  is  usually  added  to  make  the  hydrated 
soap  dissolve  readily  in  the  oil.  This  usually  results  in  a  cloudy 
mixture,  and  just  sufficient  oleic  acid  is  then  added  to  clear  the  solu- 
tion. Increasing  beyond  this  the  quantity  of  oleic  acid  decreases  the 
stability  of  the  emulsion  which  results  upon  dilution  with  water.  It 
would  appear  likely  that  this  method  might  be  used  to  decrease  the 
permanency  of  miscible-oil  emulsions  and  thus  increase  their  toxicity 
to  insects. 

The  advantages  of  miscible  oils  are  their  low  water  content,  which 
reduces  freight  and  drayage  charges,  and  their  resistance  to  low 
temperatures.  Their  main  disadvantage  is  their  considerably  higher 
cost  as  compared  with  oil  emulsions,  which  is  due  to  the  kind  and 
quantities  of  emulsifiers  necessary  for  their  production. 

A  large  number  of  formulas  for  miscible  oils  {18^  66^^  67,  74,  76,  86, 
87^  88)  and  several  general  discussions  of  the  principles  involved 
in  their  manufacture  {62,  73)  have  been  published.  A  discussion  of 
sulphonated  oils  has  been  given  by  Wennstrom  (114)- 

METHODS  OF  ANALYSIS  OF  OIL  EMULSIONS 

As  oil  is  the  active  ingredient  in  emulsions,  methods  for  its  de- 
termination are  necessary  for  the  proper  evaluation  of  various  com- 
mercial preparations.  The  oil  content  is  expressed  as  the  percentage 
of  oil  by  volume.  While  no  definite  temperature  has  been  adopted, 
this  is  generally  supposed  to  be  determined  at  room  temperature 
,  (approximately  20°  C). 

Methods  for  the  determination  of  the  oil  content  of  emulsions 
have  been  suggested  by  Graham  (39)  and  by  Griffin  and  Kichardson 
(46).     The  methods  used  were  briefly  as  follows: 

Water  was  removed  and  determined  by  distillation,  the  soap  by 
extraction  with  alcohol,  and  the  mineral  oil  found  by  difference. 
This  was  checked  by  recovery  of  the  oil  from  an  alcohol-ether  extract. 

The  emulsions  with  soap  emulsifiers  were  broken  by  shaking  with 
dilute  acid,  and  the  separated  oil  measured  directly. 

Emulsions  with  gum  emulsifiers  were  broken  by  shaking  with 
alcohol  and  sodium  carbonate. 

As  these  methods  are  unsatisfactory  for  some  types  of  emulsions, 
certain  other  methods  which  proved  of  value  at  this  laboratory  are 
given. 

The  calcium-caseinate  emulsion  may  be  analyzed  for  oil  as  follows : 
Add  an  equal  volume  of  ether  and  approximately  half  that  quantity 
of  20  per  cent  sodium  hydroxide  to  10  c.  c.  of  the  emulsion  in  a 
separatory  funnel.  Shake  vigorously  and  allow  to  stand  till  the 
layers  separate;  the  oil  will  be  dissolved  in  the  ether.  Separate  the 
layers  and  evaporate  away  the  ether  on  a  hot-water  bath.     Measure 
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the  oil  in  a  10-c.  c.  graduate,  having  0.1-c.  c.  subdivisions.     Usually 
one  extraction  with  ether  is  sufficient  to  remove  all  the  oil. 

Other  emulsions  may  be  broken  by  repeated  ether  extractions ;  by 
the  application  of  heat,  followed  upon  cooling  by  ether  extraction; 
or  by  shaking  with  a  combination  of  ether  and  acid  or  alkali.  In 
the  latter  case,  where  acid  is  used,  a  correction  must  be  applied  for 
fatty  acids  if  the  emulsifier  was  a  soap. 

FREEZING  POINTS  OF  OIL  EMULSIONS 

As  has  been  stated,  miscible  oils  are  very  resistant  to^  freezing 
owing  to  the  small  quantity  of  water  present.  As  ordinary  oil 
emulsions  contain  over  30  per  cent  of  water  they  are  much  more 
liable  to  injury  by  freezing.  Apparently  no  data  exist  in  the  litera- 
ture upon  this  subject,  and  statements  as  to  the  freezing  point  of 
the  Government's  standard  formula  emulsion  vary  from  15°  F.  (^, 
63)  to  "  only  a  little  below  that  of  water  "  {91).  Experiments  were 
conducted  on  a  series  of  oil  emulsions  to  determine  the  point  to 
which  they  could  be  undercooled  and  also  their  true  freezing  points. 
All  the  ordinary  precautions  were  observed  which  are  used  in  freez- 
ing-point determinations.  The  undercooling  point  was  taken  as 
the  lowest  temperature  to  which  the  emulsion  could  be  cooled, 
without  stirring  and  in  the  absence  of  ice  crystals,  before  freezing 
began.  The  true  freezing  point  was  determined  upon  new  samples, 
crystallization  being  induced  by  seeding  with  an  ice  crystal  at 
the  approximate  freezing  point  in  one  sample  and  by  vigorous 
stirring  in  another. 

The  following  list  shows  the  true  freezing  points  determined  for 
a  number  of  emulsions,  all  of  which  contained  66%  per  cent  of  oil 
by  volume,  all  the  soap  used  containing  67.07  per  cent  of  moisture : 

Type  of  emulsion  °F. 

Commercial  boiled  emulsion,  Govermnent  standard  formula,  sample  No.  1_  31. 3 
Commercial  boiled  emulsion,  Government  standard  formula,  sample  No.  2_  31. 1 
Cold-stirred  emulsion,  1  pound  soap  to  1  gallon  oil.    Oil  of  125  seconds 

viscosity 30.  9 

Cold-stirred  emulsion,  1  pound  soap  to  1  gallon  oil.    Oil  of  220  seconds 

viscosity 30.  9 

Cold-stirred  emulsion,  one-balf  pound  soap  to  1  gallon  oil 31. 5 

Cold-stirred  emulsion,  2  pounds  soap  to  1  gallon  oil® 29.7 

Cold-stirred   soap-cresol    {93) 30.4 

Cold-stirred  arayl  alcohol-soap  {115^ 30.0 

Cold-stirred    butyl    alcobol-soap 29.5 

Cold-stirred  red-oil 31.  8 

Cold-pumped  calcium-caseinate  formula  (7) 31.8 

Soap  solution ;  1  pound  soap  diluted  to  one-balf  gallon  witb  water 30.  9 

Water  used  in  above  emulsions 32.0 

The  true  freezing  point,  as  here  shown,  is  the  average  of  three 
determinations  in  none  of  which  the  emulsion  was  allowed  to  under- 
cool  more  than  1°  F.  Apparently  the  ordinary  oil  emulsions  can 
not  be  undercooled  below  17°  or  18°  F.  before  freezing  begins.  The 
true  freezing  point  is,  as  stated  by  Porter  {91)  only  slightly  below 
that  of  water.  Apparently  the  freezing  point  of  an  emulsion  de- 
pends entirely  upon  the  kind  of  emulsifier  used,  and  upon  its  con- 
centration.    The  viscosity  of  the  oil  had  no  effect  between  the  limits 

8  Could  be  undercooled  to  17.6°  F.     Other  emulsions  could  be  undercooled  only  to  18.3°  F. 
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ordinarily  occurring  in  oils  used  in  the  making  of  lubricating-oii 
emulsions. 

Samples  of  oil  emulsions  were  frozen  solid,  without  being  stirred, 
and  allowed  to  sit  undisturbed  till  completely  thawed  out.  The 
emulsions  were  not  broken  down  or  deteriorated  in  any  manner  by 
this  treatment.  If  stirred,  vigorously  while  freezing  or  thawing, 
a  considerable  quantity  of  oil  was  freed.  Apparently  the  best  thing 
to  do  with  a  frozen  emulsion  is  to  leave  it  undisturbed  until  it  is 
completely  thawed  out,  as  is  ordinarily  recommended. 

EFFECT  OF  HARD  WATERS  ON  VARIOUS  EMULSIONS 

The  great  majority  of  commercially  manufactured  emulsions  con- 
tain a  sodium  or  potassium  soap  as  an  emulsifier.  These  soaps 
react  with  calcium  or  magnesium  in  hard  water,  giving  a  calcium 
or  magnesium  soap  which  is  insoluble  in  water,  whereupon  the 
emulsion  may  be  broken  down  and  the  oil  liberated.  The  liberated 
oil  rises  to  the  surface  of  the  water  in  the  spray  tank,  and  the  last 
trees  sprayed  are  likely  to  receive  an  application  of  pure  oil,  causing 
severe  injury,  whereas  other  trees  receive  too  little  oil  for  effective- 
ness against  insects. 

Though  few  waters  in  central  Georgia  are  sufficiently  hard  to 
break  down  an  emulsion  completely  within  the  short  time  necessary 
to  spray  out  the  tank  of  diluted  emulsion  (approximately  one  and 
one-half  to  two  hours) ,  nevertheless  considerable  annoyance  is  caused 
by  the  insoluble  soap  plugging  the  nozzles.  It  was  found  that  the 
violent  agitation  taking  place  in  the  spray  tank  speeded  up  the 
reaction  between  the  hard  water  and  soap  and  also  by  its  churning 
action  caused  the  insoluble  soap  particles  to  conglomerate  into  lumps. 
By  removing  the  agitator  chain  on  the  spray  outfit  trouble  of  this 
kind  was  greatly  reduced  or  entirely  eliminated  when  the  Govern- 
ment-formula soap-oil  emulsion  was  used  with  water  having  a  hard- 
ness equivalent  to  175  or  180  parts  of  calcium  carbonate  per  million 
parts  of  water.  Sufficient  agitation  is  secured  from  the  vibration  of 
the  engine  and  pumps  and  from  the  movement  of  the  spray  outfit 
through  the  orchard  to  keep  the  ordinary  diluted  emulsion  uniformly 
distributed  throughout  the  spray  tank.  This  was  shown  by  testing 
the  oil  content  of  the  spray  collected  from  spray  rods  when  the  tank 
was  full  and  again  just  before  it  was  empty.  The  data  of  this  test 
are  given  in  Table  4. 

Table  4. — Homogeneity  of  oil  emulsion  ^  spray  m  tank  with  and  without  the  use 

of  an  agitator 


Treatment  of  emulsion 


Oil  content  of  spray  col- 
lected from  spray  rods — 


When  tank 
was  full 


When  tank 
was  nearly 
empty      | 


With  agitator  running. 
Without  agitator 


Per  cent  by 
volume 

3.17 
3.30 


Government's  standard  boiled  emulsion. 
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An  emulsion  resistant  to  hard  water  may  be  made  by  using  an 
excess  of  soap  {122)^  or  a  soap  containing  an  excess  of  free  alkali. 
This  free  alkali  appears  to  act  by  reducing  the  ionization  of  the 
soap  (^,  77),  and  probably  also  that  of  the  calcium  or  magnesium 
salt  contained  in  the  hard  water. 

Yothers  and  Winston  {126)  recommend  the  use  of  the  following 
materials  for  the  stabilization  of  soap-oil  emulsions  mixed  with 
hard  water :  Caustic  soda,  glue,  milk,  skim-milk  powder,  gelatin,  corn 
meal,  casein,  w^heat  flour,  cornstarch,  and  laundry  starch.  The  last 
three  should  be  boiled  before  being  added  to  the  emulsion.  These 
stabilizers  should  be  added  to  the  concentrated  emulsion,  just  before 
dilution  in  the  spray  tank,  in  the  approximate  proportion  of  1 
pound  to  each  3  gallons. 

The  nonsoap  emulsifiers,  with  the  possible  exception  of  the  sodium 
and  potassium  salts  of  the  naphthemc  and  sulphonic  acids  and  their 
derivatives,  are  generally  considered  resistant  to  hard  waters. 
Where  very  hard  waters  must  be  used  in  spraying,  the  emulsifiers 
commonly  used  are  calcium  caseinate,  kaolin,  Bordeaux  mixture, 
and  starch  or  dextrin.  The  casein-lime  mixture,  or  calcium  casein- 
ate,  is  the  one  most  generally  used. 

In  this  connection  Eyer  and  Robinson  {31)  have  reported  that  the 
calcium-caseinate  emulsion  is  unstable  in  the  presence  of  magnesium 
sulphate  and  that  oil  may  be  freed. 

The  presence  of  sulphur  {53)  has  been  reported  as  preventing 
emulsification  of  an  oil  with  Bordeaux  mixture. 

EFFECT  OF  MINERAL  OILS  UPON  INSECTS 

Considerable  study  has  been  made  of  the  manner  in  which  mineral 
oils  kill  insects,  although  most  of  it  has  been  merely  of  a  preliminary 
or  fragmentary  nature.  A  brief  summary  of  this  work  will  be 
given. 

Scheifele  {101)  stated  that  it  is  known  that  oils  do  not  act  upon 
insects  through  the  respiratory  system.  This  conclusion  is  the 
direct  opposite  of  that  of  all  others  whose  work  was  reviewed. 

Shafer  {lOJf)  studied  the  action  of  kerosene  and  gasoline  upon 
several  insects  and  came  to  the  conclusion  that  though  both  pene- 
trated a  short  distance  into  the  larger  tracheae  death  was  caused  by 
the  toxicity  of  their  gases  which  apparently  prevented  the  absorp- 
tion of  oxygen  by  the  tissues.  He  decided,  however,  that  death 
was  not  caused  by  suffocation,  since  the  insects  died  more  rapidly 
than  when  immersed  in  water  or  in  an  atmosphere  of  pure  hydrogen. 
He  also  found  that  both  oxygen  and  carbon  dioxide  could  pass 
through  a  thin  layer  of  kerosene. 

Vickery  {110)  also  concluded  that  the  toxicity  of  petroleum  oils 
was  due  to  the  vapor  or  gases  given  off.  He  reported  that  these 
vapors  greatly  stimulated  the  production  of  oxidizing  enzymes 
by  the  oenocytes,  which  are  ductless  glands  in  contact  with  the 
tracheae,  and  that  this  increased  the  rate  of  oxidation  within  the 
insect  to  such  an  extent  as  to  cause  death. 

Moore  {78)  immersed  larvae  of  the  wax  moth  in  oils,  and  upon 
removal  found  that  the  tracheae  were  blocked  and  concluded  that 
death  resulted  from  suffocation.    In  another  paper  he  and  Graham 
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{80)  concluded  that  lubricating  oils  penetrated  the  tracheae  for 
short  distances. 

The  effect  of  highly  refined  lubricating  oil  upon  mealy  bugs  and 
scales  was  studied  by  De  Ong,  Knight,  and  Chamberlin  {26).  They 
found  that  oils  and  oil  emulsions  completely  filled  the  tracheae  when 
the  insects  were  immersed  in  these  fluids.  Kerosenes  penetrated  the 
tracheae,  but  were  sufficiently  fluid  to  be  expelled  by  the  scale ;  and, 
after  their  expulsion,  the  insect  was  able  to  prevent  further  entrance 
for  a  considerable  period.  Lubricating  oils  were  not  expelled, 
probably  owing  to  their  higher  viscosities.  They  also  found  that 
mealybugs  died  more  rapidly  when  immersed  in  water  than  when 
immersed  in  oil.  As  a  result  of  these  studies  they  concluded  that 
the  death  of  scale  insects  through  the  action  of  at  least  refined 
lubricating  oils  was  due  to  suffocation.  English  {29)  also  con- 
cluded that  the  lubricating  oils  produce  death  by  suffocation. 

Nelson  {82)  found  that  kerosene  penetrated  throughout  the 
tracheal  system;  and,  upon  long  exposures,  into  the  muscles  and 
nerve  ganglia. 

Parker  {8It)  studied  to  a  small  extent  the  action  of  oils  upon 
insect  eggs  and  concluded  that  they  caused  gradual  disintegration 
of  the  chitinous  covering  and  coagulation  of  the  embryonic 
protoplasm. 

Oils  have  also  been  reported  {63^  Blf.^  98)  to  be  of  some  value  as 
repellents  for  certain  insects,  preventing  Qgg  deposition. 

CHEMICAL  AND  PHYSICAL  PROPERTIES  REPORTED  AS 
INFLUENCING  THE  TOXICITY  OF  OILS  TO  INSECTS 

Viscosity  has  been  considered  probably  the  best  index  to  toxicity 
of  any  of  the  properties  of  an  oil  {23^  25,  26,  29)  by  the  majority, 
but  not  by  all  workers   (^^,  101)  upon  this  subject. 

Specific  gravity  has  been  reported  as  a  fairly  reliable  index  of 
toxicity  (^i). 

Volatility  (rate  of  evaporation)  is  considered  of  great  importance 
as  influencing  the  permanency  of  the  oil  film.  This  property  is 
related  inversely  to  viscosity. 

The  effect  of  the  degree  of  refining,  as  measured  by  the  sulphona- 
tion  test,  is  unsettled.  An  oil  with  a  low  unsulphonated  residue 
was  considered  somewhat  more  toxic  to  scales  by  De  Ong,  Knight, 
and  Chamberlin  {26)  and  English  (^P),  while  the  latter  considered 
it  of  minor  importance  in  toxicity  to  aphids. 

The  nature  of  the  crude-oil  base  from  which  the  oil  was  derived 
was  considered  of  importance  by  D.  D.  Penny  {89) ,  who  found  those 
from  a  paraffin  base  more  toxic  to  leaf -roller  eggs  than  those  from 
an  asphalt  (naphthene)  base.  Green  {42)  and  Neller  {81)  found 
those  from  both  sources  of  equal  toxicity  to  the  San  Jose  scale  and 
to  leaf  rollers. 

DETERMINATION  OF  THE  EFFECTIVENESS  OF  A  SPRAY 
AGAINST  THE  SAN  JOSE  SCALE 

The  method  most  commonly  employed  in  determining  the  toxicity 
of  oil  sprays  to  the  San  Jose  scale  is  to  compare  the  percentage  dead 
upon  a  sprayed  plat  and  an  unsprayed  check  one  month  after  treat- 
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ment  of  the  former.^  Davis  (i^)  and  Abbott  (2)  have  suggested 
that  these  results  may  be  further  checked  by  subsequent  counts  of 
the  number  of  new  scales  on  a  given  length  of  new  twig  growth  the 
following  spring,  and  of  the  number  of  infested  fruits  at  harvest 
(14)'  By  using  these  additional  checks  Abbott  (2)  concluded  that 
mortality  records  made  30  days  after  treatment  were  accurate. 

The  interval  of  one  month  between  the  time  of  application  and 
noting  the  results  introduces  more  or  less  error  into  the  method, 
owing  to  deaths  from  natural  causes.  Theoretically,  this  is  taken 
care  of  by  the  use  of  unsprayed  checks,  but  practically,  it  is  usually 
not  possible  to  have  sufficiently  large  sprayed  and  check  plats  for 
the  checks  to  represent  accurately  the  sprayed  plats.  The  error  intro- 
duced, however,  is  apparently  not  large. 

SELECTION   OF   PLATS   AND   TREES   AND   METHODS    OF   MAKING 

THE  TESTS 

A  brief  description  will  be  given  of  the  methods  used  in  this 
study  for  the  selection  of  plats  and  count  trees,  and  those  used  in 
taking  the  results. 

Peach  orchards  throughout  the  central  Georgia  peach  belt  were 
inspected  for  the  presence  of  San  Jose  scale,  and  one  was  selected 
for  use  which  had  an  average  of  at  least  1  tree  in  every  10  heavily 
infested.  As  a  rule,  trees  sufficiently  infested  for  use  as  count  trees 
are  not  more  common  than  this.  It  was  necessary,  therefore,  to  use 
approximately  50  trees  for  each  plat.  Heavily  encrusted  or  other- 
wise severely  devitalized  trees  were  not  used,  as  they  were  likely  to 
die  before  the  close  of  the  experiment.  The  block  of  trees  selected 
was  gone  over,  each  tree  examined  and  mapped,  and  those  with  suffi* 
cient  infestation  to  be  used  as  count  trees  indicated.  This  map  was 
then  divided  into  plats,  each  plat  containing  at  least  5,  or  possibly 
more,  infested  trees.  Five  trees  in  each  plat  having  the  heaviest 
infestation  of  live  scales  were  then  selected  as  count  trees  from  which 
records  were  to  be  taken. 

Samples  of  infested  twigs,  each  about  1  foot  lon^,  were  then  taken 
from  the  count  trees.  These  were  tagged  with  their  respective  num- 
bers and  taken  into  the  laboratory,  where  counts  were  made.  Un- 
sprayed check  trees  were  located  at  random  throughout  the  plats. 

All  counts,  both  before  and  after  spraying,  were  made  by  the 
same  man  to  eliminate  the  personal  equation.  Two  hundred  scales 
were  counted  at  random  upon  each  twig  over  a  linear  distance  of  ap- 
proximately 8  inches  where  possible.  Care  was  taken  to  see  that  the 
twigs  and  scales  were  dry  before  being  examined  (61).  These  counts 
were  made  under  a  binocular,  each  scale  covering  being  removed  and 
those  dead  recorded.  This  gave  a  total  of  1,000  scales  examined 
for  each  plat. 

All  count  trees  upon  which  less  than  40  or  50  per  cent  of  the 
scales  were  alive  were  discarded  as  record  trees  and  others  substi- 
tuted where  possible.  This  was  done  since,  if  only  a  small  number 
of  scales  are  alive  at  the  beginning  of  the  experiment,  undue  weight 
will  be  given  in  percentage  control  because  of  the  few  which,  owmg 

'Leibt,  R.  W.,  and  Harris,  J.  A.     Op.  cit.      (See  footnote  4.) 
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to  resistance  to,  or  protection  from,  the  spray  applied,  remain  alive 
through  the  treatment. 

All  trees  in  each  plat,  with  the  exception  of  the  checks,  were 
thoroughly  sprayed  the  day  following  that  upon  which  these  counts 
were  finished.  One  month  later  samples  were  again  taken  from  the 
same  trees,  and  counts  made  exactly  as  before. 

METHODS  USED  IN  COMPUTATION  OF  PERCENTAGE  CONTROL 

The  following  formula  was  recommended  by  Abbott  (1)  for  the 
computation  of  percentage  control: 

X — ?/ 
Percentage  control  ^  -— —  X 100. 

X 

when  iP=percentage  living  in  the  check. 

2/= percentage  living  in  the  treated  plat. 

This  formula  is  rather  generally  used,  but  is  objectionable  for  the 
reason  that  it  is  practically  impossible  under  ordinary  conditions 
to  have  plats  large  enough  for  the  checks  to  represent  accurately 
conditions  throughout  the  experimental  plats.  Great  variation  also 
in  the  percentage  alive  occurs  from  tree  to  tree  and  from  plat  to 
plat  at  the  beginning  of  the  experiment. 

In  some  cases  the  following  formula  gives  more  accurate  results, 
as  it  compensates  for  this  variation: 

Percentage  control—         X 100. 

when  iz?= percentage  alive  in  the  plat  before  treatment. 
;2=percentage  alive  in  the  plat  after  treatment 

In  the  case  of  scale  experiments,  however,  where  the  percentage 
alive  is  determined  one  month  after  treatment,  this  second  formula 
often  does  not  give  accurate  results  because  of  a  high  natural  mor- 
tality due  to  predators,  parasites,  low  temperatures,  and  other  fac- 
tors, and  because  of  the  production  of  young  scales  by  any  females 
left  alive. 

To  compensate  for  heterogeneity,  for  natural  mortality,  and  for 
natural  increase,  the  following  formula  has  been  adopted : 

ax — z 
Percentage  control^— — —  XIOO. 

UrJ/ 

where  a,==percentage  alive  in  checks  at  the  close  of  the  experiment 
divided  by  percentage  alive  in  checks  at  the  beginning 
of  the  experiment. 
a7=percentage  alive  in  plats  before  treatment. 
;2r=percentage  alive  in  plats  after  treatment. 

This  would  perhaps  tend  to  give  a  low  value,  as  the  number  of  scales 
killed  by  predators  is  probably  larger  on  the  unsprayed  checks  than 
on  the  treated  plats.  It  is  believed,  however,  that  the  last  formula 
should  be  the  most  accurate  of  those  given,  and  by  its  use  closely 
agreeing  results  were  secured  in  spray  experiments  over  a  3 -year 
period.  In  its  application  the  probable  error  was  determined  by 
the  Bessel  formula. 
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RESULTS  OF   FIELD   EXPERIMENTS  AGAINST   THE   SAN 

JOSE  SCALE 


TYPE  OF  EMULSION  USED  IN  EXPERIMENTS 

The  Richardson-Griffin  {93)  cold-stirred  soap-oil  emulsion  was 
used  throughout  these  tests,  as  this  type  is  easily  made  up  in  small 
batches  and  is  practically  identical  with  the  Government's  standard 
formula  for  boiled  emulsions.  One  pound  of  potash  fish-oil  soap 
with  moisture  content  of  67  per  cent  was  used  as  an  emulsifier  to 
each  gallon  of  oil.  By  stirring  after  each  addition  of  oil  until 
maximum  stiffness  was  attained,  fairly  uniform  emulsions  were 
secured  throughout  the  range  of  viscosities  used.  The  size  of  the 
droplets  ranged  from  1  to  17/a,  with  modes  of  from  6  to  7,  and  aver- 
ages of  from  4  to  6ja. 

RELATION  OF  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  OILS  TO  TOXICITY 

Analyses  of  various  oils  and  the  results  of  field  tests  over  a  3-year 
period  are  given  in  Table  5. 


Table  5. 


-Experiments  on  the  toxicity  of  various  oils  *  to  the  San  Jose  scale  on 
peach  trees,  Fort  Valley,  Qa.,  1926-1929 


Oil 

No. 

Visco- 
sity 
(Say- 
bolt, 
at  100° 
F.) 

Densi- 
ty at 
20°  0. 

Flash 
point 

Fire 
point 

Un- 
sul- 
pho- 
nated 
resi- 
due 

Vola- 
tility 
(four 
hours 
at 
106° 
C.) 

Apparent  base 

Per  cent  control  obtained  by  dilu- 
tions of— 

Season 

1  per  cent 

2  per  cent 

3  per  cent 

of 
experi- 
ment 

1 

Sees. 
47 
76 
78 
79 
102 
105 
113 
124 
137 
147 
168 
186 
187 
200 
220 
308 

Gram 
per 
cubic 
centi- 
meter 
0.847 
.873 
.882 
.887 
.920 
.884 
.886 
.889 
.924 
.890 
.895 
.898 
.892 
.895 
.920 
.904 

°F. 
276 
325 
345 
349 
312 
365 
374 
365 
325 
390 
404 
387 
405 
422 
428 
440 

0^ 

300 
365 
395 
414 
346 
420 
428 
412 
360 
435 
451 
449 
450 
474 
495 
495 

P.c. 
74.0 
68.8 
64.0 
62.0 
59.0 
64.8 
63.0 
60.0 
59.0 
66.0 
61.0 
0.0 
68.0 
62.0 
60.0 
51.0 

P.ct. 

4.18 

1.50 
.04 
.93 

L75 
.60 
.57 

L21 
.08 
.10 
.60 
.35 
.20 
.22 
.11 
.06 

ParaflBn... 

0.0 
96. 33±0.  52 

1927-28 

? 

do 

1926-27 

3 

Intermeriiate 

do 

Naphthene.. 

96. 11±3.  3 

1927-28 

4 

91. 4=t2. 7 

1928-29 

7 

97.  i6±0.  95 
96.  88±1.  84 

1927-28 

9 

Paraffin 

1926-27 

10 

Intermediate 
Paraffin...  . 

92.2±2.4 
93.8=hl.0 

1928-29 

1? 

99.  25±0.  40 
99.  12zt0.  34 
99.  40iO.  2 

99."25±6."23' 
99.  26±0.  24 

1928-29 

U 

Naphthene.. 

1927-28 

15 

Paraffin 

Intermediate 

do 

Paraffin 

74.  94±4.  29 

1926-27 

IX 

94.  57±3.  2 
96.50±1.0 

19:s8-29 

19 
?0 

....:. 

1928-29 
1926-27 

?] 

do 

Intermediate 
Paraffin      ,   . 

97.  70±0.  3 
96. 06±0.  9 

1928-29 

?."> 

1928-29 

33 

99.  55±0.  22 

1926-27 

1  All  analyses  of  these  oils  were  made  by  the  U.  S.  Bureau  of  Chemistry  and  Soils. 

The  viscosity  of  an  oil  appears  to  be  the  most  accurate  measure 
of  its  toxicity  when  used  as  a  dormant  spray  for  the  control  of 
the  San  Jose  scale.  When  used  at  a  per  cent  strength,  the  coeffi- 
cient of  correlation  between  viscosity  and  toxicity  is  +0.929  for  a 
range  in  viscosity  of  from  79  to  220  seconds.  At  a  3  per  cent 
strength,  in  the  range  of  76  to  124  seconds,  the  coefficient  of  corre- 
lation is  +0.974;  but  oils  of  higher  viscosity  showed  no  further  in- 
crease in  toxicity  within  the  range  of  from  124  to  308  seconds.  An 
oil  of  47  seconds'  viscosity  gave  no  control. 
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For  commercial  spraying,  where  3  per  cent  spray  is  ordinarily 
used,  an  oil  having  a  viscosity  (Saybolt  at  100°  F.)  of  less  than  ap- 
proximately 125  seconds  is  therefore  not  recommended.  It  will  be 
noted  {63^  91)  that  workers  farther  north  have  found  oils  with  vis- 
cosities as  low  as  90  seconds  quite  effective.  As  viscosity  decreases 
with  increase  in  temperature,  the  warmer  winter  climate  in  middle 
Georgia  may  be  responsible  for  the  higher  viscosity  required  here. 
The  dormant  spraying  is  usually  done  here  during  December  and 
January.  The  average  of  the  mean  monthly  temperatures  of  these 
months,  for  the  3-year  period  during  which  these  investigations 
were  conducted,  was  49.3°  F. 

Volatility  (loss  during  four  hours  at  105°  C.)  up  to  1.75  per  cent 
is  apparently  no  measure  of  toxicity  when  oils  of  sufficiently  high 
viscosity  are  used.  (Table  6.)  Oils  of  low  viscosity  (below  50 
seconds)  are  more  highly  volatile  and  are  less  toxic. 

The  unsulphonated  residue  may  vary  widely  without  indicating 
differences  in  toxicity,  as  is  shown  in  Table  7.  The  same  control  was 
given  by  oils  having  no  unsulphonated  residues  and  those  with  resi- 
dues of  68  per  cent. 

The  base  from  which  the  crude  oil  was  derived  apparently  has  no 
value  as  a  measure  of  toxicity,  as  is  shown  in  Table  8.  Flash  and 
fire  points  also  offer  no  indication  as  to  toxicity.  Density  can  not  be 
used  as  a  measure  of  toxicity;  however,  the  density  of  oils  of  the 
same  base  appears  to  give  some  indication  of  toxicity. 

Table  6. — Relation  of  volatility  of  oils  to  control  of  the  San  Jose  scale  on  peach 

trees  at  Fort  Valley,  Ga. 


Oil  No. 

Volatility 

(4  hours  at 

105°  C.) 

Viscosity 
(Saybolt, 
at  100°  F.) 

Strength 

of  dUu- 

tion 

Control 

2    - 

Per  cent 
1.50 

.04 
1.75 

.60 
1.21 

.08 

Seconds 
76 
78 
102 
105 
124 
137 

Per  cent 
3 
3 
3 
3 
3 
3 

Per  cent 
96. 3±0.  5 

3                         ....      

96  1±3  3 

7 

97.  2±0.  9 

9                         

96  9±1  8 

12 

99  2±0  4 

13      

99. 1±0.  3 

Tart.r  7. — Relation  of  rnisulphonated  residue  of  oils  to  contro 
scale  on  peach  trees  at  Fort  Valley,  Oa. 

I  of  the  &an  Jose 

Oil  No. 

Unsul- 
phonated 
residue 

Viscosity 
(Saybolt, 
at  100°  F.) 

Dilution 
of  spray 

Control 

19 .- 

Per  cent 
0.0 
51.0 
59.0 
59.0 
62.0 
62.0 
68.0 
68.8 

Seconds 

186 
308 
137 
102 
200 

79 
187 

76 

Per  cent 
3 
3 
3 
3 
2 
2 
3 
3 

Per  cent 
99.  3±0. 2 

33 

99.  5±.  2 

13                                                                                                .  . 

99.  1±.  3 

7 .- 

97.  2±.  9 

21  .                                                                 

97.  7±.  5 

4 

91.  4±2.  7 

20 

99.  3±.  2 

2 

96.  3±.  5 

• 
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Table  8. — Relation  beticeen  ha^e  of  crude  oil  and  control  of  San  Jose  scale  on 
peach  trees  at  Fort  Valley,  Qa, 


Oil 
No. 

Base  of  crude  oil 

Viscosity 
(Saybolt 
at  100°  F.) 

Control 

7 

Seconds 
102 
137 
105 
124 
147 

Per  cent 
97. 2±0. 9 

13 

(Jo                                                                                 . - 

99. 1±.  3 

9 

96. 9±1. 8 

12 
15 

do 

do 

99.  3±.  4 
99.  4±.  2 

CONCENTRATION  OF  OIL  REQUIRED  FOR  THE  CONTROL  OF  THE 

SAN  JOSE  SCALE 

Tests  with  various  concentrations  of  oil  emulsions  have  been  con- 
ducted at  the  Fort  Valley,  Ga.,  laboratory  on  a  semicommercial 
scale  since  1922.  The  average  of  four  years  results  against  the  San 
Jose  scale  are  given  below.  All  oils  used  had  a  viscosity  of  over  175 
seconds. 

Oil  in  emulsion  Per  cent  control 

1  per  cent 91.  0 

11/2  per  cent 96.  9 

2  per  cent 96.1 

3  per  cent 99.1 

Owing  to  the  rapid  reproduction  of  the  San  Jose  scale  in  the 
South  severe  injury  may  result  to  the  tree  and  fruit  unless  practically 
100  per  cent  control  is  obtained.  For  this  reason,  only  the  3  per  cent 
dilution  is  recommended  for  commercial  use.  When  the  trees  are 
heavily  encrusted,  two  applications  of  a  3  per  cent  oil  spray  are 
usually  necessary  to  clean  up  the  infestation  successfully.  As  a  few 
scales  always  escape  destruction,  peach  trees,  especially  those  under 
6  years  of  age,  should  be  sprayed  yearly  as  insurance  against  severe 
injury. 

Old  orchards  adjoining  young  orchards  must  also  be  sprayed  as 
a  protection  to  the  latter.  The  necessity  for  this  is  shown  by  the 
following  experience  gained  in  1927:  Each  tree  in  a  2-year-old 
orchard  adjoining  an  old  unsprayed  orchard  was  thoroughly  ex- 
amined for  scale  in  the  fall,  and  none  could  be  found.  Neither 
orchard  was  sprayed  that  winter.  Before  the  following  fall  the 
young  trees  became  heavily  encrusted,  and  25  per  cent  of  them  were 
entirely  killed,  apparently  having  become  infested  from  the  old 
orchard  adjoining. 

Unfavorable  results  occasionally  followed  the  use  of  an  oil  emul- 
sion in  Georgia  within  the  first  few  years  after  it  was  recommended 
to  growers.  The  main  reason  for  this  was  found  to  lie  in  the  fact 
that  many  commercially  manufactured  emulsions  contained  con- 
siderably less  oil  than  was  implied  by  the  label.  The  directions 
given  usually  stated  that  9  gallons  of  the  concentrated  emulsion 
should  be  added  to  191  gallons  of  water  to  secure  a  3  per  cent  spray. 
To  give  this  strength  at  this  dilution,  the  stock  emulsion  must  con- 
tain 66%  per  cent  of  oil  by  volume. 
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Tests  made  of  numerous  brands  in  1926  showed  that  the  oil  content 
of  the  stock  emulsions  ranged  from  40.4  to  67.2  per  cent,  the  average 
being  approximately  60  per  cent.  This  resulted  in  the  use  of  sprays 
usually  containing  too  little  oil  for  effective  results.  The  oil  content 
of  emulsions  used  in  Georgia  has  now  been  officially  set  at  not  less 
than  66  per  cent  oil  by  volume. 

It  has  been  reported  by  Frost  (34)  that  if  the  same  strength  spray 
was  used,  a  heavy  application  gave  good,  and  lighter  application 
poorer  control  of  aphid  eggs.  This  undoubtedly  also  holds  good 
for  other  insects;  and  as  the  application  usually  made  by  experi- 
mental workers  may  safely  be  classed  as  heavy,  whereas  those  made 
by  growers  are  generally  much  lighter,  this  may  also  explain  why 
poorer  control  is  often  secured  by  the  latter. 

EFFECT  OF  RAIN  AFTER  APPLICATION 

Jarvis  (67)  stated  that  if  rain  occurred  before  the  water  in  the 
emulsion  on  the  trees  evaporated,  respraying  would  be  necessary. 

In  1926,  0.76  inch  of  rain  fell  less  than  six  hours  after  the  spraying 
was  completed,  but  no  reduction  in  the  control  resulted.  Practically 
the  same  conditions  were  experienced  on  several  other  occasions. 
After  the  water  has  evaporated  and  the  oil  has  been  deposited  upon 
the  tree,  subsequent  rains  appear  to  be  without  influence  upon  tox- 
icity, and  respraying  is  then  apparently  unnecessary. 

QUICK-BREAKING  VERSUS  PERMANENT  EMULSIONS 

The  first  emulsions  used  were  mechanical  mixtures  made  by  dis- 
charging a  stream  of  oil  and  a  stream  of  water  simultaneously 
through  the  same  nozzle.  As  these  often  injured  the  trees,  "  perma- 
nent" oil  emulsions  were  devised  (66^  67^  86^  96),  and  these  have 
proven  the  most  satisfactory  up  to  the  present  time. 

In  1903  Volck  (111)  stated  that  mechanical  mixtures  of  oil  and 
water  were  replacing  the  permanent  emulsions  in  California.  He 
claimed  that  as  the  former  gave  up  their  oil  quickly  upon  reaching 
the  tree  they  were  much  more  effective  and  seemed  to  spread  out  over 
a  relatively  greater  surface.  He  also  reported  trying  out  the 
application  of  oil  by  the  use  of  an  air  blast. 

In  1909  Jones  (68)  used  a  mechanical  or  "  quick-breaking  "  emul- 
sion, temporarily  emulsified  with  caustic  soda,  upon  several  scale 
insects  and  found  that  it  gave  poorer  control  than  the  more  perma- 
nent emulsion  made  with  fish-oil  soap. 

In  1927  De  Ong,  Knight,  and  Chamberlain  {^6)  recommended 
the  use  of  a  quick -breaking  emulsion  made  with  a  casein-lime  emulsi- 
fier.  They  made  the  same  claims  for  it  as  Volck  had  previously 
made  for  the  quick-breaking  type,  and  were  able  to  show  that  more 
oil  was  retained  by  trees  when  sprayed  with  this  type  of  emulsion 
than  when  sprayed  with  the  more  stable  emulsions  ordinarily  used. 
By  the  use  of  this  tj^pe  of  emulsion  a  lower  oil  content  could  be 
used  in  the  spray  with  equal  effectiveness.  They  recommended  a 
2  per  cent  strength. 

An  unstable  or  quick-breaking  emulsion  differs  from  the  more 
stable  types  in  that  less  emulsifier  is  used,  the  oil  droplets  are  much 
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larger,  and  oil  separates  from  the  emulsion  much  more  readily.  The 
emulsion  theoretically  "  breaks  "  and  frees  the  oil  immediately  upon 
being  applied  to  the  trees.  As  oil  is  the  active  principle  in  an  emul- 
sion, it  therefore  becomes  immediately  available  as  an  insecticide. 
This,  and  the  fact  that  much  less  oil  is  lost  in  the  drip,  or  "  run-off," 
from  trees  is  supposed  to  make  this  tj-pQ  of  emulsion  much  more 
effective. 

Griffin,  Eichardson,  and  Burdette  (46)  concluded  that  the  size  of 
the  oil  droplets  in  an  emulsion  influenced  toxicity  to  aphids,  those 
with  the  larger  droplets  being  more  toxic.  They  also  found  that 
more  oil  was  retained  by  plants  when  the  oil  droplets  were  large 
than  when  they  were  small.  This  they  explained  by  the  assumption 
that  plant  surfaces  tend  to  repel  oil  droplets,  as  both  have  a  negative 
electrical  charge;  for,  since  electrical  charge  is  a  surface  phenome- 
non, a  small  droplet  carries  a  greater  charge  than  a  large  droplet 
in  comparison  to  its  volume,  and  the  latter  would  consequently  have 
a  much  greater  chance  of  adhering  to  the  plant. 

English  (^9)  also  claimed  that  a  quick-breaking  emulsion  was  the 
more  toxic  and  that  large  droplets  are  an  indication  of  an  unstable 
emulsion,  and  small  droplets  of  a  stable  emulsion. 

Ginsburg  (36)  reported  that  emulsions  and  miscible  oils  which, 
when  diluted,  gradually  liberated  oil  upon  the  surface  of  the  liquid, 
were  the  most  toxic  to  red-mite  eggs.  Permanent  emulsions  gave 
poorer  control,  whereas  those  releasing  oil  quickly  upon  dilution  were 
least  toxic. 

Quick-breaking  emulsions  can  be  made,  using  smaller  quantities 
of  any  of  the  previously  mentioned  emulsifiers  than  are  ordinarily 
used,  this  resulting  in  a  less  stable  emulsion  with  larger  oil  droplets. 

As  the  size  of  the  oil  globules  in  various  emulsions  is  considered  of 
some  importance,  this  was  measured  in  the  more  common  types. 
(Table  9.) 

Davey  (12)  has  suggested  that  the  average  size  of  the  oil  droplets 
in  a  permanent  emulsion  can  be  measured  by  the  area  spread  upon 
the  surface  of  clean  water  in  a  manner  similar  to  that  used  by 
Langmuir  in  measuring  molecular  dimensions.  This  method  would 
be  accurate  only  upon  the  assumption  that  all  droplets  remained 
upon  the  surface  of  the  water  in  a  layer  only  one  droplet  deep. 

Griffin  (^^),  and  Griffin,  Richardson,  and  Burdette  (46)  measured 
the  droplets  directly  upon  a  slide  under  a  microscope.  This  method 
was  adopted  by  the  present  writers  because  it  was  simple  and  reason- 
ably accurate.  Each  emulsion  was  diluted  to  spray  strength,  mixed 
thoroughly,  a  sample  placed  in  a  drop  of  water  upon  a  slide,  and 
spread  out  into  a  thin  film.  Fifty  droplets  were  measured  under 
a  microscope  upon  various  portions  or  the  slide  and  their  sizes 
recorded.  Each  emulsion  was  again  shaken  and  a  sample  taken. 
This  was  repeated  until  a  total  of  200  droplets  had  been  measured 
for  each  emulsion.  The  sizes  of  the  oil  droplets  in  various  types  of 
emulsions  and  miscible  oils  are  given  in  Table  9, 
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TABr,B  9. — Size  of  oil  droplets  in  various  emulsions  and  misoible  oils 


Type  of  emulsion 


Diameter  of  oil  droplets 


Maxi- 
mum 


Mini- 
mum 


Average 


Mode 


Government  standard  boiled  soap-oil  emulsion,  sample  1 

Government  standard  boiled  soap-oil  emulsion,  sample  2 

Government  standard  boiled  soap-oil  emulsion,  sample  3 

Cold-stirred,  1  pound  of  soap  to  1  gallon  of  oil  (125  seconds 

viscosity) 

Cold-stirred,  1  pound  of  soap  to  1  gallon  of  oil  (220  seconds 

viscosity) 

Cold-stirred,  J^  pound  of  soap  to  1  gallon  of  oil  (125  seconds 

viscosity) 

Cold-stirred,  2  pounds  of  soap  to  1  gallon  of  oil  (125  seconds 

viscosity) - 

Cold-stirred  cresol-soap  emulsion 

Cold-stirred  amyl  alcohol-soap  emulsion 

Cold-stirred  butyl  alcohol-soap  emulsion 

Cold-stirred  red  oil  emulsion 

Cold-pumped  calcium  caseinate  (Missouri  formula) 

Commercial  rniscible  oil,  sample  1 

Commercial  miscible  oil,  sample  2... 

California  "quick-breaking"  emulsion  3 


Microns 
8 
9 
11 


17 


25 


Microns 
2 
2 
2 

1 

1 

1 

1 

(1) 

0) 
1 
1 
3 


Microns 
4 


Microns 
4 
2 
6 

6 

7 

10 


(2) 


(2) 


2.5 


2:5 
1 
15 


6 
1 

2 

2 
11 
1.6 

20 


1  Too  small  for  measurement  under  high  power  of  microscope. 

2  Less  than  1  fi. 

3  Sample  taken  as  it  left  the  spray  rods. 

For  the  cold-stirred  emulsions  a  good  soap  was  used,  and  they  were 
stirred  very  thoroughly.  This  procedure  gave  approximately  the 
smallest  droplets  that  could  be  secured  in  cold-stirred  emulsions. 
The  use  of  a  poor  soap  or  less  stirring  resulted  in  less  stable  emul- 
sions with  larger  droplets.  Samples  1  and  3  of  the  Government's 
standard  emulsion  were  pumped  at  a  pressure  of  from  300  to  325 
pounds,  whereas  sample  2  was  pumped  at  a  pressure  of  350  to  375 
pounds.  The  Missouri  emulsion  was  made  at  the  pressure  ordinarily 
used  of  175  to  200  pounds. 

The  viscosity  of  the  oil  apparently  may  range  from  125  to  220 
seconds  practically  without  influence  upon  the  size  of  the  oil  drop- 
lets. According  to  Huber  (62)  a  reduction  in  the  quantity  of  emul- 
sifier  increases  the  size  of  the  oil  droplets  and  decreases  the  stability 
of  the  emulsion. 

When  cresol  or  amyl  or  butyl  alcohols  are  used  with  soap  in  the 
production  of  cold-stirred  emulsions,  the  size  of  the  oil  particles  is 
approximately  the  same  as  that  of  miscible  oils. 

RESULTS  OF  TESTS  WITH   QUICK-BREAKING  AND  PERMANENT  EMULSIONS 

In  Table  10  are  given  the  results  of  tests  with  a  number  of  emul- 
sions having  oil  droplets  of  varying  sizes.  Emulsions  the  average 
sizes  of  whose  oil  droplets  ranged  from  Ijn  to  9/x  showed  little  differ- 
ence in  toxicity  in  field  tests.  A  quick-breaking  type  of  emulsion 
where  the  oil  droplets  had  an  average  size  of  15/x  was  somewhat 
more  effective  than  the  much  more  stable  red-oil  emulsion. 
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Table  10. — Size  of  oil  globules  in  variotis  emulsions  and  efflciencu  in  control 


Type  of  emulsion 


Emulsifier 


Diameter  of  oil 
droplets 


Range      Average 


Viscosity 

of  oU 

(Saybolt 

at  100°  F.) 


Control 

obtained  at 

2  per  cent 

strength 


Government  standard... 

Cold-stirred 

Missouri  cold-pumped... 

Cold-stirred 

Quick-breaking 

Cold-stirred 

California    quick-break- 
ing. 


Potash  fish-oil  soap 

Cresol-soap 

Casein-lime 

Red  oU-potassium  hydroxide. 

Casein-lime  i 

Potash  fish-oil  soap 

Casein-lime  ^ 


Microns 

2-8 
1  -  4 
3  -29 
1  -15 
2.5-40 
1    -17 


Microns 
4 
1 
9 
2 
15 


20 


Seconds 
220 
220 
200 
137 
137 
186 
186 


Per  cent 
93.  7±1.  3 
93.  7±1.  5 
94. 9±  .  4 
92.  2±2.  7 
96.  7±1.  3 
96.  5±1.  0 
89.  2±2.  5 


1  Used  in  the  proportion  of  4  ounces  per  gallon  of  oil. 
*  Used  in  the  proportion  of  1.5  ounces  per  gallon  of  oil. 

3  Ranges  from  droplets  2  ^  in  diameter  to  quantities  of  free  oil  present  due  to  ineflicient  agitator  on  spray 
outfit. 

The  California  quick-breaking  emulsion  (26)  was  tested,  but  was 
found  to  be  insufficiently  stable  for  use  with  the  ordinary  spray  out- 
fit, the  amount  of  agitation  being  insufficient  to  keep  the  oil  emulsi- 
fied. As  a  result,  trees  sprayed  while  the  tank  was  full  received  too 
dilute  a  spray,  whereas  those  sprayed  when  the  tank  was  nearly 
empty  received  too  much  oil. 

The  oil  content  of  the  spray  from  a  quick-breaking  emulsion, 
taken  from  the  spray  rods  of  an  outfit  having  as  efficient  an  agitator 
as  any  outfit  used  in  central  Georgia,  was  tested  at  intervals  and 
the  results  are  given  in  Table  11.  The  maximum  quantity  of 
casein-lime  recommended  (26)  was  used  as  the  emulsifier.  Appar- 
ently an  insufficient  quantity  of  emulsifier  was  recommended  for 
use  with  the  ordinary  type  of  outfit;  for  when  the  tank  was  full 
the  concentration  of  oil  applied  was  too  low  for  efficient  results, 
whereas  the  last  material  to  pass  through  the  spray  rods  contained 
sufficient  oil  to  injure  even  dormant  trees.  Where  outfits  wdth  less 
efficient  agitators  were  used,  results  were  even  worse.  In  one  case 
about  half  the  oil  remained  unemulsified  and  would  have  caused 
severe  injury  if  the  tank  had  been  completely  sprayed  out.  In  the 
table  there  is  also  shown  for  comparison  the  oil  content  of  the  spray 
at  the  same  points  from  the  Government  standard  boiled  emulsion. 

Table  11. — Oil  content  of  spray  delivered  from  spray  rods  hy  an  outfit  having  a 
very  efficient  agitator,  mith  tux)  types  of  envulsions  each  containing  2  per  cent 
of  oil  by  volume,  Fort  Valley,  Ga. 


Oil  in  spray  i  when  tank  contamed— 

Oil  in  last 
material  to 

Type  of  emulsion 

200  gallons 

20  gallons 

5  gallons 

come 

through 

rods 

California  quick-breaking  emulsion  * 

Per  cent 
L3 
L9 

Per  cent 
1.4 
2.0 

Per  cent 
4.4 
2.0 

Per  cent 
64  0 

Government  standard  boiled  emulsion 

2.0 

1  Samples  collected  from  spray  rods. 

2  Emulsified  with  casein-lime  used  in  the  proportion  of  1.5  ounces  per  gallon  of  oil. 
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The  control  secured  with  a  quick-breaking  emulsion  was  slightly 
better  than  that  secured  with  emulsions  of  the  very  stable  type, 
but  no  better  than  the  average  results  obtained  over  a  7-year  period 
with  the  Government  standard  boiled  emulsion  of  the  same  oil  con- 
centration. 

SUMMER  VERSUS  WINTER  APPLICATIONS  FOR  SAN  JOSE  SCALE 

CONTROL 

Summer  applications  of  oil  emulsions  upon  deciduous  trees  for  the 
control  of  the  San  Jose  scale  have  been  tried  by  a  number  of  work- 
ers {S,  4?  -^^)»  They  have  proven  uniformly  much  less  successful 
than  the  winter  applications  and  have  not  been  recommended  (12^) 
except  in  cases  where  it  is  necessary  to  hold  the  scale  in  check  till 
the  dormant  treatment  can  be  applied.  This  reduction  of  effective- 
ness is  apparently  due  to  the  too  rapid  evaporation  of  the  oil  at 
summer  temperature,  and  to  the  presence  of  foliage  which  makes  it 
much  more  difficult  to  secure  uniform  coverage  of  the  tree  with 
the  spray.  On  citrus  trees,  better  results  are  reported  (118)  from 
fall  than  from  spring  spraying  with  oil  emulsions. 

USE  OF  VARIOUS  MATERIALS  TO  INCREASE  THE  TOXICITY  OF  OIL 

EMULSIONS 

As  it  has  been  shown  that  oils,  free,  and  in  the  form  of  emulsions, 
penetrate  the  tracheae  of  insects,  they  would  appear  as  ideal  vehi- 
cles for  the  carrying  of  respiratory  poisons  into  the  tracheae  where 
they  would  be  most  effective.  As  early  as  1891,  Gillette  (35)  found 
that  dry  pyrethrum  added  directly  to  a  kerosene  emulsion  greatly 
increased  the  toxicity  of  the  latter  to  various  insects.  In  1928,  De 
Ong  (21,  22y  2J{)  recommended  that  free  nicotine  be  dissolved  in  oil 
and  then  emulsified,  claiming  that  toxicity  to  insects  was  greatly  in- 
creased thereby.  Hammond  (60)  has  reported  that  nicotine  sul- 
phate added  to  the  diluted  emulsion  did  not  increase  toxicity  to 
aphids. 

The  writers  have  tried  an  emulsion  made  from  a  lubricating  oil 
in  which  paradichlorobenzene  was  dissolved,  with  somewhat  prom- 
ising results  against  the  San  Jose  scale. 

The  most  promising  field  for  the  use  of  this  type  of  oil  insecticide 
would  appear  to  be  against  various  feeding  and  sucking  insects  dur- 
ing the  summer,  as  temperatures  are  then  sufficiently  high  for  rapid 
volatilization  of  the  active  material  incorporated  in  the  oil. 

EFFECT  OF  MINERAL  OILS  UPON  PLANTS 

EFFECT  OF  FREEZING  TEMPERATURES  AFTER  SPRAYING 

Oil  sprays  have  been  widely  used  for  a  number  of  years  upon 
dormant  fruit  trees  without  injury  excepting  under  certain  condi- 
tions. Wakeland  (112)  reported  that  injury  occurred  upon  his  ex- 
perimental plats  when  the  temperature  fell  to  18°  F.  on  the  day 
following  the  application  of  the  oil  spray.  Porter  (91)  cited  a  case 
in  which  injury  occurred  when  the  oil  sprays  were  applied  during 
a  snowstorm.    Others  (30, 121)  have  also  stated  that  oil  sprays  were 
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likely  to  injure  dormant  trees  if  freezing  temperatures  followed  im- 
mediately after  the  application,  although  Isely  {6Jt)  and  others  (i^^) 
have  reported  that  no  injury  occurred  to  deciduous  trees  under  these 
conditions  when  a  2  to  4  per  cent  spray  was  used.  It  is,  however,  ap- 
parently safer  to  follow  the  commonly  recommended  practice  of 
spraying  only  when  the  temperature  is  above  40°  F. 

EFFECT  OF  SUMMER  APPLICATIONS 

Summer  applications  of  oil  sprays  are  much  more  likely  to  cause 
injury,  especially  to  the  foliage  and  fruit.  Volck  (iii,  p.  15)  found 
that  toxicity  to  plants  increased  with  increase  in  specific  gravity. 
Gray  and  De  Ong  {Jfl)  also  found  this  to  be  the  case,  but  De  Ong, 
with  Knight  and  Chamberlain  {26)^  later  reported  that  toxicity  was 
more  nearly  related  to  viscosity  than  to  specific  gravity.  English 
{29)  stated  that  the  higher  the  viscosity  and  the  lower  the  volatility, 
the  more  likely  an  oil  is  to  injure  plants.  Moore  and  Graham  (7c9) 
found  the  oils  with  lower  boiling  points  more  toxic  to  plants  than 
high-boiling  oils. 

Gray  and  De  Ong  (^i),  and  De  Ong  {19)  found  that  the  degree 
of  refining  of  an  oil,  as  measured  by  the  sulphonation  test,  greatly 
influenced  the  toxicity  of  an  oil  to  foliage;  the  higher  the  unsul- 
phonated  residue,  the  safer  the  oil  was  for  use  on  plants.  This  con- 
clusion has  also  been  reached  by  others  {23^  29,  S^) .  This  factor  has 
been  reported  to  be  without  influence  upon  toxicity  to  dormant 
trees  {99). 

The  ease  of  oxidation  of  an  oil  {23)  has  also  been  suggested  as  a 
factor  influencing  injury. 

Even  when  highly  refined  oils  are  used  upon  trees  or  plants  during 
their  active  season,  considerable  injury  has  been  reported  to  result. 
Through  the  use  of  oil  sprays  blossoming  may  be  delayed,  or 
occasionally  advanced  {6,  68)  ;  premature  dropping  of  leaves  and 
fruit  may  occur  (^,  26,  27,  36, 116)  ;  coloration  and  ripening  of  fruit 
may  be  retarded  {6,  26,  116,  117,  122)  ;  and  the  greasy  residue  left 
may  occasionally  be  objectionable  on  ornamentals  {113).  Lack  of 
sunlight  seemed  to  have  influenced  the  amount  of  injury  caused  by 
an  oil  spray  on  certain  ornamental  plants  {10). 

A  staining  method  for  the  study  of  the  penetration  of  oil  sprays 
into  plant  tissue  has  been  described  by  Knight  {69). 

EFFECT  OF  OIL  EMULSIONS  UPON  PEACH  TREES 

CONCENTRATION  OF  LUBRICATING  OIL  TOXIC  TO  PEACH  TREES 

Oil  sprays  applied  to  peach  trees  practically  never  contain  over  3 
per  cent  of  oil  by  volume.  No  case  of  injury  to  the  trees  by  this 
strength  has  been  observed  by  or  reported  to  the  writers  over  the  10- 
year  period  in  which  oil  emulsions  have  been  used  as  a  dormant  spray 
in  Georgia.  In  several  instances  an  oil  spray  of  9  per  cent  strength 
has  been  used  commercially  without  injury.  A  series  of  sprays  rang- 
ing in  oil  content  from  3  to  66%  per  cent  were  applied  to  the  same 
peach  trees  each  year  for  three  years,  starting  when  the  trees  were 
1  year  old.    When  applied  while  the  trees  were  dormant  no  injury 
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was  caused  by  concentrations  below  25  per  cent.  The  25  per  cent 
spray  killed  the  tips  of  a  few  twigs,  the  40  per  cent  spray  killed  the 
young  twigs  down  to  the  main  branch,  and  the  66%  per  cent  spray 
killed  twigs  and  branches  down  to  the  trunk.  Entire  trees  were  not 
killed  by  any  of  these  concentrations.  The  unsulphonated  content 
of  an  oil  up  to  95.2  per  cent  did  not  influence  the  toxicity  to  dormant 
trees. 

When  the  oil  sprays  were  applied  after  the  buds  had  burst  and  the 
blossoms  and  leaves  had  started  growth,  the  3  per  cent  and  6  per  cent 
spray  burned  leaves  and  blossoms  slightly;  the  12  per  cent  spray 
killed  practically  all  the  buds  which  had  burst ;  and  the  25  per  cent 
and  40  per  cent  sprays  killed  the  tips  of  the  twigs.  A  white  oil 
(plate  1)  caused  much  less  injury  when  applied  at  this  stage  than  did 
a  red  oil.  (Plate  2.)  Apparently  a  high  unsulphonated  residue 
indicates  low  toxicity  to  leaves  and  blossoms. 

Red  lubricating  oils  caused  severe  defoliation  and  twig  injury  at 
a  concentration  as  low  as  1.5  per  cent  when  used  as  a  summer  spray. 
White  oils  caused  only  slight  injury  to  leaves  at  3  per  cent  strength. 
These  results  agree  with  those  previously  reported  {36,  37,  J^l), 

DESCRIPTION  OF  INJURY 

Twigs  injured  by  oil  sprays  applied  during  the  winter  begin  to  die 
from  the  tips  downward.  The  bark  and  cambium  present  a  brown, 
water-soaked  appearance  and  have  a  sour  smell.  The  twig  later 
shrivels  and  dries  up.  Small,  round,  broAvn  spots  bordered  with  red 
are  formed  upon  green  growing  twigs  and  leaves  by  the  applica- 
tion of  red  lubricating  oil  sprays  during  the  summer.  These  spots 
resemble  arsenical  injury  but  are  usually  smaller  and  more  numerous. 

EFFECT   OF  TIME  OF  APPLICATION  UPON  BLOOMING  PERIOD 

The  blooming  period  of  fruit  trees  has  been  reported  to  be  both 
delayed  and  advanced  by  the  use  of  oil  sprays  {6,  68).  De  Ong  {20) 
reported  that  spraying  while  the  tree  was  entirely  dormant  was  with- 
out effect;  whereas  applications  made  either  just  before  dormancy 
began  in  the  fall,  or  just  after  it  was  broken  in  the  spring,  retarded 
blossoming.  While  no  such  effects  had  been  noticed  by  the  writers 
in  Georgia  peach  orchards  over  a  series  of  years,  the  following  experi- 
ments were  conducted  to  secure  more  accurate  data  upon  this  point. 

Three  blocks  of  Elberta  trees  were  sprayed  with  a  3  per  cent  oil 
to  determine  the  effect  of  time  of  application  upon  blooming.  One 
block  was  sprayed  in  November  while  a  few  green  leaves  still 
remained  upon  the  trees,  another  was  sprayed  in  the  middle  of  De- 
cember when  the  trees  were  entirely  dormant,  and  the  third  was 
sprayed  in  February  just  after  the  buds  had  begun  to  break.  The 
trees  in  all  three  blocks  bloomed  at  the  same  time,  and  no  differ- 
ences could  be  detected. 

No  evidences  of  later  blossoming  have  been  observed  even  when  a 
25  per  cent  spray  was  applied  while  trees  were  dormant.  The  only 
time  oil-sprayed  trees  were  found  to  bloom  later  than  unsprayed 
trees  was  when  12,  25,  and  40  per  cent  oil  sprays  were  applied  when 
the  earliest  buds  were  in  the  pink  stage.    These  early  buds  were 
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PLATE    1 


EFFECT  OF  Oil-Emulsion  sprays  on  Peach  Trees 

These  trees  were  sprayed  with  emulsions  of  a  white  oil  (unsulphonated  residue  95.2  per  cent)  after 
the  buds  had  begun  to  burst.  A,  At  12  per  cent  strength;  B,  at  25  per  cent  strength;  and  C, 
at  40  per  cent. 
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Plate  2 


B 
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Effect  of  Oil-Emulsion  sprays  on  peach  Trees 

These  trees  were  sprayed  with  emulsions  of  red  engine  oil  (unsulphonated  residue  59  per  cent)  after 
the  buds  had  begun  to  burst.  A,  At  12  per  cent  strength;  B,  at  25  per  cent  strength;  and  C,  at 
40  per  cent. 
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killed  by  the  oil,  and  consequently  the  trees  appeared  to  bloom 
slightly  later  than  unsprayed  ones. 

CUMULATIVE  INJURY 

As  has  been  pointed  out  previously,  lubricating  oils  are  oxidized 
rather  readily  by  the  oxygen  of  the  air,  and  rapidly  by  microorgan- 
isms, with  the  final  production  of  water-soluble  acids  or  of  carbon 
dioxide  and  water.  Since  the  oil  is  spread  out  in  a  very  thin  layer 
over  the  surface  of  the  tree,  conditions  would  be  very  favorable 
for  such  oxidation,  and  an  oil  film  would  hardly  be  expected  to 
remain  upon  a  tree  for  any  great  length  of  time.  Cumulative 
injury  would  therefore  not  ordmarily  be  expected  to  occur. 

Since  practically  no  data  were  available  upon  this  point,  the 
results  of  the  following  experiments  conducted  by  the  writers  are 
given.    All  sprays  were. applied  while  the  trees  were  dormant: 

Two  hundred  peach  trees  were  sprayed  each  year  for  eight  years  with  a 
3  per  cent  oil  spray.     No  injury  to  the  trees  could  be  detected. 

Trees  sprayed  for  three  years  with  a  12  per  cent  oil  spray  were  uninjured. 

Trees  sprayed  for  three  years  with  a  25  per  cent  oil  spray  showed  no  greater 
injury  the  third  year  than  they  did  the  first. 

It  may  be  concluded  from  the  foregoing  experiments  that  there 
is  practically  no  danger  from  cumulative  injury  when  the  oil  appli- 
cations are  made  approximately  one  year  apart. 

There  is,  however,  possibility  of  danger  from  more  frequent  appli- 
cations. Two  or  more  applications  of  a  3  per  cent  oil  spray  are 
often  necessary  for  the  proper  control  of  scales  upon  encrusted  trees, 
and  these  must  be  applied  within  the  dormant  period  of  approxi- 
mately three  months.  Table  12  gives  the  results  of  a  number  of 
experiments  made  to  determine  the  effect  of  repeated  applications  of 
oil  sprays  of  different  strength. 

Table  12. — Tests  for  cumulative  injury  from  oil  sprays  on  dormant  peach  treeSj 

Fort  Valley,  Ga.,  1928 


Oil  content  of  spray  (per  cent) 

Applica- 
tions 

Interval 

between 

applications 

Injury 

3       

Number 
2 

2 
3 

4 

26 

1  month.. 

None. 

6              - 

Do. 

6 

1  week 

do 

do.-- 

do.-- 

do 

Do. 

6                  .       

Do. 

5 

Killed  tips  of  one  twig.i    No  other  injury. 

6     

No  injury. 

6                             

Killed  tips  of  several  twigs.    No  other  injury . 

1  Tree  1  year  old;  3-year-old  trees  were  uninjured. 
»  All  trees  sprayed  5  and  6  times  were  3  years  old. 


Three  weekly  applications  of  oil  spray  containing  6  per  cent  oil 
were  made  without  injury  to  trees  only  1  year  old;  and  five  weekly 
applications  were  made  to  3-year-old  trees  without  causing  injury. 
It  is  evident  from  these  results  that  there  is  little  danger  of  injury 
from  several  applications  of  a  3  per  cent  oil  spray  during  one  season. 
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THE  WETTING  OR  SPREADING  POWER  OF  SPRAYS  AND 
THE  RELATIVE  COVERING  POWER  OF  VARIOUS  DOR- 
MANT SPRAYS 

Considerable  attention  has  been  given  by  a  number  of  workers  to 
methods  of  comparing  the  "  spreading  "  or  "  wetting "  power  of 
various  spray  materials. 

Moore  and  Graham  (80)  stated  that  the  degree  of  spreading  of  a 
spray  upon  a  surface  depended  upon  the  relative  strengths  of  the 
forces  of  adhesion  and  of  cohesion  (and  consequently  of  surface 
tension).  They  suggested  that  the  distance  a  spray  penetrated  into 
the  tracheae  of  an  insect  should  be  taken  as  a  measure  of  its  spreading 
power  on  chitin. 

Robinson  (97)^  while  agreeing  that  low  surface  tension  was  an 
indication  of  good  spreading  power,  was  unable  to  establish  any 
proportional  relationship  between  the  two.  Cooper  and  Nuttall  (11) 
concluded  that  the  interfacial  tension  between  the  liquid  and  the 
solid  upon  which  it  spread  was  a  better  indication  of  its  spreading 
power  than  surface  tension.  As  the  interfacial  tension  between  a 
liquid  and  solid  can  not  be  readily  measured,  and  as  leaves,  fruit, 
and  young  twigs  are  usually  covered  with  a  waxy  material,  they 
determined  the  interfacial  tension  between  the  spray  solution  and 
paraffin  oil. 

Woodman  (1^9)  determined  the  weight  of  a  spray  solution  which 
would  cling  to  a  glass  slide  or  leaf  under  definite  conditions  and 
found  this  somewhat  related  to  spreading. 

English  (29)  tried  measuring  the  angle  of  contact  (11;  4^,  p.  ^39^ 
footnote;  119)  between  a  drop  of  spray  and  the  plant  surface  and 
adopted  a  modification  of  this  method  as  an  indication  of  the  spread- 
ing power  of  a  liquid  spray.  He  found  that  emulsifiers  of  high 
wetting  ability  produced  emulsions  of  greatest  toxicity  to  aphids, 
other  things  being  equal,  but  was  unable  to  find  any  correlation 
between  this  factor  and  toxicity  to  scale  insects. 

It  would  appear  that  a  spray  with  high  spreading  power  should 
cover  a  greater  surface  than  one  with  much  less  spreading  power. 
On  the  basis  of  this  reasoning  Jarvis  (66)  stated  that  1  gallon  of  an 
oil  spray  would  cover  as  much  tree  surface  as  li/^  gallons  of  lime- 
sulphur.  Experimental  workers  in  general  have  accepted  this  as  true. 
Chandler,  Flint,  and  Huber  (9)  reported,  however,  that  1  gallon  of 
lime-sulphur  covered  as  much  tree  surface  as  IV3  gallons  of  oil  spray. 
Since  their  experiments  were  published  numerous  conflicting  claims 
have  been  made  as  to  the  covering  power  of  the  various  dormant 
sprays. 

In  Table  13  is  given  the  number  of  gallons  of  various  dormant 
sprays  required  to  cover  100  trees.  These  figures  are  based  upon 
the  results  from  spraying  approximately  3,000  trees  with  oil  emul- 
sions, TOO  with  lime-sulphur,  and  500  with  miscible  oils. 


PETROLEUM  OILS  AND  OIL  EMULSIONS  AS  INSECTICIDES 


39 


Table  13. — Relative  covering  poiver  of  various  dormant  sprays  as  tested  in 
experiments  at  Fort  Valley,  Go, 


Series  of 
experi- 
ments 1 
No. 

Quantity  required  to  cover  100  trees 

Year 

Oil  emulsion  with  soap 
emulsifier 

Oil     emulsion     with 
casein-lime  emulsifier 

Line- 
sulphur 
(1-8) 

Miscible 

oUs 

(1-15) 

2  per  cent 
oil 

3  per  cent 
oil 

2  per  cent 
oU 

3  per  cent 
oil 

1922 

1 
f            1 
I             2 
/             1 
1             2 

1    \ 

Gallons 
98 

Gallons 
93 
190 
132 
245 
133 
152 
78 
125 
147 

Gallons 

Gallons 

Gallons 
96 
247 
172 

GaUons 

288 

145 
238 
132 
172 

194 
230 
134 
141 

194 
232 
143 
127 

153 
153 

1925 

83 

1929 

119 

139 

1  Trees  were  fairly  uniform  in  size  throughout  the  plats  within  each  series,  but  varied  greatly  from  series 
to  series. 

Small  variations  in  Table  13  are  of  no  significance  as  the  total 
surface  of  the  different  series  of  trees  varied  considerably.  It  is  evi- 
dent that  there  is  no  practical  difference  between  the  covering  power 
of  oil  emulsions,  lime-sulphur,  and  miscible  oils;  none  between  oil 
emulsions  with  soap  for  an  emulsifier  and  those  with  calcium  casein- 
ate  for  an  emulsifier ;  and  none  between  oil  sprays  containing  2  per 
cent  and  those  containing  3  per  cent  of  oil. 

The  covering  power  of  a  spray  under  orchard  conditions,  when 
applied  with  a  pressure  of  250  pounds  or  more,  seems  to  depend 
largely  upon  the  size  of  the  disk  opening  used  in  the  spray  rods. 
The  quantity  of  spray  required  may  be  reduced  one-fourth  or  more 
by  the  use  of  disks  with  very  small  openings,  and  this  also  usually 
results  in  better  covering. 

It  is  of  course  possible  that  the  effectiveness  of  oil  emulsions  might 
be  increased  by  the  addition  of  materials  to  cause  better  spreading 
and  penetration  (38),  although  Melander  (75)  noted  that  a  casein- 
ate  spreader  decreased  the  effectiveness  of  oil  sprays  for  the  San 
Jose  scale  and  for  leaf-roller  eggs. 

COMPATIBILITY  OF  OIL  EMULSIONS  WITH  VARIOUS 
INSECTICIDES  AND  FUNGICIDES 

Emulsions  made  with  soaps  of  monovalent  alkali  metals  are  not 
compatible  with  lead  arsenate,  and  probably  not  with  the  fluosili- 
cates,  as  these  chemicals  decompose  in  an  alkaline  solution.  They 
also  are  not  compatible  with  arsenates  of  calcium,  magnesium,  or 
barium  or  lime-sulphur,  as  these  compounds  will  react  to  form  in- 
soluble soaps,  thus  freeing  the  oil;  but  by  the  addition  to  these 
emulsions  of  various  stabilizers,  as  recommended  by  Yothers  and 
Winston  {125)^  these  reactions  may  often  be  retarded  sufficiently 
to  enable  a  combination  of  oil  emulsion  and  lime-sulphur  to  be 
applied  without  injury  to  the  plant.  Such  emulsions  are  compatible 
with  Bordeaux  mixture,  the  latter  also  often  being  added  to  hard 
water  to  stabilize  them  {55), 
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The  inert  emulsifiers  without  soap  are,  as  a  rule,  compatible  with 
practically  all  insecticides  or  fungicides,  although  the  casein-lime 
emulsion  has  been  shown  to  be  somewhat  unstable  in  solutions  con- 
taining magnesium  sulphate  (31).  Where  emulsions  must  be  used 
with  various  insecticides  or  fungicides  it  is  generally  much  safer 
to  use  one  of  the  inert  emulsifiers  that  does  not  contain  soap. 

SUMMARY 

In  this  bulletin  crude  petroleum  oils  are  discussed  with  regard  to 
their  origin,  principal  constituents,  and  chemical  and  physical 
properties. 

The  various  methods  used  in  the  production  of  lubricating  oils 
from  crude  oils  are  given.  The  composition  and  chemical  and 
physical  properties  of  the  oils  have  been  briefly  reviewed  and  their 
significance  indicated.  The  methods  of  analysis  ordinarily  used  in 
the  evaluation  of  oils  have  been  mentioned,  various  theories  of 
emulsification  have  been  discussed,  and  a  list  of  emulsifiers  which 
have  previously  been  used  or  recommended  is  given. 

A  number  of  vegetable  oils  were  tested  for  the  production  of  soap 
emulsifiers,  cottonseed  oil  proving  as  effective  as  fish  oil  for  this 
purpose.  Red  oil,  or  oleic  acid  (an  animal  product),  was  found  to 
make  a  good  cold-stirred  soap.  The  saponification  numbers  of  the 
oils  tested  are  given. 

The  principles  involved  in  the  manufacture  of  various  types  of 
emulsions  and  miscible  oils  are  discussed  and  the  advantages  of  each 
type  given. 

The  manufacture  of  both  the  boiled  and  cold-stirred  types  of 
emulsion  was  studied,  and  the  results  are  reported.  The  viscosity 
of  the  soap  was  found  to  influence  greatly  the  quality  of  the  emulsion 
obtained  by  the  cold-stirred  method  of  manufacture.  This  was  in 
turn  found  to  depend  upon  the  moisture  content,  the  kind  and  quan- 
tity of  caustic  used  in  its  production,  and  the  temperature.  A  soap 
made  with  only  a  slight  excess  of  caustic  potash  and  having  a  mois- 
ture content  of  from  60  to  75  per  cent  was  found  to  make  the  best 
emulsion.  If  the  temperature  of  the  oil  and  soap  was  below^  40°  F. 
it  was  found  preferable  to  first  heat  the  soap  to  approximately 
125°  before  stirring  in  the  oil.  The  oil  must  be  added  slowly  and 
very  thoroughly  stirred  in  to  secure  a  stable  emulsion  by  this  method. 
Butyl  alcohol  was  found  of  value  as  a  stabilizer  for  these  emulsions, 
being  approximately  as  good  as  the  amyl  alcohol  or  cresylic  acid 
previously  recommended.  A  cold-stirred  red  oil,  or  oleic  acid,  soap 
proved  a  good  emulsifier  for  cold-stirred  emulsions,  and  a  formula 
for  this  is  given. 

It  was  found  that  old  casein-lime  mixtures  which  failed  to  emulsi- 
fy oils  could  be  made  to  do  so  by  the  addition  of  fresh  hydrated 
lime. 

Methods  of  analysis  of  oil  emulsions  previously  described,  and 
those  used  at  the  Fort  Valley,  Ga.,  laboratory  are  briefly  mentioned. 

The  freezing  points  of  the  more  common  emulsions  were  deter- 
mined and  are  found  to  range  from  29.7°  to  31.8°  F.  The  emulsions, 
however,  could  be  undercooled  for  short  periods  to  17°  or  18°  before 
freezing  began  if  undisturbed.    If  stirred  while  either  freezing  or 
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thawing,  the  emulsions  were  broken  down,  whereas  if  left  undis- 
turbed, they  practically  always  thawed  out  without  breaking. 

It  was  found  that  much  of  the  trouble  from  the  use  of  soap-oil 
emulsions  with  moderately  hard  water  could  be  eliminated  by  dis- 
connecting the  agitator  upon  the  spray  outfit. 

Previous  work  on  the  effect  of  mineral  oils  upon  insects  is  re- 
viewed, the  evidence  indicating  that  the  death  of  scale  insects  from 
the  action  of  lubricating  oils  is  due  to  suffocation. 

The  methods  employed  in  testing  the  toxicity  of  oil  sprays  in 
the  field  against  the  San  Jose  scale  and  a  revised  method  for  the 
computation  of  percentage  of  control  and  compensating  for  hetero- 
geneity have  been  described.  Viscosity,  density,  volatility,  and  the 
degree  of  refining,  as  measured  by  the  sulphonation  test,  are  dis- 
cussed as  influencing  toxicity  to  insects. 

From  the  results  of  field  tests,  viscosity  appeared  to  give  the 
best  indication  of  the  toxicity  of  an  oil  as  a  dormant  spray  for  the 
San  Jose  scale.  Density  was  a  considerably  poorer  indication. 
For  most  effective  results  in  the  South  a  mineral  oil  should  have  a 
viscosity  (Saybolt,  at  100°  F.)  of  not  less  than  125  seconds  and  a 
volatility  (loss  for  four  hours  at  105°  C.)  of  not  more  than  1.75  per 
cent,  and  should  be  used  at  a  3  per  cent  strength.  Volatility  had 
no  weakening  effect  up  to  1.75  per  cent  when  oils  of  sufficiently  high 
viscosity  were  used.  One  oil  tested  which  had  a  viscosity  below  50 
seconds  was  more  highly  volatile,  and  showed  no  toxicity  at  a  3  per 
cent  concentration.  The  unsulphonated  residue,  the  nature  of  the 
base  of  the  crude  oil,  and  the  flash  and  fire  points  were  apparently 
without  effect  upon  toxicity. 

The  average  percentages  of  control  of  the  San  Jose  scale  given  by 
oil  sprays  over  a  4-year  period  were  as  follows :  A  1  per  cent  spray 
gave  91.0  per  cent  control,  li/^  per  cent  gave  96.9  per  cent,  2  per  cent 
gave  96.1  per  cent,  and  3  per  cent  gave  99.1  per  cent  control.  Only 
a  3  per  cent  spray  is  recommended  for  commercial  use. 

Rain  falling  after  the  water  in  the  oil  spray  on  the  trees  has 
evaporated  does  not  affect  the  toxicity  of  the  spray. 

The  sizes  of  the  oil  droplets  in  the  more  common  emulsions  were 
measured,  and  the  diameters  are  given  in  Table  9. 

At  a  2  per  cent  strength,  the  more  unstable  emulsions  were  found 
to  be  slightly  more  toxic  than  the  more  permanent  ones.  The  differ- 
ence, however,  was  slight.  The  California  "  quick-breaking  "  emul- 
sion, when  emulsified  according  to  directions,  was  found  to  be  in- 
sufficiently stable  for  use  with  the  ordinary  spray  outfit. 

The  effect  of  mineral  oils  upon  plants  is  discussed.  Oil  sprays 
containing  25  per  cent,  or  more,  of  oil  injured  dormant  peach  trees. 
Lower  concentrations  were  without  effect.  The  percentage  of  un- 
sulphonated residue  of  an  oil  did  not  affect  the  toxicity  of  the  oil 
to  the  trees  when  used  as  a  dormant  spray,  but  a  high  unsulphonated 
residue  indicates  that  the  oil  is  safer  for  use  on  peach  trees  in  foli- 
age than  an  oil  with  a  low  residue.  Oil  sprays  did  not  retard  or 
advance  the  blooming  period  of  peaches.  No  evidence  of  cumula- 
tive injury  could  be  detected  from  the  use  of  yearly  applications 
of  oil  sprays.  Wlien  applied  weekly,  three  applications  of  a  6  per 
cent  oil  spray  could  be  made  upon  one-year-old  dormant  peach  trees 
without  injury.  Older  trees  were  able  to  stand  even  more 
applications. 
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No  differences  could  be  detected  in  the  covering  power  of  lime- 
sulphur,  oil-emulsion,  and  miscible-oil  sprays  under  orchard  con- 
ditions; also  none  between  oil  emulsions  having  soap  and  casein- 
lime  as  emulsifiers,  and  none  between  oil  sprays  containing  2  and 
3  per  cent  of  oil. 
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iThis  bulletin  supersedes  Department  Bulletin  1177,  Irrigation  District  Operation  and 
Finance,  published  in  1923  and  presenting  information  as  of  Dec.  31,  1921.  It  brings 
the  information  on  irrigation  districts  for  the  17  Western  States  down  to  Dec.  31,  1928, 
except  v^^here  specific  reference  is  made  otherwise.  The  bulletin  was  prepared  under  the 
direction  of  W.  W.  McLaughlin,  associate  chief,  division  of  agricultural  engineering, 
Bureau  of  Public  Roads.  The  field  work  was  done  by  Paul  A.  Ewing,  Guy  Ervin,  and  the 
author.  Most  of  the  data  concerning  California  districts  were  obtained  under  the  direc- 
tion of  Frank  Adams,  irrigation  economist,  University  of  California,  under  a  cooperative 
agreement  between  the  California  State  Department  of  Public  Works,  University  of  Cali- 
fornia, and  the  U.  S.  Department  of  Agriculture  and  were  published  in  1929  (2).2  Valu- 
able information  has  been  furnished  by  State  engineers  or  corresponding  officials  of  the 
other  States,  by  officers  of  individual  districts,  and  by  engineers,  attorneys,  bond  dealers, 
and  others  actively  connected  with  irrigation  district  affairs. 

^  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  92. 
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INTRODUCTION 

The  unfavorable  agricultural  conditions  that  have  prevailed  since 
the  publication  of  Department  Bulletin  1177  have  affected  many 
irrigation  districts  adversely  and  have  led  to  less  favorable  showings 
for  certain  groups  than  in  1921.  Other  groups,  on  the  contrary,  have 
maintained  their  1921  standing.  While  developments  of  recent  years 
have  shown  a  large  number  of  districts  to  be  unfeasible  according  to 
present-day  standards,  the  usefulness  of  the  district  as  an  operating 
organization  or  as  a  means  of  effecting  development  for  which  a  real 
need  exists,  has  not  been  impaired. 

SCOPE  OF  BULLETIN 

The  data  in  this  bulletin,  with  exceptions  noted  below,  refer  only 
to  districts  organized  under  the  Wright  Act  of  California,  as 
amended  and  reenacted,  and  to  the  irrigation-district  statutes  of  the 
other  16  Western  States  based  upon  the  Wright  Act. 

Montana  has  irrigation  districts  of  two  classes  governed  by  sepa- 
rate statutes.  The  older  class  is  independent  of  the  Montana  Irri- 
gation Commission;  the  other  is  under  its  jurisdiction.  There  is  no 
other  distinction,  and  until  1929  districts  of  the  first  class  could 
elect  to  join  the  second.     Both  groups  are  included  herein.     . 

Texas  has  several  kinds  of  districts  concerned  with  irrigation, 
the  most  important  being  water-improvement  districts  and  water- 
control  and  improvement  districts.  The  laws  governing  water-con- 
trol and  improvement  districts  go  far  beyond  the  scope  and  purpose 
of  the  original  irrigation  district  law.  Nearly  all  such  districts 
formed  to  the  present  time,  however,  are  primarily  irrigation  proj- 
ects, and  a  number  of  water-improvement  districts  have  assumed 
the  status  of  water  control  and  improvement  districts  without  alter- 
ing their  main  purposes.  The  present  situation  is  such  that  a  sepa- 
ration of  these  groups  in  this  bulletin  would  be  impracticable. 

Several  other  States  have  districts  concerned  with  irrigation,  in 
addition  to  irrigation  districts,  their  status  being  less  closely  inter- 
woven with  that  of  the  original  irrigation  districts  than  in  the  Mon- 
tana and  Texas  cases  cited.  Their  activities  are  referred  to  under 
Irrigation  District  Development  (p.  70),  but  data  concerning  them 
are  not  otherwise  included. 

DEFINITION  AND  ATTRIBUTES  OF  THE  IRRIGATION  DISTRICT 

The  irrigation  district  may  be  defined  as  a  public  or  quasi  munic- 
ipal corporation  organized  under  State  laws  for  the  purpose  of 
providing  a  water  supply  for  the  irrigation  of  lands  embraced  within 
its  boundaries,  empowered  to  issue  bonds,  and  deriving  its  revenue 
primarily  from  assessments  levied  upon  the  land. 

The  fundamental  attributes  of  an  irrigation  district  are : 

It  is  a  public  corporation,  a  political  subdivision  of  a  State  with 

defined  geographical  boundaries.     It  is  created  under  authority  of 

the  State  legislature  through  designated  public  officials  or  courts  at 

the  instance  and  with  the  consent  of  a  designated  fraction  of  the 
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landowners  or  of  the  citizens,  as  the  case  may  be,  of  the  particular 
territory  involved.  Being  public  and  political,  the  formation  of  a 
district  is  not  dependent  upon  the  consent  of  all  persons  concerned, 
but  may  be  brought  about  against  the  wishes  of  the  minority.  In 
this  respect  the  district  differs  fundamentally  from  the  voluntary 
mutual  company  and  the  commercial  irrigation  company.^ 

It  is  a  cooperative  undertaking,  a  self-governing  institution,  man- 
aged and  operated  by  the  landowners  or  citizens  within  the  district. 
Supervision  by  State  officials  is  provided  for  to  the  extent  of  seeing 
that  the  laws  are  enforced,  and  in  most  States  is  extended  .in  greater 
or  less  degree  over  organization,  plans  and  estimates  prior  to  bond 
issues,  and  construction  of  works. 

It  may  issue  bonds  for  the  construction  or  acquisition  of  irrigation 
works,  which  bonds  are  payable  from  the  proceeds  of  assessments 
levied  upon  the  land. 

Hence,  it  has  the  taxing  power.  Each  assessment  becomes  a  lien 
upon  the  land.  While  the  ultimate  source  of  revenue,  therefore,  is 
the  assessment,  an  additional  source  frequently  provided  for  is  the 
toll  charged  for  water.  Other  revenue  may  in  some  cases  be  obtained 
from  the  sale  or  rental  of  water  or  power  to  lands  or  persons  outside 
the  district. 

Finally,  the  purpose  of  the  irrigation  district  is  to  obtain  a  water 
supply  and  to  distribute  the  water  for  the  irrigation  of  lands  within 
the  district.  Additional  authority  is  granted  irrigation  districts, 
almost  without  exception,  to  provide  for  drainage.  In  some  States 
districts  may  also  develop  electric  power.  These  additional  powers, 
however,  are  subsidiary  and  are  intended  to  make  more  effective 
the  principal  function  of  the  organization,  which  is  to  provide  irriga- 
tion water. 

For  a  full  discussion  of  the  legal  nature  of  the  irrigation  district, 
see  (9), 

PRESENT  STATUS  OF  THE  IRRIGATION-DISTRICT  MOVEMENT 

The  location  of  active  irrigation  districts  is  shown  in  the  map  of 
the  17  Western  States  which  have  irrigation-district  laws.  (Fig. 
1.)  The  cumulative  chart  (fig.  2)  shows  the  growth  of  the  district 
movement  through  the  42  years  of  district  activities  extending  from 
1887  through  1928,  and  the  proportion  of  districts  now  active. 
Table  1  gives  the  number  of  districts  formed  in  each  State  each  year, 
arranged  in  the  order  in  which  the  several  irrigation-district  acts 
were  passed. 

3  The  constitutionality  of  the  irrigation  district  law  was  upheld  by  the  United  States 
Supreme  Court  in  the  case  of  Fallbrook  Irrigation  District  v.  Bradley,  164  U.  S.  112. 
decided  Nov.  16.  1896. 
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Figure  1. — Location  of  all  active  irrigation  districts  in  the  United  States,  December 
31,  1928.     Inactive  districts,  even  though  legally  alive,  are  not  included 
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Figure  2. — Cumulative  chart  showing  total  number  of  irrigation  districts  formed  to 
the  end  of  each  year,  1887  to  1928,  inclusive,  and  status  of  districts  at  the  close 
of  1928 
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Table  1. — Irrigation  districts  formed  in  17  Western  States  to  Deceniber  31,  1928^ 
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96 

44 

79 

48 

22 
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8 

22 

35 
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2 
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1  Irrigation  district  act  passed. 

The  origin  and  growth  of  the  district  movement  are  discussed 
under  Irrigation  District  Development  (p.  70).  In  certain  sections 
this  movement  is  less  important  now  than  it  was  10  years  ago.  For 
example,  few  of  the  districts  formed  or  projected  in  Utah  during 
and  immediately  following  the  World  War  are  now  active,  and  there 
the  mutual  company  remains  the  outstanding  form  of  community- 
irrigation  organization.  In  some  other  States,  on  the  contrary,  the 
district  movement  has  assumed  really  remarkable  proportions.  On 
the  whole  the  wider  market  for  district  bonds  as  compared  with  that 
for  securities  of  other  irrigation  enterprises  has  resulted  during 
much  of  the  present  century  in  a  rather  consistent  trend  to  the  dis- 
trict from  other  forms  of  organization,  such  as  the  commercial  com- 
pany and  the  mutual  company,  for  the  purpose  of  financing  more 
and  more  costly  extensions  and  improvements.  This  trend,  coupled 
with  proposals  for  new  development,  has  given  the  district  an  in- 
creasingly important  place  in  western  irrigation  affairs.  This  is  true 
as  to  number  of  organizations,  area  covered,  and  capital  invested. 
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AREAS 

Table  2  gives  the  areas  of  all  districts  in  each  State  at  the  end  of 
1928,  classified  by  activity  status,  and  the  areas  to  which  the  districts 
delivered  water  in  1928. 


Table  2. — Areas  in  irrigation  districts  organized  to  December  31,  1928 


state 

Oi 

Active  districts 

Approx- 
imate 
areas  to 
which 
districts 
delivered 
water  in 
1928 

)erating 

Under  con-          Preliminary                r^^., 
struction                stage                     ^^^^^ 

! 

Num- 
ber 

Irrigable 
areas 

Num- 
ber 

Irrigable 
areas 

Num- 
ber 

Irrigable 
areas 

Num- 
ber 

Irrigable 
areas 

Arizona 15 

Acres 
196,069 

2,  582. 316 
637,380 

1, 201. 086 

216, 284 

429, 267 

260, 000 

38,372 

Acres 

11 
17 

1 
4 
9 

Acres 
379, 685 
479,488 
23.611 
147, 378 
601, 142 

26 

93 

28 

64 

42 

34 

4 

6 

1 

46 

1 

44 

8 

87 

15 

Acres 

575,664 

3,106,920 

660,891 

1.434,301 

722, 602 

434,767 

349. 743 

129, 746 

20,321 

567,432 

81, 600 

1,416,612 

90, 494 

657, 682 

273, 634 

Acres 
110  300 

California (      73 

Colorado 27 

3 

44, 116 

'1,467.600 
3  322  000 

Idaho 

Montana.- 

59 
32 

1 
1 
1 

85, 837 
5,076 
5,600 

<  619, 500 
142,000 
362  100 

Nebraska 

33 
2 
4 

Nevada      

2 
1 

1 
6 
1 

16 
1 
9 
3 

89,743 
83,000 
20,321 

233,636 
81.600 

771,384 
8,000 

323,266 
77,  698 

137,000 
14,600 

New  Mexico        .. 

1 

8,373 

North  Dakota 

Oregon  .    .. 

40 

323,797 

190,400 

South  Dakota 

Texas      

26 

7 
78 
12 

610,960 

82,494 

234, 416 

196,836 

3 

34, 268 

369  200 

Utah                   

47,800 
149,700 
128,600 

Washington 

Wyoming 

Total 

407 

6,908,277 

10 

183, 170 

82 

3.219,651 

499 

10,311,098 

4, 060, 600 

Inactive  districts 

State 

Legally  alive 

Illegally 
organized 

Consolidated 

with  other 

districts 

Dissolved 

Total 

Num- 
ber 

Areas 

Num- 
ber 

Areas 

Num- 
ber 

Areas 

Num- 
ber 

Areas 

Num- 
ber 

Areas 

Arizona                

8 

38 
16 

4 

1 

2 

1 

1 

22 

1 

12 

29 

6 

Acres 

87, 276 

702,334 

324, 733 

287,079 

192,259 

33, 800 

2.500 

26, 400 

7,501 

2,600 

611, 720 

14,000 

208, 892 

1,160.323 

201, 240 

Acres 

Acres 

1 

25 

32 

1 

6 

6 

Acres 
33,000 
972.497 
883, 135 
31,000 
63,527 
87. 100 

9 

75 

61 

32 

29 

10 

1 

2 

1 

1 

33 

4 

14 

33 

7 

Acres 
120, 276 

California 

7 
3 

1 

595. 550 

46,440 

1,279 

6 

29,869 

2,300,250 

1, 254, 308 

Idaho. 

3 

26, 340 

344, 698 

256, 786 

i 

9,250 

130, 160 

Nevada 

2,500 



26,400 

North  Dakota 

7,601 



2,600 

Oregon 

1 

1 

3,000 
7,600 

10 

1 
1 
2 

1 

675, 600 
35,000 
30,000 
17, 730 
6,804 

1, 190, 320 

Texas 

1 

1 

171,280 
10, 495 

227,880 

Utah           

249. 387 

Washington 

2 

6,500 

1, 184, 553 

208,044 

Total 

191 

3,862,657 

14 

834,294 

12 

72,309 

85 

2,736,393 

802 

7,504,663 

1  This  table  does  not  include  local  improvement  districts,  but  does  include  the  2  irrigation  lateral  districts 
in  Idaho  as  they  are  organized  as  independent  irrigation  districts. 

2  Exclusive  of  191,446  acres  in  Mexico  irrigated  by  Imperial  irrigation  district. 

3  Exclusive  of  51,340  acres  irrigated  in  3  districts,  each  owning  minority  stock  in  Farmers'  Reservoir  & 
Irrigation  Co.,  the  company  delivering  the  water. 

*  Exclusive  of  380,000  acres  irrigated  with  water  stored  by  American  Falls  Reservoir  district  and  delivered 
through  other  enterprises. 

• 

The  areas  shown  for  active  districts  are  the  irrigable  areas,  upon 
which  operation  and  financial  requirements  are  based.  These  areas 
are  almost  invariably  less  and  frequently  much  less  than  gross  areas 
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within  district  boundaries.  It  was  not  always  possible  to  determine 
irrigable  areas  with  precision,  but  the  figures  reported  are  in  gen- 
eral the  best  obtainable.  For  inactive  districts  the  areas  shown  in 
Table  2  are  the  irrigable  areas  where  available  and  otherwise  the 
gross  areas.  Many  of  the  projects  now  inactive  were  never  carried 
to  the  point  of  determining  irrigable  areas. 

Districts  shown  in  Table  2  as  operating  districts  are  only  those 
which  are  operating  their  own  irrigation  systems.  Districts  classed 
as  in  preliminary  stage  are  not  operating  systems  nor  doing  con- 
struction work,  but  are  maintaining  active  organizations;  if  organ- 
ized some  years  ago,  they  have  at  present  reasonable  expectations 
that  plans  for  beginning  construction  or  taking  over  existing  works 
will  mature.  Districts  on  Federal  reclamation  projects  which  have 
not  yet  assumed  actual  operation  of  the  irrigation  systems  are  placed 
in  this  class. 

Areas  to  which  districts  delivered  water  in  1928  are  not  necessarily 
the  total  areas  irrigated  within  irrigation  districts.  This  column 
purports  to  show  only  the  performance  of  the  districts  themselves 
with  their  own  operated  systems.  It  does  not  include  areas  within 
districts  irrigated  from  systems  operated  by  other  agencies,  such  as 
the  Bureau  of  Eeclamation,  and  therefore  shows  no  areas  for  North 
Dakota  and  South  Dakota  where  the  active  districts  are  still  in  this 
status.  Nor  does  the  column  include  areas  irrigated  solely  from 
private  pumping  plants  or  other  means  of  original  diversion  not 
controlled  by  the  district.  Areas  irrigated  from  individual  pump- 
ing plants  within  the  few  irrigation  districts  which  have  been  formed 
solely  to  provide  power  for  such  plants  are,  however,  included. 
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The  range  in  size  of  operating  irrigation  districts  within  each 
State  is  given  in  Table  3. 

Table  3. — Range  in  size  of  districts  lay  States 


States 

Largest 

Smallest 

Average 

States 

Largest 

Smallest 

Average 

Arizona 

Acres 
40, 936 

Acres 

640 

Acres 
13, 071 
35,  374 
19,903 
20,357 
6,759 
13,008 

130,000 

New  Mexico 

Oregon 

Acres 
15,000 
45,849 
59,000 
37,200 
35,000 
45,000 

Acres 
3,972 
296 
2,800 
4,860 
35 
2,310 

Acres 
9  593 

California 

557,000  1            288 

8,095 
24,438 
11, 785 

3,005 
16, 320 

Colorado 

82, 300 
388,  634 

32,500 
110,000 
160,000 

600 
135 
935 
830 
100,000 

Texas 

Idaho 

Utah 

Montana 

Washington 

Nebraska 

Nevada 

»  This  is  an  irrigation  lateral  district.    The  smallest  original  district  in  Idaho  contains  120  acres. 

The  wide  range  in  size  of  districts  in  some  States  is  apparent  from 
these  figures.  California  has  eight  operating  irrigation  districts  con- 
taining more  than  100,000  acres  each,  the  largest  being  Imperial  irri- 
gation district.  American  Falls  Keservoir  district  is  the  largest 
operating  district  in  Idaho  and  the  second  largest  in  the  United 
States.  The  two  smallest,  each  containing  35  acres,  are  Artesian 
irrigation  district,  Washington,  and  Middle  Weiser  lateral  irrigation 
district,  Idaho.  Washington  is  distinctive  in  its  large  number  of 
small  irrigation  districts,  39  of  the  78  operating  districts  in  that 
State  containing  less  than  1,000  acres  each. 
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Texas  has  two  districts  exceeding  100,000  acres  in  the  preliminary 
stage,  and  Arizona,  California,  Montana,  Oregon,  and  Washington 
have  one  each.  Districts  now  inactive,  with  gross  areas  exceeding 
100,000  acres,  have  been  formed  in  California,  Colorado,  Oregon, 
Texas,  and  Washington. 

REASONS  FOR  SUCCESS  OR  FAILURE 

ELEMENTS  OF  ECONOMIC  FEASIBILITY 

The  successful  irrigation  districts  are  those  in  which,  in  addition 
to  securing  and  distributing  water  effectively,  annual  income  is 
derived  from  the  soil  year  after  year  in  amounts  sufficient  to  pay 
interest  and  maintenance  and  operation  charges  promptly  and  to 
retire  the  principal  of  the  bonds  at  maturity.  If  such  conditions 
obtain,  the  project  is  said  to  be  economically  feasible.  The  experience 
of  irrigation  districts  has  shown  that  economic  feasibility  depends 
upon  (1)  productivity  of  soil;  (2)  sufficiency  and  stability  of  water 
supply;  (3)  soundness  of  construction  and  adequacy  of  service  of 
irrigation  and  drainage  works ;  (4)  settlement  of  the  land  by  farmers 
of  character,  ability,  and  means;  (5)  availability  and  capacity  of 
markets;  (6)  reasonableness  of  capital  and  operating  charges;  and 
(7)  allowance  for  a  wide  margin  of  safety,  or  permissible  cost,  above 
the  charge  determined  upon  as  reasonable,  which  the  lands  must  be 
able  to  bear  if  the  project  is  to  be  considered  feasible. 

The  sixth  and  seventh  elements  together  depend  directly  upon  the 
five  preceding  ones  and  become  the  final  measure  of  economic  feasi- 
bility. Changes  in  the  physical  and  economic  conditions  involved  in 
the  other  elements  necessarily  affect  the  annual  charges  in  greater 
or  less  degree,  either  by  way  of  increasing  or  decreasing  the  absolute 
costs  or  by  changing  the  relative  capacity  of  district  lands  to  bear 
the  fixed  costs.  Hence,  a  given  annual  charge  may  be  reasonable  at 
one  time  under  a  certain  combination  of  conditions  yet  may  prove 
unreasonably  high  at  another  time  under  entirelv  different  condi- 
tions. There  is  no  formula  by  which  economic  feasibility  may  be 
unalterably  determined.  Nevertheless,  soil,  agronomic,  and  engi- 
neering determinations  may  be  carried  to  a  satisfactory  degree  of 
refinement,  and  the  need  for  a  proposed  development  may  be  judged 
on  the  basis  of  physical  and  economic  conditions  and  trends  evident  at 
the  time  the  project  charges  are  under  consideration,  with  a  wide  mar- 
gin of  safety  to  allow  for  unfavorable  changes  not  then  foreseen.  Ex- 
perience of  the  10  years  following  the  World  War  shows  all  too 
clearly  the  necessity  for  laying  more  stress  upon  this  seventh  funda- 
mental. 

Types  of  agriculture  may  and  do  change.  It  appears  that  certain 
new  districts  capitalized  on  the  basis  of  high-value  crops  would  have 
been  better  off  if  their  financing  had  been  based  altogether  upon  the 
probable  returns  from  lower-value  crops  of  proven  adaptability. 
That  done,  the  prospective  ultimate  establishment  of  a  type  of  agri- 
culture promising  greater  profits  would  tend  to  a  sounder  develop- 
ment and  thereby  enhance  the  security  for  the  district's  bonds. 

CAUSES  OF  FAILURE 

Past  causes  of  failure  of  irrigation  districts  may  be  reduced  to  the 
following  general  classes: 
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OPPOSITION  OF  LARGE  AND  INFLUENTIAL  LANDOWNERS 

Some  of  the  earliest  districts  met  disaster  or  at  least  years  of  ob- 
struction because  of  the  inclusion  of  too  much  land  belonging  to 
persons  opposed  to  district  organization.  This  cause  of  failure, 
while  still  to  be  reckoned  with,  is  not  so  pronounced  as  it  was  some 
years  ago. 

INCLUSION    OF    UNPRODUCTIVE    LANDS 

Inclusion  of  large  areas  of  land  incapable  of  bearing  their  share 
of  the  burden  of  taxation  has  resulted  in  considerable  trouble.  It  is 
the  area  that  is  actually  irrigable  and  capable  of  producing  satisfac- 
tory crops  that  in  the  last  analysis  is  responsible  for  the  district 
debts.  This  is  true  from  the  standpoint  of  bondholders  in  any  event, 
and  also  from  the  standpoint  of  assessment  payers  in  the  large  num- 
ber of  States  which  provide  for  general  liability  of  all  lands  for  pay- 
ment of  obligations.  So-called  "  shoestring  "  and  "  spotted  "  de- 
velopment, resulting  in  disproportionate  maintenance  and  operating 
expenses,  has  likewise  been  unfavorable  to  success. 

Before  public  lands  were  made  liable  to  inclusion  within  irriga- 
tion districts,  some  districts  which  had  placed  too  great  dependence 
upon  the  voluntary  incorporation  of  such  areas  found  themselves 
embarrassed  by  the  lack  of  revenue  therefrom. 

INADEQUACY   OF   WATER    SUPPLY 

Inclusion  of  more  land  than  could  be  adequately  irrigated  with 
the  available  water  supply  has  been  a  fruitful  source  of  trouble  to 
districts.  Remedying  such  a  situation  necessarily  involves  a  higher 
acreage  cost  than  anticipated,  either  by  securing  additional  supplies 
of  water  for  the  entire  area  or  by  eliminating  portions  of  the  dis- 
trict and  concentrating  all  the  water  and  all  the  cost  on  the  remain- 
ing portions.  In  some  cases  this  has  not  been  fatal,  but  the  wide 
margin  allowed  in  other  cases  between  the  early  productive  value  of 
the  land  and  the  cost  of  the  irrigation  system  has  been  sufficient 
to  cause  failure. 

EXPLOITATION 

A  condition  frequently  found  in  irrigation  districts  promoted  for 
profit  has  been  the  unduly  large  difference  between  the  actual  cost 
of  construction  and  the  price  the  settlers  had  to  pay.  For  example, 
a  system  costing,  say  $50  per  acre,  has  sometimes  been  sold  to  or 
built  for  the  settlers  for  $75  per  acre,  the  difference  of  $25  per  acre, 
or  one-third  of  the  bond  issue,  constituting  promotion  profits.  Leg- 
islative attempts  to  prevent  overcapitalization  by  providing  that 
bonds  should  not  be  disposed  of  for  less  than  90  or  95,  or  even  par, 
did  not  hinder  promoters  from  placing  excessive  valuations  upon 
the  works  and  trading  them  for  district  bonds  at  what  purported 
to  be  a  legal  figure.  The  difficulty  with  such  an  overcapitalized  dis- 
trict was  that  the  additional  charge  of  $25  per  acre  sometimes  repre- 
sented the  difference  between  success  and  failure. 

ENGINEERING  DIFFICULTIES 

Unwise  location  of  irrigation  works,  faulty  desi^  and  construc- 
tion, poor  choice  of  materials,   disaster   to  irrigation   works,   and 
55477—31 2 
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unduly  heavy  maintenance   and  operation   charges  have  been   re- 
sponsible for  some  of  the  troubles  of  irrigation  districts. 

SLOW    RATE   OF    SETTLEMENT   OF   LAND 

Settlement  of  sufficient  land  to  provide  revenue  for  district  re- 
quirements is  vital  to  the  success  of  any  irrigation  district.  Irriga- 
tion enterprises  of  all  types  are  dependent  for  eventual  success  upon 
the  same  thing;  but  the  method  of  financing  an  irrigation  district 
through  the  disposal  of  bonds  makes  the  rapid  settlement  of  land 
especially  important,  for  the  district  is  dependent  upon  its  own 
efforts  for  money  to  operate  the  system  and  must  in  addition  pro- 
vide for  interest  payments  on  bonds.  Capitalization  of  interest  on 
the  bond  issue  eases  but  does  not  wholly  relieve  the  situation.  It  is 
essential  that  the  districts  become  self-supporting  quickly.  Coupled 
with  such  necessity  is  the  need  for  having  the  right  kind  of  settlers 
from  the  standpoints  of  integrity,  industry,  adaptability,  and  finan- 
cial resources.  Lack  of  adequate  land  occupation  by  capable  and 
well-equipped  settlers  or  of  a  workable  colonization  plan  has  been  a 
source  of  trouble  in  a  number  of  districts  and  has  prevented  the 
financing  of  others. 

OTHER    CONDITIONS    CONTRIBUTING    TO    UNREASONABLY    HIGH    ANNUAL    CHARGES 

Conditions  listed  in  the  foregoing  paragraphs  have  resulted  in 
adding  to  the  charges  which  district  lands  would  otherwise  be  called 
upon  to  pay.  Other  contributory  causes  of  expense  have  been  aggra- 
vation of  drainage  difficulties,  internal  dissensions,  graft,  and  poor 
management.  Probably  the  main  cause  of  trouble  since  the  late  war 
has  been  the  general  agricultural  situation.  This  had  the  dual  effect 
of  reducing  the  demand  for  farm  products  upon  which  annual 
charges  had  been  based  and,  by  interfering  with  anticipated  settle- 
ment of  land,  of  rendering  the  charges  even  more  burdensome  to 
projects  capitalized  on  a  war  basis.  A  most  vicious  circumstance  has 
been,  in  some  cases,  a  weakening  of  the  morale  of  assessment  pay- 
ers and  a  consequent  growth  of  the  idea  of  avoiding  payment  of 
obligations.  A  feeling  actually  prevailed  in  some  quarters  that  dis- 
trict creditors  should  share  with  landowners  the  burden  of  post-war 
deflation.  Irrespective  of  the  justice  of  such  an  attitude,  the  results 
are  unfortunate  from  every  standpoint. 

The  fact  that  irrigation  districts  have  been  organized  and  financed 
under  conditions  conducive  to  failure  has  been  due  in  no  small  degree 
to  overoptimism  of  landowners,  manipulations  of  promoters  inter- 
ested only  in  their  own  profits,  connivance  of  certain  bond  houses, 
absence  or  insufficiency  of  official  restraint,  failure  on  the  part  of 
investors  to  discriminate  between  speculative  and  nonspeculative 
bonds,  and  failure  on  the  part  of  those  in  charge  of  the  district 
financing  to  allow  sufficient  margin  for  contingencies. 

WHERE  THE  DISTRICT  HAS  SUCCEEDED 

Some  district  enterprises  in  which  the  security  for  the  bonded 
indebtedness  remained  to  be  created  have  attained  success  because 
they  have  combined  the  features  necessary  to  rapid  development  of 
the  land  and  production  of  income.  But  the  proportion  of  districts  of 
this  type  that  have  proved  successful  from  all  standpoints  is  small  in 
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comparison  with  the  proportion  of  successful  districts  in  which  at 
least  a  fair  amount  of  the  security  existed  at  the  time  of  organiza- 
tion. Supplemental  development  of  itself  does  not  insure  adequacy 
of  the  security,  as  is  evident  from  the  numerous  cases  in  which 
districts  formed  to  take  over  and  extend  existing  systems  have  added 
impossible  burdens  to  lands  already  in  a  fair  state  of  cultivation. 
Nor  is  the  value  of  the  lands  at  any  particular  time  a  safe  measure 
of  the  securit5%  in  as  much  as  land  values  change  and  their  earning 
capacity  varies  with  the  demand  for  farm  products  to  which  they 
are  adapted.  While  construction  of  entirely  new  irrigation  works 
does  not  necessarily  imply  a  speculative  district  enterprise,  yet  the 
status  of  districts  formed  for  the  several  classes  of  irrigation  develop- 
ment, as  shown  in  Table  4,  page  14,  indicates  clearly  that  districts 
formed  primarily  for  supplemental  development  have  more  generally 
attained  their  ends.  Furthermore,  as  shown  in  Table  5,  page  15,  the 
class  of  districts  formed  for  extensions,  betterments,  and  other  sup- 
plemental purposes  has  provided  relatively  many  more  cases  of 
perfect  records  in  payment  of  bond  obligations  than  have  the  groups 
organized  for  new  construction.  Supplemental  development  implies 
some  prior  development  through  which  values  have  been  created  and 
irrigation  works  constructed  and  put  into  operation,  together  with 
a  certain  amount  of  income  already  accruing  from  irrigation.  As 
the  irrigation  district  is  dependent  upon  revenue,  it  has  followed  that 
conditions  making  possible  immediate  and  adequate  revenue  have 
gone  far  toward  insuring  financial  success.  Supplemental  develop- 
ment naturally  has  more  often  embraced  such  conditions. 

As  a  general  rule,  therefore,  the  successful  districts  have  been 
those  formed  for  purchase  and  operation  by  the  landowners  of  con- 
structed systems  which  were  "going  concerns,"  for  extension  of 
existing  systems  to  cover  adjacent  unirrigated  lands  where  the  cost 
of  extension  has  not  been  so  far  out  of  proportion  to  the  original 
cost  as  to  cast  an  unduly  heavy  burden  on  the  entire  project,  for 
improvement  of  existing  systems,  for  providing  needed  additional 
amounts  of  water  for  already  irrigated  lands,  for  contracting  with 
the  United  States  on  Federal  reclamation  projects  for  payment  of 
construction  and  operation  costs  and  for  eventual  operation,  and 
for  building  new  irrigation  systems  in  sections  already  productive 
under  dry-tarming  methods  where  development  of  irrigated  farms 
has  followed  rapidly  or  where  the  cost  of  irrigation  has  been  kept 
within  the  earning  capacity  of  tracts  partly  irrigated  and  partly 
dry  farmed.  In  any  event,  the  irrigation  districts  that  have  kept 
up  their  pa5^ments  of  interest  and  principal  have  been  those  older 
districts  with  low  capital  and  operating  charges  and  those  more 
recent  ones  that  have  had  substantial  reserves  to  tide  them  over 
the  postwar  depression. 

THE   OUTLOOK   FOB   DISTBIOT    SUCCESS 

Irrigation-district  history  records  several  cycles  with  stages  some- 
what as  foUows:  (1)  Limited  financing  of  sound  projects,  (2)  good 
records  of  districts  in  meeting  obligations,  (3)  building  up  of  an 
active  bond  market,  (4)  expansion  of  development,  both  sound  and 
unsound,  (5)  defaults,  and  (6)  tightening  or  collapse  of  the  bond 
market. 
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Each  cycle  has  left  its  failures  and  defaults,  but  at  the  same  time 
has  resulted  in  an  increasing  proportion  of  bonds  in  good  standing. 
Each  series  of  district  failures  adds  to  the  sum  total  of  experience 
in  the  possibilities  and  limitations  of  district  organization  and  financ- 
ing; something  is  learned  each  time  that  had  not  been  previously- 
stressed.  Probably  the  most  important  lesson  of  the  postwar  fail- 
ures is  the  need  for  more  extensive  determinations  of  economic 
feasibility,  and  particularly  for  the  inclusion  in  the  cost  figures  of 
a  decidedly  larger  safety  factor  than  has  heretofore  been  thought 
necessary. 

A  cycle  has  recently  been  completed,  and  district  development  is 
in  a  state  of  depression.  If  past  experience  may  be  relied  upon  as 
a  guide,  development  will  be  resumed  when  the  financial  situation 
again  becomes  favorable. 

The  going  concerns  which  are  paying  their  debts  indicate  clearly 
that  the  district  is  a  proven  institution  for  irrigation  purposes.  On 
the  other  hand,  the  failures  of  the  past  decade  show  with  equal 
clarity  that  economic  feasibility  has  not  been  sufficiently  stressed. 
The  reserve  or  margin  of  safety  implied  by  economic  feasibility 
must  be  large  indeed  if  districts  are  to  succeed  in  the  face  of  agri- 
cultural depressions.  If  the  margin  is  small  the  districts  deficient 
in  this  reserve  simply  can  not  pay  their  way,  and  the  public  or 
private  investors  are  inevitably  called  upon  to  assume  part  of  the 
cost  of  development. 

The  purchaser  of  a  bond  with  net  yield  of  6  per  cent  should  ob- 
viously not  be  expected  to  share  the  cost  of  developing  the  project. 
He  is  an  investor;  not  a  speculator.  When  his  investment  is  defi- 
nitely in  default,  the  wiser  course  is  to  make  prompt  adjustment,  but 
experience  now  indicates  that  such  defaults  are  in  large  measure 
avoidable.  The  desirability  of  a  public  subsidy  for  such  situations 
is  a  controversial  matter  and  has  no  place  in  the  present  discussion. 
The  point  is  that  if  district  development  is  to  continue  without 
asking  the  bond  investors  to  share  the  cost,  deficiencies  in  this  vital 
margin  of  security  would  seem  to  leave  no  alternative  other  than 
public  subsidies. 

PURPOSE  OF  FORMATION 

The  original  purpose  of  the  irrigation  district  was  the  construc- 
tion of  irrigation  works.  Although  the  Wright  Act  gave  the  alter- 
native power  of  purchasing  irrigation  systems,  nevertheless  it  was 
the  need  for  new  development  that  resulted  during  the  first  few 
years  in  the  formation  oi  districts  predominantly  for  the  construc- 
tion of  new  works.  In  fact,  41  of  the  55  districts  organized  in 
California  and  Washington  during  the  first  seven  years  of  the  dis- 
trict era  were  formed  for  entirely  new  development  and  3  others 
for  principally  new  development. 

As  time  went  on  the  district  organization  was  employed  for  other 
purposes,  such  as  the  acquisition  of  existing  irrigation  works  by 
landowners  who  were  dissatisfied  with  the  management  or  who 
thought  that  they  might  operate  the  system  more  economically  them- 
selves. It  was  also  employed  for  the  extension  of  existing  systems 
to  include  adjacent  unirrigated  areas;  the  improvement  of  existing 
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systems;  or  the  development  of  additional  supplies  of  water  needed 
for  late  summer  irrigation 
by  communities  already 
served  with  a  partial  sup- 
ply, a  condition  which  often 
arises  in  sections  under- 
going transition  to  more  in- 
tensive development.  All 
of  these  purposes  presup- 
pose a  certain  amount  of 
development  prior  to  the 
district  formation. 

All  irrigation  districts 
organized  to  the  end  of 
1928  have  been  classed,  ac- 
cording to  the  purpose  of 
their  formation,  ( 1 )  entirely 
new  development,  (2)  prin- 
cipally new  development, 
and  (3)  principally  supple- 
mental development  or  ac- 
quisition of  existing  irriga- 
tion works.  The  first  class 
includes  not  only  projects 
for  reclaiming  100  per  cent 
raw  land,  but  also  those  in 
which  some  earlier  private 
development  may  have  ex- 
isted, though  of  little  or  no 
consequence  in  the  proposed 
plans.  The  second  class  is 
intended  to  cover  districts 
on  the  border  line  between 
new  and  supplemental  de- 
velopment ;  for  example, 
those  with  plans  for  pur- 
chasing and  extending  sys- 
tems already  constructed, 
the  cost  of  existing  works 
and  area  served  being  a 
minor  or  incidental  factor 
in  the  entire  program.  All 
other  districts  are  in  the 
third  class. 

In  general,  irrigation 
districts  with  the  larger 
proportions  of  improved 
land  at  the  time  of  organi- 
zation, and  consequently 
with  the  smaller  increases 
in  capital  irrigation 
charges  per  acre  resulting 
from  district  activities,  have  had  the  better  prospects  of  succeeding. 
Exceptions  have  been  districts  intended  for  absolutely  new  con- 
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struction  that  have  been  formed  on  the  fringes  of  proven  and  rapidly 
growing  communities,  or  in  sections  where  high  land  values  had 
already  been  established  independently  of  irrigation  and  where  the 
districts  were  not  essential  to  the  success  of  the  communities,  or 
w^here  circumstances  were  otherwise  favorable  to  speedy  success. 
On  the  other  hand,  some  districts  organized  primarily  to  take  over 
existing  works  have  faced  uphill  tasks  because  of  the  insufficient 
settlement  of  land,  shortage  of  water,  inclusion  of  too  much  addi- 
tional unirrigated  land,  or  other  causes.  The  success  of  a  district 
in  most  cases,  however,  has  been  dependent  upon  the  relation  of  its 
development  to  the  times  when  its  obligations  fell  due.  The  ad- 
vantage, therefore,  has  been  with  districts  formed  principally  for 
supplemental  purposes. 

Table  4  gives  the  number  and  status  of  all  irrigation  districts 
formed  to  date  in  each  of  17  Western  States,  segregated  according  to 
the  three  main  classes  of  development.  Attention  is  called  particu- 
larly to  the  percentages  of  totals  given  in  the  last  line  of  the  table, 
which  indicate  a  more  favorable  situation  generally  in  the  second 
class  of  districts  than  in  the  first  class,  and  a  decidedly  more  favor- 
able situation  in  the  third  group  formed  principally  for  supple- 
mental purposes.  Figure  3  shows  the  respective  rates  of  formation 
of  the  three  classes  by  7-year  periods. 

Table  4. — Number  and  status  on  December  31,  W28,  of  irrigation  districts  in  11 
Western  States  classified  according  to  purpose  of  formation 


Number  of  districts  whose  purpose  of  formation  was— 

Entirely  new  devel- 
opment 

Principally     new 
development 

Principally  supple- 
mental  develop- 
ment or  acquisi- 
tion   of   existing 

All  districts 
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11 
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8 
44 
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50 
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5 
10 
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1 

1 

17 
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10 

14 
71 
27 
62 
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O 

15 
73 
27 
59 

II 

3 

|| 

11 

17 

1 
4 

> 
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76 
51 
32 

"3 

1 

Arizona    

6 

17 

"1' 

5 
2 

7 
46 
33 
19 

18 
68 
41 
26 

1 

12 
4 
4 

1 
5 
1 

1 

35 

168 

nnlnrnrtn 

79 

Idaho              

2 

1 

96 

Kansas 

1 

1 

20 

7 

29 
14 

1 
1 

1 
1 

27 
?6 

.... 

6 

9 
3 

41 

32 
33 

9 

29 

in 

71 

44 

.    2 
3 

.... 

2 
1 

1 

5 
5 

2 

4 

2 
1 

1 
?. 

5 

9 

? 

1 

1 

8 
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1 

1 
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1 

1 
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1 

1 
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I 

Ores  on 

14 

— - 

16 

33 

4 

7 

11 

22 

.... 

3 

1 
4 

10 

'¥ 

5 

8 

35 

1 

24 

10 

67 

40 

.... 

6 
1 
16 

1 
9 

33 
"I' 
14 
33 

79 

1 

99 

3 

2 
6 

?9 

19 

7 
46 

4 
1 
4 

.... 

1 

1 

1" 
3 

6 
6 
7 

18 
6 

5? 

.... 

25 
7 

78 

.... 

48 

Utah                   

22 

Washington - 

WvnTninP' 

7 

120 

^ 

f) 

? 

? 

11 

? 

2 

15 

1? 

3 

7 

??. 

Total 

87 

8 

30 

184 

309 

37 

10 

37 

84 

283 

2 

42 

81 

408 

407 

10 

82 

302 

801 

Per  cent  of  total 

28 

3 

10 

59 

100 

44 

12 

44 

100 

69 

1 

10 

20 

100 

51 

1 

10 

38 

100 

Table  5  carries  the  analysis  a  step  farther  by  giving  the  group 
records  of  bond  payments  of  districts  which  actually  constructed  or 
acquired  irrigation  systems  with  the  proceeds  of  bond  sales  and 
thereafter  actually  became  engaged  in  operation  of  such  systems. 
Some  such  districts  are  no  longer  in  operation  although  included 
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in  the  table.  On  the  other  hand,  numerous  districts  that  sold  bonds 
but  never  operated  systems  constructed  or  acquired  with  the  proceeds 
of  the  bonds  are  not  included.  Nor  are  operating  districts  without 
bonded  indebtedness  included.  The  purpose  of  the  table  is  to  bring 
out  whatever  relation  existed  between  purposes  of  formation  and 
records  of  bond  payments.  This  may  best  be  shown  by  comparing 
the  records  of  all  those  districts  that  fully  accomplished,  through 
bond  issues,  their  purposes  of  organizing  and  that  were  afforded  the 
opportunity  of  making  bond  payments  under  fully  operating  condi- 
tions. The  last  line  of  Table  5  indicates  that  about  half  of  such 
districts  formed  for  new  and  for  principally  new  development,  and 
about  three-fourths  formed  for  principally  supplemental  develop- 
ment, have  maintained  perfect  records  in  meeting  bond  obligations. 
This  showing  appears  consistent  with  the  situation  shown  in  Table  4. 

Table  5. — Record  of  tend  payments  to  December  31,  1928,  of  all  those  irngation 
districts  in  11  Western  States  which  were  then  operating  or  had  once  operated 
systems  constructed  or  acquired  with  proceeds  of  l}ond  sales,  classified  accord- 
ing to  purpose  of  foitnation 


Number  of  districts  whose  purpose  of  formation  was— 

state 

Entirely  new 
development 

Principally  new 
development 

Principally  sup- 
plemental  de- 
development  or 
acquisition   of 
existing  works 

ating  or  that  once 
operated  systems 
financed    from 
sale  of  bonds 

Record  of 
bond  pay- 
ments 

Total 

Record  of 
bond  pay- 
ments 

Total 

Record  of 
bond  pay- 
ments 

Total 

Record  of 
bond  pay- 
ments 

Total 

Per- 
fect 

Not 

Per- 
fect 

Not 

Per- 
fect 

Not 

Per- 
fect 

Not 
?e^c^t 

Arizona-. 

6 
12 

....... 

12 
5 

6 
30 
12 

7 

4 
36 
12 
26 

7 
7 
15 

5 

43 
19 
41 

10 

159 

12 

30 

1 
28 
26 
22 

11 

California 

11 
...... 

3 
7 
2 

14 
7 
4 

87 

Colorado 

38 

Idaho -— 

2 

52 

Kansas 

1 
6 

5 
2 

6 
8 

1 

1 

1 
1 

15 
18 

1 
2 

11 
3 

2 

26 
21 

1 

4 

17 

25 

1 

3 

16 
6 

2 

33 

Nebraska 

30 

Nevada 

1 

1 

1 

5 

North  Dakota — 

Oklahoma.- 

Oregon    - 

6 

7 

13 

1 

3 

4 

8 

7 

15 

_ 

17 

32 

South  Dakota 

Texas 

4 

1 
18 

i" 

2 

1 

4 

2 

20 

1 

3 
...... 

1 

1 
3 

4 

1 

15 

1 

a4 

2 
3 
9 

17 

4 

43 

7 

1 

54 

8 

3 

5 

14 

1 

25 

Utah       -  -      -      . 

7 

Washington 

68 

i  '11        7 

Total 

56 
51 

53 

109 

23          on  \      4^       17Q 

67 
27 

246 
100 

258 
65 

140 
35 

398 
100 

Per  cent  of  total 

49 

100 

53 

47 

m 

73 

1  This  number  is  reduced  to  52  as  of  July  1,  1930. 

THE  ELECTORATE 


The  qualifications  required  of  voters  at  irrigation-district  elections 
vary  widely  in  the  several  States.  The  California  rule  has  always 
been  that  such  qualifications  shall  be  those  prescribed  by  the  general 
election  laws  of  the  State.     Early  experience  in  California  indicated. 
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however,  that  great  harm  might  be  done  through  the  voting  of  bonds 
by  persons  who  might  be  called  upon  to  shoulder  none  of  the  burden 
of  paying  off  the  indebtedness — in  other  words,  by  electors  who 
owned  no  land — with  the  result  that  in  the  revision  of  the  Wright 
Act  in  1897  provision  was  made  for  presentation  of  a  petition  signed 
by  a  majority  of  the  landowners,  representing  a  majority  in  value 
of  the  lands,  before  the  directors  could  call  a  bond  election.  The 
petition  is  no  longer  required  in  California — although  a  majority, 
instead  of  a  two-thirds  vote,  is  sufficient  to  authorize  bonds  if  such 
petition  has  been  presented — and  the  directors  must  call  an  election 
if  petitioned.  Furthermore,  it  is  now  optional  that  the  petition  be 
signed  by  500  persons,  either  resident  electors  or  holders  of  title, 
representing  at  least  20  per  cent  of  the  value  of  the  lands;  for  in 
very  large  and  populous  districts  it  was  found  that  the  majority 
provision  involved  so  much  time  and  expense  that  the  business  of 
the  district  was  seriously  hampered.  This  means,  of  course,  that 
bonds  may  be  authorized  despite  the  opposition  of  predominant 
landholding  interests,  which  actually  occurred  in  at  least  one  large 
district.  The  Kansas  law  requires  a  petition  by  three-fifths  of  the 
landowners  who  are  qualified  electors  before  a  bond  election  may  be 
called.  The  present  Idaho  law  imposes  the  qualifications  of  the 
general  election  laws  and  residence  in  the  district  upon  district 
electors ;  it  also  provides  that  no  person  who  is  not  a  holder  of  land 
in  the  district  may  vote  on  questions  of  incurring  indebtedness,  and 
that  no  person  not  a  resident  owner  of  lands  within  the  district  and 
subject  to  assessment,  or  the  wife  or  husband  of  such  owner,  may 
vote  at  bond  elections. 

The  other  14  Western  States  impose  property  qualifications  in 
one  form  or  another  upon  all  district  electors.  These  various  re- 
quirements, in  addition  to  ownership  or  possession  of  land  or  of 
some  stated  acreage  of  land  within  the  district,  in  a  number  of  cases 
include  residence  in  the  district  or  at  least  in  the  State,  and  in 
several  instances  also  include  general  election  qualifications  or  citi- 
zenship. Corporations,  executors,  administrators,  and  guardians 
are  sometimes  allowed  to  vote.  Voting  according  to  acreage  is  pro- 
vided in  Colorado,  Montana,  and  Wyoming,  and  with  certain  limi- 
tations in  New  Mexico,  and  according  to  acre-feet  of  water  allotted 
to  the  land  of  the  elector  in  Utah.  Oregon  formerly  permitted  a 
vote  for  each  acre  of  land  but  in  1917  limited  each  person  to  one 
vote.  Colorado's  experience  was  just  the  reverse,  the  new  law  of 
1921  authorizing  voting  according  to  acreage.  For  two  years 
Nevada  had  in  effect  a  systesm  of  voting  according  to  dollars  of 
assessment  of  benefit  but  in  1919  changed  to  one  vote  per  elector. 

Almost  all  of  the  States,  therefore,  limit  the  right  to  create  in- 
debtedness to  those  persons  whose  lands  are  to  become  responsible 
for  it,  but  only  a  few  States  recognize  the  vital  interest  of  land- 
owners living  outside  the  State.  Some  difference  of  opinion  exists 
as  to  the  wisdom  of  allowing  voting  according  to  acreage  owned. 
On  the  one  side  it  is  argued  that  an  irrigation  district  is  a  business 
corporation  rather  than  a  governing  municipality  and  that  its  affairs 
should  accordingly  be  conducted  along  similar  lines,  recognizing 
the  right  of  the  majority  in  interest  to  control.  On  the  other  hand, 
proponents  of  the  plan  of  limiting  individuals  to  one  vote  contend 


IRRIGATION   DISTRICTS  17 

that  the  small  landowners  are  as  vitally  interested  in  the  district  as 
are  the  large  holders,  and  that  the  plan  of  giving  a  vote  to  each  acre 
puts  control  of  district  affairs  in  the  hands  of  a  few  large  land- 
owners. 

The  really  important  feature,  however,  is  the  very  general  recog- 
nition given  to  the  interest  of  the  landowner  in  the  creation  of  dis- 
trict indebtedness.  The  irrigation  district  has  but  one  end  in  view—- 
the  development  of  a  community  through  the  irrigation  of  its  agri- 
cultural land.  All  persons  in  the  community  are  interested  in  its 
development,  but  those  persons  whose  lands  are  to  be  made  to  pay 
for  the  entire  irrigation  development  are  necessarily  most  deeply 

concerned. 

MANAGEMENT 

The  management  of  an  irrigation  district  is  vested  in  a  board  of 
directors  or  commissioners,  who  must  usually  be  landowners  and 
electors  in  the  district.  The  directors  are  elected  in  whole  or  in  part 
every  year  or  two  years  and,  except  for  the  collection  and  custody 
of  funds  by  county  officials  or  by  elected  district  officials,  are  solely 
responsible  for  the  conduct  of  district  affairs.  They  may  appoint 
and  discharge  at  will  all  officers  and  employees  of  the  district  ex- 
cept those  whose  election  is  provided  for  by  statute.  In  California, 
where  the  handling  of  funds  is  in  the  hands  of  the  district,  the  as- 
sessor, collector,  and  treasurer  are  elected  officials.  In  Idaho,  on  the 
contrary,  the  assessor,  whose  duties  are  performed  by  the  secretary, 
and  the  treasurer  are  appointed  by  the  directors.  Again,  in  Texas 
the  assessor-collector  may  be  appointed  by  the  directors  or  elected 
at  their  option.  In  all  of  the  States  directors  have  the  responsi- 
bility either  of  levying  assessments  or  of  initiating  proceedings 
therefor,  as  well  as  of  authorizing  expenditures. 

The  number  of  directors  depends  in  some  measure  upon  the  size 
of  the  district.  Some  States  authorize  only  a  specified  number, 
usually  three;  others  allow  some  latitude  either  to  the  original 
petitioners  or  to  the  electors  after  organization  in  determining  the 
number  of  directors.  The  highest  number  allowed  in  any  State  is 
nine.  Owing  to  the  wide  range  in  size  of  irrigation  districts,  some 
latitude  in  the  size  of  the  managing  board  is  manifestly  desirable, 
for  a  large  board  of  directors  renders  the  management  of  a  very 
small  district  unwieldy  and  cumbersome,  whereas  a  small  board 
may  not  afford  adequate  representation  in  a  large  district  of  diver- 
gent needs  and  conditions.  The  usual  practice  is  to  lay  out  the 
district  into  divisions  as  nearly  equal  in  areas  as  practicable  and 
to  choose  one  director  from  each  division.  Division  into  equal  areas 
has  been  departed  from  in  certain  cases  in  which  population  and 
assessed  valuations  suggested  a  more  practicable  basis  of  division. 

The  powers  of  the  board  of  directors  are  usually  set  forth  in  con- 
siderable detail  in  the  statutes.  In  the  execution  of  their  policies  the 
directors  are  given  extensive  authority  to  appoint  employees  on  the 
scale  desired.  Owing  to  the  nature  of  an  irrigation  district,  which 
requires  construction  of  works  at  certain  times  and  maintenance  and 
operation  of  the  system  at  all  times,  the  services  of  an  engineer  are 
always  needed,  highly  trained  services  a  great  deal  of  the  time,  and 
practical  experience  always.    So  it  has  come  about  that  the  district 

55477—31 3 
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engineer  is  frequently  the  principal  executive  officer  as  well.  Some 
large  districts  have  found  it  advantageous  to  employ  a  general  man- 
ager of  executive  ability,  and  usually  of  engineering  training  and 
experience,  who  is  placed  in  charge  of  all  phases  of  the  district's 
operation  and  is  subject  only  to  formulation  of  general  policies  by 
the  board  of  directors.  The  Texas  statute  specifically  encourages  the 
appointment  of  a  manager. 

Certain  phases  of  management  inherent  in  the  district  form  of 
organization  have  been  criticized  from  time  to  time;  for  example, 
placing  the  disposal  of  large  sums  of  money  in  the  hands  of  directors 
inexperienced  in  large  financial  transactions,  and  selection  of  direc- 
tors from  political  considerations.  These  problems,  however,  are 
incident  to  the  conduct  of  any  self-governing  institution,  and  so  long 
as  the  irrigation  district  remains  self-governing  its  efficiency  will 
depend  upon  the  choice  of  directors  who  are  able  to  combine  business 
ability  with  public  spirit  and  who  are  broadgauged  enough  to  leave 
the  administration  of  details  to  trained  employees  necessarily  better 
qualified  than  they  to  perform  such  duties. 

The  district  is  essentially  a  farmer  organization.  The  farmers  col- 
lectively own  the  irrigation  system,  are  the  direct  beneficiaries  of  its 
operation,  and  pay  the  costs.  Directors  selected  from  among  them- 
selves have  the  point  of  view  of  the  farmer  and  are  sensitive  to  local 
trends  of  thought,  which  is  a  valuable  feature.  The  two  other  most 
important  interests  are  those  of  the  public  and  of  the  bondholders. 
The  several  statutes  providing  for  State  supervision  are  designed  to 
afford  the  public  more  or  less  protection  against  the  consequences  of 
unwise  development  but  in  many  cases  have  not  proven  adequate. 
There  is  no  way  at  present  in  which  bondholders  may  intervene  prior 
to  default.  Beneficial  results  have  been  noted  in  certain  cases  in 
which  district  directors  have  voluntarily  counseled  with  representa- 
tives of  bondholders  on  major  questions  of  policy  affecting  the  dis- 
trict's welfare.  In  this  connection  the  New  Mexico  district  law  now 
authorizes  district  boards  to  contract  with  purchasers  of  bonds  or 
with  the  bond  brokers  that  so  long  as  any  of  the  bonds  remain  out- 
standing the  owners  of  two-thirds  of  the  principal  amount  may 
select  one  director  of  the  district.  Such  director  is  not  required 
to  have  other  qualifications  and  has  the  same  powers  and  duties  as 
other  directors  but  serves  without  compensation. 

The  actual  character  of  the  management  varies  greatly  in  different 
districts.  In  probably  the  greater  number  of  operating  districts 
it  is  but  a  reflection  of  the  progressive  spirit  of  the  farmers  com- 
posing the  electorate.  The  problems  faced  in  some  cases  have  been 
exceedingly  complicated.  On  the  whole,  judging  from  the  results 
attained,  and  with  due  allowance  for  differences  in  character  of 
organization  and  financial  problems,  irrigation-district  management 
does  not  suffer  by  comparison  with  management  of  privately-owned 
irrigation  enterprises."^ 

*  An  unprecedented  irove  in  the  field  of  irrigation-district  management  was  attempted 
several  years  ago  by  a  California  district  with  valuable  power  resources.  This  district 
contracted  with  a  private  corporation  formed  for  that  purpose  to  turn  over  to  the  cor- 
poration for  99  years  complete  control  and  management  of  all  irrigation  and  power  works 
and  rights,  and  all  business  of  the  district  so  far  as  the  directors  could  delegate  such 
work,  subject  to  reasonable  rules  and  regulations  to  be  established  by  the  directors.  The 
corporation  was  to  pay  all  operating  costs  and  the  principal  and  interest  of  bonds  issued 
up  to  a  prescribed  maximum,  and  was  to  retain  all  income  above  a  prescribed  annual 
amount.  The  corporation  was  not  able  to  finance  the  undertaking,  however,  and  the- 
arrangement  was  not  carried  out. 


IRKIGATIOIT   DISTRICTS  19 

HANDLING  OF  FINANCES 

The  irrigation  district  secures  revenue  for  the  construction  or 
acquisition  of  irrigation  works,  for  their  annual  maintenance  and' 
operation,  and  for  all  general  purposes  primarily  by  means  of  assess- 
ments levied  upon  the  land.  Each  assessment  becomes  a  lien  upon 
the  land  when  levied,  and  its  collection  may  be  enforced  by  delinquent 
tax  sale  or  in  some  cases  by  a  suit  at  law.  Other  and  secondary- 
methods  of  raising  revenue  are  through  tolls  charged  for  the  actual 
use  of  water,  the  sale  or  rental  of  water  to  lands  outside  the  district, 
and  the  sale  of  electric  power  generated  by  the  district. 

In  order  to  spread  over  a  series  of  years  the  burden  of  paying  for 
the  irrigation  works,  the  district  may  borrow  money  through  the 
issuance  of  bonds,  or  may  contract  with  the  United  States  for  the 
construction  or  acquisition  of  an  irrigation  system.  The  interest  and 
principal  of  the  bonds  and  the  installments  due  the  United  States 
are  payable  from  the  proceeds  of  annual  assessments.  Current 
expenses  are  taken  care  of,  pending  the  collection  of  assessments,  by 
the  issuance  of  warrants  and  in  some  States  by  negotiable  notes. 

FINANCIAL  OFFICERS 

Although  the  irrigation  district  is  responsible  for  its  financial 
condition,  the  services  oi  county  officials  are  utilized  to  greater  or 
less  extent  in  most  of  the  States  for  levying  and  collecting  assess- 
ments and  disbursing  district  funds.  California  provides  complete 
district  machinery  for  handling  financial  matters  and  makes  the 
district  entirely  independent  of  the  county  so  long  as  the  district 
continues  to  levy  assessments  to  pay  its  debts,  failing  which  the 
county  is  obliged  to  step  in.  An  amendment  to  the  Idaho  law  in 
1923  authorized  the  directors  of  any  irrigation  district,  if  con- 
curred in  unanimously  by  the  county  commissioners,  to  provide  for 
collection  of  district  assessments  by  county  officers  instead  of  by 
district  officers.  Five  irrigation  districts  in  Idaho  have  adopted  the 
provisions  of  this  amendment.  The  Texas  law  governing  water 
control  and  improvement  districts  permits  the  directors  the  option 
of  employing  their  own  assessor  and  collector  or  of  certifying  the 
tax  levy  to  county  officers  for  collection.  In  New  Mexico,  districts 
formed  to  cooperate  with  the  United  States  may  take  over  all  duties 
relating  to  levying  and  collecting  district  taxes. 

In  several  States,  of  which  Arizona  is  typical,  the  district  di- 
rectors determine  the  amount  of  money  necessary  to  be  raised  and 
the  areas  subject  to  assessment,  but  the  county  supervisors  or  com- 
missioners levy  the  assessment  after  the  county  assessor  has  made 
up  the  roll,  and  the  county  treasurer  collects  the  taxes  at  the  same 
time  and  in  the  same  manner  as  collections  of  general  taxes  are 
made.  The  county  treasurer  of  the  county  in  which  the  office  of  the 
district  is  located  is  ex  officio  district  treasurer. 

In  the  other  States  these  fiscal  duties  are  divided,  the  usual  pro- 
cedure being  that  the  district  directors  levy  the  assessment  and  cer- 
tify the  assessment  roll  to  the  county  assessor  or  county  clerk,  as  the 
case  may  be,  for  addition  to  the  county  roll,  the  county  treasurer 
making  collections  in  the  usual  way  and  transmitting  the  receipts 
to  the  district  treasurer  or  ex  officio  treasurer.  In  several  of  these 
States  the  county  treasurer  of  the  county  in  which  the  district  was 
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originally  organized  is  charged  with  the  duty  of  paying  the  inter- 
est and  principal  of  bonds,  while  collections  on  account  of  assess- 
ments for  general  purposes  are  turned  over  to  the  district  treasurer 
to  be  disbursed  by  him. 

There  is  no  fundamental  distinction,  therefore,  between  district 
and  county  handling  of  funds  in  so  far  as  the  usual  responsibility 
of  the  district  directors  is  concerned.  Whether  the  directors  actually 
levy  the  assessment  or  not,  it  is  nevertheless  their  duty  at  least  to 
initiate  proceedings  looking  to  procuring  revenue  through  the 
proper  channels  and  to  authorize  expenditures.  The  difference  is 
that  some  States  have  put  the  existing  county  financial  machinery 
at  the  disposal  of  the  irrigation  district. 

The  statement  is  sometimes  made  that  separation  of  district  taxing 
machinery  from  that  of  the  county  is  objectionable  to  bondholders,  in 
that  district  tax  officials  are  more  subject  to  local  influences  and  have 
less  prestige  in  the  eyes  of  the  taxpayers  than  have  county  officials. 
The  validity  of  such  an  objection  is  necessarily  difficult  to  estimate, 
but  consideration  of  tax  delinquencies  and  the  reasons  therefor,  sale  of 
bonds,  and  integrity  of  bonds  of  irrigation  districts  in  California, 
Idaho,  and  Texas,  as  compared  with  those  in  other  States,  fails  to 
support  the  objection. 

ACCOUNTING 

For  the  purpose  of  accounting,  each  statute  prescribes  certain 
funds,  the  most  usual  series  consisting  of  the  bond  fund,  including 
money  received  from  the  collection  of  assessments  for  payment  of 
interest  and  principal  of  bonds;  the  construction  fund,  money  re- 
ceived from  the  sale  of  bonds  or  from  collection  of  construction 
assessments,  to  be  used  for  construction  of  works ;  the  general  fund, 
revenue  for  the  payment  of  current  expenses ;  and  the  United  States 
contract  fund,  money  received  for  making  payments  due  under  Fed- 
eral contracts.  Several  States  prescribe  a  single  fund,  called  the 
bond  and  United  States  contract  fund,  for  money  received  on  account 
of  payments  due  on  bonds  or  on  Federal  contracts.  Other  names  are 
sometimes  given  to  funds  for  substantially  the  above  purposes,  and 
additional  funds  are  often  provided.  The  reason  for  having  definite 
funds  is  to  insure  the  use  of  money  for  the  purpose  for  which  it 
was  obtained.  Statutory  provision  sometimes  exists  for  transferring 
money  from  one  fund  to  another. 

ASSESSMENTS 

The  words  "  tax "  and  "  assessment "  are  often  used  indiscrim- 
inately to  denote  the  charge  levied  by  an  irrigation  district  against 
land.  However,  court  decisions  involving  the  nature  of  this  charge 
usually  distinguish  clearly  between  tax  and  assessment  and  in  most 
cases  have  held  the  district  charge  to  be  an  assessment.  This  dis- 
tinction is  important  in  that  assessments  for  local  improvements, 
which  the  district  charges  are  usually  held  to  be,  are  not  subject  to 
constitutional  provisions  that  taxation  shall  be  equal  and  uniform. 

The  assessment  becomes  a  lien  upon  the  land  when  levied,  or  on 
a  date  fixed  by  statute.  Assessments  are  levied  annually  at  the 
times  prescribed  by  the  respective  statutes,  in  order  to  raise  money 
for  paying  the  interest  and  principal  of  bonds,  or  to  provide  a 
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sinking  fund  for  retirement  of  the  bonds  when  due.  They  are  levied 
also  for  payments  due  the  United  States,  and  for  other  obligations 
of  the  district  as  well  as  for  maintenance  and  operation  and  all 
general  purposes.  The  amount  that  may  be  raised  annually  for 
maintenance  and  general  expenses  is  sometimes  limited  by  statute. 
Special  assessments  must  usually  be  authorized  by  vote  of  the  electors. 
Some  of  the  statutes  provide  for  levying  a  greater  amount  than 
needed — usually  15  per  cent — to  cover  anticipated  delinquencies.  In 
some  States  assessments  are  made  payable  in  two  annual  installments. 
Several  States  authorize  the  receipt  of  bonds  or  coupons  in  satis- 
faction of  the  bond-fund  levy  for  years  in  which  such  obligations 
fall  due,  and  in  some  cases  the  receipt  of  warrants  in  payment  of 
general-fund  levies.  This  authority  has  proved  valuable  in  consum- 
mating several  complicated  financial  reorganizations.  A  provision 
that  the  assessment  lien  for  the  payment  of  bonds  or  for  payments 
due  on  contract  with  the  United  States  shall  be  a  preferred  lien  to 
that  for  bonds  subsequently  issued  appears  in  a  number  of  the  stat- 
utes. Arizona,  on  the  contrary,  expressly  declares  that  no  bonds 
shall  have  priority  of  lien  over  that  of  any  other  bonds. 

METHODS  OF  ASSESSMENT 

While  all  irrigable  lands  within  an  irrigation  district  are  liable 
to  assessment  and  in  some  cases  nonirrigable  lands  as  well,  there  are 
several  methods  of  determining  the  amounts  to  be  assessed  against 
the  respective  tracts.  One  particular  method  is  customarily  in  use 
in  each  State,  though  it  is  sometimes  provided  that  districts  con- 
tracting with  the  United  States  may  levy  assessments  pursuant  to 
the  terms  of  such  contract,  and  alternative  methods  are  provided 
for  in  some  States. 

AD   VALOREM    METHOD 

The  original  Wright  Act  of  California  provided  that  all  real 
property  in  the  district,  including  improvements,  should  be  assessed 
for  irrigation-district  purposes  at  its  full  cash  value.  In  1909,  how- 
ever, the  legislature  exempted  improvements  from  taxation  in  all 
districts  thereafter  organized  and  provided  that  existing  districts 
might  come  within  the  new  provision  by  vote  of  a  majority  of  the 
resident  title  holders.  Most  of  the  operating  districts  in  which 
assessments  were  being  levied  proceeded  to  take  advantage  of  this 
plan.  Nebraska  and  Oklahoma  follow  the  present  California  plan. 
Kansas  provides  that  a  tax  shall  be  levied  upon  all  real  estate 
dependent  upon  the  works  for  irrigation.  Texas  originally  provided 
for  ad  valorem  assessments  only  but  has  recently  authorized  a  choice 
as  between  ad  valorem  or  benefit  plans,  or  in  certain  cases  a  com- 
bination of  those  for  districts  conforming  to  section  59  of  article  16 
of  the  State  constitution.  The  ad  valorem  tax  applies  to  both  real 
and  personal  property.  California  permits  assessments  to  be  appor- 
tioned according  to  benefits  in  case  of  payments  to  be  made  to  the 
United  States. 

Some  of  the  California  and  Nebraska  districts  have  made  an 
approach  to  assessment  according  to  the  full  cash  value  of  the 
land,  but  the  valuations  arrived  at  are  in  most  cases  not  proportion- 
ate to  the  market  values,  and  seldom  do  they  follow  the  county 
valuations   for  purposes   of  general  taxation.     That  is,   although 
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higher  valuations  are  sometimes  placed  upon  lands  close  to  cities 
and  towns  and  along  important  highways,  nevertheless  nominal 
valuations  are  customarily  assigned  to  lands  lying  above  the  ditch 
system  or  impregnated  with  alkali.  Thus  to  this  extent  the  benefit 
method  of  appraisement  is  followed. 

An  analysis  of  assessed  valuations  per  acre  for  82  active  California 
districts  shows  that  in  31  cases  the  valuation  was  uniform  upon  all 
irrigable  lands  and  that  in  11  of  these  the  valuation  was  $100  per 
acre.  Where  variations  from  a  uniform  assessment  were  made  the 
tendency  was  to  make  the  difference  appreciable.  Thus,  of  the  49 
cases  for  which  both  high  and  low,  other  than  nominal,  valuations 
are  reported,  only  9  cases  show  the  low  valuation  to  be  75  per  cent  or 
more  of  the  high,  while  34  cases  show  it  50  per  cent  or  less;  and  in 
24  cases,  or  practically  half  of  the  total,  the  ratio  is  32  per  cent  or 
less.  In  the  most  extreme  instance  the  high  valuation  was  $200  per 
acre,  the  low  $5,  and  the  usual,  $120.  Some  districts  have  only  2  or  3 
classifications,  while  others  have  8  or  10. 

UNIFORM  BATE  PEE  ACEE 

In  Arizona,  Colorado,  Montana,  New  Mexico,  and  Oregon  all  lands 
within  an  irrigation  district  are  required  to  be  valued  for  district 
assessment  purposes  at  the  same  rate  per  acre  or  are  subject  to  assess- 
mtent  in  a  uniform  amount  per  acre,  the  effect  being  the  same  in 
either  case.  Several  States  permit  exceptions  to  this  rule,  prin- 
cipally as  follows : 

In  Oregon,  reclamation  of  the  lands  may  be  by  units  and  the  assess- 
ments apportioned  accordingly,  provided  the  State  engineer  approves 
such  plan.  This  procedure  has  not  been  reported  as  having  been 
put  into  effect  in  any  Oregon  district.  Another  exception  to  the 
Oregon  rule,  put  into  operation  in  several  cases,  permits  assessments, 
except  for  operation,  maintenance,  and  drainage,  against  any  tract 
which  has  an  appurtenant  water  right  not  yet  acquired  by  the  dis- 
trict, to  be  in  the  same  proportion  to  a  full  assessment  as  the  addi- 
tional water  right  to  be  supplied  by  the  district  bears  to  a  full  water 
right.  These  preexisting  water  rights  have  complicated  matters  con- 
siderably in  several  attempted  cases  of  financial  reorganization  in 
that  State,  and  in  at  least  one  case  the  granting  of  credits  to  holders 
of  such  rights  is  thought  to  have  been  a  contributing  cause  of  failure 
in  that  it  relieved  the  lands  best  able  to  pay  and  actually,  though  not 
ostensibly,  increased  the  burden  upon  the  poorer  lands.  In  addition 
to  the  above  exceptions,  the  Oregon  Legislature  at  the  last  two 
sessions  has  provided  that  under  certain  circumstances  districts  may 
adopt  the  benefit  method  of  assessment. 

In  Montana,  in  case  of  pumping  to  different  elevations,  mainte- 
nance, operation,  and  pumping  assessments  may  be  levied  at  a  differ- 
ent rate  for  each  elevation.  This  authority  is  reported  to  have  been 
exercised  in  few  if  any  cases. 

In  New  Mexico,  in  case  of  districts  formed  to  cooperate  with  the 
United  States,  assessments  may  be  made  by  units  if  the  lands  have 
been  so  divided  by  the  Secretary  of  the  Interior  and  shall  take 
account  of  exemptions  and  credits  under  contracts  with  the  United 
States. 
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ACCORDING   TO  BENEFITS 


Assessments  are  apportioned  according  to  the  benefits  received  in 
Idaho,  Nevada,  North  Dakota,  South  Dakota,  Washington,  and  Wy- 
oming, and  benefit  assessments  are  optional  under  certain  circum- 
stances in  California,  Oregon,  and  Texas,  as  previously  referred  to. 
The  plan  followed  in  Idaho,  Nevada,  and  Wyoming  involves  a  single 
apportionment  of  benefits  after  a  bond  issue  has  been  authorized, 
which  apportionment  is  subject  to  confirmation  by  the  court  and 
which  as  finally  confirmed  is  the  basis  of  all  future  assessment  to  pay 
the  principal  and  interest  of  the  bonds  or  assessments  levied  in  lieu 
of  bonds.  Wyoming  has  an  assessment  of  benefits  and  an  assessment 
for  construction,  the  former  being  a  list  of  the  benefits  estimated  to 
accrue  to  each  tract  from  the  proposed  construction  work  and  the 
latter  the  real  assessment  for  the  actual  cost  of  construction  which  is 
proportioned  according  to  the  benefits  and  may  equal  but  may  not 
exceed  the  amount  of  benefits.  In  Washington,  North  Dakota,  and 
South  Dakota,  apportionments  of  benefits  are  made  annually. 

The  application  of  the  benefit  principle  in  the  many  operating 
irrigation  districts  in  Idaho  and  Washington  results  in  a  surprisingly 
large  number  of  uniform  assessments  per  acre.  This  is  because  it 
has  often  been  assumed  that  all  irrigable  land  within  a  district  is 
equally  benefited  and  that  nonirrigable  land  receives  no  benefit,  with 
the  result  that  all  of  the  cost  has  been  assessed  at  a  uniform  rate  per 
acre  against  the  irrigable  land.  In  other  districts  it  has  been  decided 
that  all  district  land,  whether  irrigable  or  lying  above  the  canal 
system,  is  benefited  either  directly  or  because  of  the  enhanced  value 
of  the  community  as  a  whole,  in  which  cases  the  construction  cost 
has  been  apportioned  against  irrigable  and  unirrigable  lands  in  the 
ratio  of,  say,  10  to  1.  Sometimes,  but  in  relatively  few  cases,  several 
grades  of  irrigable  or  of  nonirrigable  land  have  been  established 
and  different  benefits  assigned.  In  other  instances  in  which  dis- 
tricts took  over  existing  systems  embracing  tracts  upon  which  only 
partial  water-right  payments  had  been  made,  the  unpaid  amounts 
were  added  to  a  flat  rate  per  acre  in  determining  the  amount  of 
benefits  to  assess  against  such  tracts.  In  at  least  one  instance  of 
drainage  construction  by  an  irrigation  district  two  classes  of  benefits 
were  assessed — one  amount  against  lands  directly  benefited  and  the 
other  against  lands  indirectly  benefited.  In  still  another  instance 
benefits  were  based  upon  the  relative  costs  of  three  different  pumping 
lifts.  Adjustments  for  preexisting  partial  water  rights  and  seepage 
conditions  have  also  been  made  by  this  method. 


ACCORDING  TO  WATER  ALIiOTMENT 


In  Utah,  prior  to  district  formation  a  determination  is  made  by 
the  State  engineer  of  the  maximum  amounts  of  water  which  may 
be  beneficially  used  upon  each  40-acre  tract,  or  smaller  tracts  if  in 
separate  ownership,  in  the  proposed  district.  This  allotment,  as 
finally  revised  after  organization  and  after  the  amount  of  water 
available  has  been  determined,  is  the  basis  of  all  assessments  and 
tolls.  In  actually  making  such  allotment  existing  water  rights  are 
listed,  soil  and  subsoil  classified,  the  depth  to  ground  water  is  meas- 
ured, and  the  water  deficiency  ascertained. 
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COMPARISON   OF   METHODS  OF  ASSESSMENT 


Irrigation-district  assessments  have  one  purpose — to  secure  money 
from  the  lands  improved  by  irrigation  to  repay  the  cost  of  improve- 
ment, usually  in  installments.  A  method  of  assessment  is  essentially 
a  scale  by  which  to  determine  the  degree  in  which  the  several  tracts 
are  improved,  or  benefited,  as  against  each  other.  It  is  important 
to  note  that  this  scale  is  independent  of  the  question  of  ultimate 
liability  of  any  tract  for  all  or  for  only  a  pjortion  of  the  district 
obligations.  Thus,  in  the  event  of  blanket  liability,  delinquencies  are 
added  to  the  following  year's  levy  and  spread  upon  the  entire  dis- 
trict in  accordance  with  the  original  scale.  The  main  differences 
in  character  of  the  scale  center  about  the  possibility  of  changing 
the  relative  amounts  of  assessed  benefits  in  case  physical  or  economic 
conditions  should  subsequently  alter  the  relative  productive  powers 
of  the  several  tracts  and  therefore  alter  the  value  of  the  irrigation 
improvement  to  them. 

A  certain  amount  of  flexibility  in  determining  the  proper  amounts 
to  be  assessed  against  district  lands  is  obtainable  by  either  the  ad 
valorem  or  the  benefit  method.  Theoretically  the  ad  valorem  method 
might  seem  to  require  a  rigid  application,  yet  in  actual  practice  the 
district  assessors  have  frequently  departed  widely  from  a  strict 
interpretation  of  the  law,  even  to  the  extent  in  some  cases  of  valuing 
all  farm  lands  in  the  district  year  after  year  at  the  same  rate  per 
acre.  The  ad  valorem  principle  does  not  readily  lend  itself,  how- 
ever, even  under  a  liberal  interpretation,  to  the  organization  into  an 
irrigation  district  of  a  community  in  which  varying  degrees  and 
values  of  water  rights  already  exist,  unless  the  district  is  prepared 
to  purchase  such  rights,  as  was  done  in  case  of  Merced  irrigation 
district ;  nor  is  it  adapted  to  a  community  composed  of  distinct  units 
requiring  radically  different  construction  costs. 

The  theory  of  assessing  the  cost  of  a  local  improvement,  such  as 
irrigation,  according  to  the  full  cash  value  of  the  land,  if  carried 
out  rigorously,  might  readily  prove  inequitable  inasmuch  as  all 
factors  contributing  to  the  full  cash  value  of  a  tract  do  not  neces- 
sarily contribute  in  the  same  degree  to  its  increased  value  resulting 
from  irrigation.  The  satisfactory  operation  of  these  ad  valorem 
laws  in  connection  with  irrigation-district  assessments  has  been  due 
in  no  small  measure  to  the  refusal  of  so  many  assessors  to  follow 
them  out  to  the  letter;  in  other  words,  to  the  practices  built  up  in 
applying  the  laws  rather  than  to  the  strict  requirements  of  the  laws 
themselves.  A  further  contributing  factor  has  doubtless  been  the 
fact  that  inequities  involved  in  the  higher  valuations  have  not  been 
sufficiently  harmful  to  result  in  changing  the  plan.  Few,  if  any,  of 
the  districts  in  lower  Eio  Grande  Valley,  Tex.,  have  adopted  the 
benefit  method  of  assessment  in  preference  to  the  ad  valorem  plan, 
the  latter  having  been  tried  there  in  numerous  districts  and  found 
satisfactory. 

Assessment  according  to  benefits  is  designed  to  take  care  of  vary- 
ing local  needs  and  conditions  arising  from  the  installation  of  irri- 
gation systems.  Greater  adaptability  in  determining  benefits  is  of 
course  possible  where  the  apportionment  is  made  annually,  or  where 
a  reapportionment  is  permitted  in  particular  cases  in  subsequent 
years,  than  where  the  allotment  of  benefits  is  made  only  once  for  all 
time.     A  permanent  assessment  of  benefits  assumes  that  the  ratio 
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of  the  value  of  water  to  the  several  tracts  assessed  will  remain  un- 
changed throughout  the  life  of  the  bonds.  This  assumption,  of 
course,  is  not  supported  by  experience.  The  Washington  plan  of 
assessing  benefits  annually  appears  to  be  the  more  logical  and 
equitable  and  offers  a  means  of  adjusting  the  district  charges  to  meet 
changing  conditions.  Furthermore,  where  bonds  are  considered  a 
general  liability  against  all  lands  in  the  district,  as  they  are  in 
Washington  and  many  other  States,  the  security  of  bondholders 
can  not  be  impaired  by  altering  the  relative  burdens  to  be  placed 
upon  the  several  tracts  by  a  given  assessment.  In  practice  the  pro- 
portion of  charges  once  established  for  a  district  usually  remains 
the  same  year  after  year,  but  the  valuable  feature  is  that  it  does  not 
need  to  remain  the  same.  A  readjustment  of  benefits  recently  made 
in  Columbia  irrigation  district  is  stated  to  be  working  out  satisfac- 
torily and  to  have  brought  few,  if  any  protests,  in  spite  of  the  fact 
that  the  relative  burdens  on  some  lands  were  necessarily  increased. 

The  two  opposite  views  on  assessment  are  represented,  respec- 
tively, by  the  methods  of  assessing  at  the  same  rate  per  acre  and 
according  to  acre-feet  of  water  allotted,  neither  of  which  methods 
would  seem  to  allow  of  deviation  from  the  fixed  rule.  The  one  view 
is  that  the  irrigation  district  is  a  unit  in  its  community  of  interest 
involving  equal  benefits  to  all  lands,  with  the  result  that  each  acre 
should  bear  a  share  of  the  burden  equal  to  that  of  every  other  acre. 
The  other  idea  is  that  the  quantity  of  water  received  from  the  dis- 
trict is  the  measure  of  interest  each  tract  has  in  the  district,  and 
that  a  tract  receiving  4  acre-feet  per  acre  is  benefited  twice  as  much 
as  one  entitled  to  2  acre-feet  per  acre.  Several  States,  as  previously 
noted,  permit  modifications  of  the  uniform  rate  plan.  The  Utah 
plan  of  assessing  according  to  water  allotments  has  been  in  force 
since  1917  only  and  has  been  tried  out  in  but  few  cases.  In  reality 
it  is  an  extreme  application  of  the  rigid  benefit  rule,  and  involving 
as  it  does  the  exact  quantity  of  water  to  be  supplied  to  each  tract 
by  the  district  improvement,  necessarily  requires  careful,  scientific 
handling.  Administration  of  the  rule  has  proved  unsatisfactory 
in  three  of  the  five  operating  districts  that  have  tried  it,  due  mainly 
to  weaknesses  in  the  original  allotments. 

To  summarize,  the  flat-rate  assessment  and  the  rigid-benefit  assess- 
ment permit  no  deviation  from  the  original  allotment  and  therefore 
are  not  susceptible  of  adjustment  should  such  prove  desirable.  The 
ad  valorem  and  the  annual  benefit  assessments  are  both  adjustable 
in  any  year.  The  two  latter  plans  in  practice  are  not  far  apart  in 
their  aims,  owing  to  the  rather  widespread  interpretation  of  full  cash 
value  as  the  value  or  benefit  resulting  from  irrigation.  The  tendency 
of  so  many  assessors  to  regard  irrigation  improvements  as  of  equal 
benefit  to  all  lands  is  evidenced  by  the  large  number  of  districts 
operating  under  the  ad  valorem  and  benefit  plans  in  which  assess- 
ments are  spread  uniformly. 

OPERATION   COSTS 

The  basis  for  securing  revenue  for  operating  purposes  is  frequently 
different  from  that  upon  which  construction  charges  are  apportioned. 
While  all  irrigable  (and  sometimes  nonirrigable)  lands  in  an  irriga- 
tion district  are  made  liable  for  the  cost  of  building  or  acquiring  the 
irrigation  system,  nevertheless  a  sentiment  sometimes  prevails  that 
55477—31 4 
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lands  not  using  water  should  not  be  required  to  bear  so  large  a  pro- 
portion of  the  cost  of  maintaining  and  operating  the  system  as  lands 
to  which  water  is  actually  delivered.  In  some  States  this  distinction 
may  be  made  in  the  annual  assessment  for  general  expanses,  and  in 
others  it  is  made  possible  only  through  the  imposition  of  tolls. 

The  ad  valorem  method  in  Texas  does  not  apply  to  assessments  for 
maintenance  and  operation  purposes.  For  such  purposes,  one-third 
to  two-thirds  of  the  estimated  expense  for  each  year  is  charged  at  a 
uniform  rate  per  acre  to  all  land  capable  of  being  irrigated,  and  the 
balance  to  all  persons  actually  applying  for  water.  In  the  exercise 
of  statutory  authority,  some  of  the  Texas  districts  take  promissory 
notes  in  advance  from  applicants  for  water  and  hypothecate  these 
notes  in  order  to  secure  money  for  operating  expenses. 

Where  assessments  in  Idaho  districts  are  levied  for  maintenance 
and  operation  purposes,  they  are  required  to  be  in  proportion  to  the 
benefits  received  from  the  maintenance  and  operation  of  the  district 
works  rather  than  proportionate  to  the  construction  cost.  This 
makes  it  possible  to  charge  general  expenses  in  whole  or  in  part  to 
lands  using  water  in  any  year.  Idaho  has  a  further  provision  that 
in  cases  where  works  were  constructed  by  the  United  States  under 
the  reclamation  act,  operation  and  maintenance  assessments  shall  be 
levied  according  to  the  number  of  acre-feet  delivered  during  the 
preceding  season,  with  a  minimum  charge  upon  each  irrigable  acre 
for  not  less  than  1  acre-foot. 

New  Mexico  provides  that  in  districts  formed  to  contract  with 
the  United  States,  the  portion  of  operation  and  maintenance  costs 
to  be  collected  by  tax  shall  be  not  less  than  one-fourth  nor  more 
than  two-thirds  of  the  total. 


TOLLS 


Most  of  the  States  give  district  directors  the  discretion  of  either 
fixing  rates  of  toll  for  water  or  levying  assessments,  or  of  employing 
both  methods  to  defray  the  costs  of  organization  and  current  ex- 
penses. Tolls  are  used  by  a  large  number  of  California  districts, 
and  to  a  lesser  extent  in  some  of  the  other  States.  They  are  some- 
times made  payable  in  advance  of  water  delivery,  but  this  is  not 
always  practicable  owing  to  the  fact  that  money  for  the  payment  of 
tolls  is  often  available  only  upon  the  sale  of  crops  on  which  that 
particular  water  was  used.  The  power  to  require  payment  in 
advance,  however,  has  been  valuable  in  cases  of  pending  financial 
reorganizations  where  assessments  were  not  being  paid  and  money 
to  operate  the  system  would  not  have  been  available  otherwise.  In 
such  cases  advance  payments  have  assisted  materially  in  keeping  the 
systems  functioning.  In  one  Idaho  district  the  quantity  of  water 
used  during  the  season  is  the  basis  of  charge  for  water  master's  and 
ditch  riders'  salaries  and  for  repairing  occasional  breaks  on  the  canal 
system,  and  the  area  of  land  irrigable  is  the  basis  of  assessments  for 
maintenance  and  all  general  expenses.  Some  of  the  statutes  pro- 
vide that  unpaid  tolls  may  be  added  to  the  annual  assessment. 

BONDS 

The  outstanding  feature  that  distinguished  the  early  Wright  Act 
districts  from  those  authorized  by  the  early  Utah  laws  was  the 
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power  to  issue  bonds.  That  the  bonding  privilege  has  been  the 
outstanding  inducement  toward  the  formation  of  districts  is  indi- 
cated by  the  fact  that  86  per  cent  of  all  districts  now  in  operation 
or  undergoing  construction  have  voted  bonds  and  83  per  cent  have 
sold  all  or  portions  of  their  bond  issues. 

The  bond  of  an  irrigation  district  contains  a  promise  to  pay  a 
definite  sum  on  a  definite  date,  with  attached  interest  coupons  pay- 
able annually  or  semiannually,  usually  the  latter. 

In  addition  to  the  usual  type  of  bonds  issued  for  construction  pur- 
poses or  for  the  acquisition  of  irrigation  works,  certain  States  pro- 
vide for  bonds  of  special  character.  Idaho  authorizes  districts  to 
issue  secondary  bonds  to  pay  interest  on  the  main  bond  issue  for  any 
portion  of  the  first  five  years  after  construction  has  been  completed. 
Texas  authorizes  districts  under  certain  circumstances  to  issue  pre- 
liminary bonds  to  pay  the  costs  of  organization  and  preliminary 
investigations,  and  to  issue  interim  bonds  secured  by  a  deposit  of 
bonds  from  the  main  issue  to  pay,  in  case  of  emergency,  for  engi- 
neering and  legal  work  and  for  the  purchase  of  lands  for  right  of 
ways  and  reservoir  sites. 

In  all  States  except  Montana  and  Wyoming  bonds  must  be  author- 
ized by  vote  of  the  district  electors,  prior  to  issue.  In  Montana, 
however,  a  petition  signed  by  holders  of  title  to  land  must  first  be 
filed  with  the  district  commissioners.  In  Wyoming,  after  the  assess- 
ment for  construction  has  been  confirmed  by  the  court,  the  district 
commissioners  without  further  authorization  may  issue  bonds  not 
exceeding  the  amount  of  the  assessment.  An  investigation  by  the 
State  engineer  or  other  official  or  group  of  officials  as  to  the  feasi- 
bility of  proposed  plans  upon  which  bond  issues  are  to  be  based  is  a 
prerequisite  in  a  number  of  States. 

VALIDATION 

So  vital  is  the  question  of  the  legality  of  district  bonds  that  the 
California  Legislature  early  provided  a  means  whereby  the  directors 
of  a  district  could  bring  a  special  action  in  court  to  determine  and 
confirm  the  validity  of  proceedings  leading  up  to  and  including  the 
bond  issue.  This  feature  has  been  adopted  by  the  other  States  with 
the  sole  exception  of  Kansas.  Some  of  the  States  make  the  bringing 
of  such  action  mandatory.  An  advantage  of  this  measure  lies  in 
determining  the  legality  of  bonds  prior  to  their  sale  and  before  such 
legality  can  be  called  into  question  against  the  interest  of  purchasers. 
Of  course  it  is  possible  to  issue  bonds  properly  and  then  dispose  of 
them  illegally.  The  purchaser,  however,  may  stipulate  in  the  contract 
of  sale  that  the  actual  sale  be  similarly  confirmed,  or  the  assessment 
payer  may  bring  action  to  safeguard  his  interests,  in  some  States 
under  the  validation  act  itself.  The  various  statutes  also  provide  that 
proceedings  in  connection  with  assessments,  contracts,  exclusion  of 
lands,  and  other  acts  may  be  tested  in  the  same  way. 

Certain  bond  issues  in  large  amounts  sold  during  the  first  few 
years  of  irrigation-district  operations  in  California,  and  20  years 
later  in  Colorado,  were  subsequently  declared  null  and  void  by  the 
courts.  Confirmation  proceedings  are  now  common,  however.  In 
this  connection  it  is  noteworthy  that  no  bonds  sold  since  1913  have 
yet  been  declared  illegal,  and  that  of  $185,000,000  in  bonds  outstand- 
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ing,  less  than  $750,000  are  now  involved  in  unfriendly  litigation  over 
their  validity. 

INTEREST 

Most  of  the  statutes  prescribe  that  irrigation-district  bonds  shall 
bear  interest  at  a  rate  not  exceeding  6  per  cent  per  annum;  three, 
however,  provide  that  the  interest  rate  shall  be  6  per  cent,  and  several 
laws  fix  the  limit  at  7  per  cent.  In  most  States  interest  must  be 
paid  semiannually,  usually  on  January  1,  and  July  1. 

In  order  to  give  irrigation  districts  an  opportunity  to  get  on  a 
paying  basis  before  interest  shall  fall  due,  it  is  provided  in  the  ma- 
jority of  the  States  that  the  first  one  to  five  years'  interest  rnay  be 
included  in  the  amount  of  the  bond  issue.  In  Idaho  this  is  provided 
for  by  the  issuance  of  secondary  bonds. 

DENOMINATIONS 

Although  several  of  the  State  statutes  contain  no  provision  as  to 
denomination  of  bonds,  most  of  them  fix  maximum  and  minimum 
limitations.  The  minimum  wherever  provided  is  $100  and  the 
maximum  either  $500  or  $1,000.  Several  States  require  the  amounts 
to  be  multiples  of  $100. 

Denominations  are  determined  in  individual  cases  by  the  probable 
class  of  investors.  Some  districts,  for  exceptional  reasons,  have 
adopted  8  or  10  denominations  ranging  from  $100  to  $500,  but  the 
usual  practice,  because  of  greater  convenience  and  consequent  less 
expense  of  handling,  is  to  limit  issues  to  1  to  3  denominations.  Large 
investors  prefer  the  larger  denominations  as  a  matter  of  convenience, 
whereas  small  investors  can  be  reached  only  with  the  smaller  bonds. 
In  States  which  permit  of  $1,000  bonds  these  are  frequently  combined 
with  $100  and  $500  bonds.  Where  $500  is  the  maximum,  it  has  been 
the  general  practice  to  use  that  figure  for  most  of  the  bonds  issued, 
with  often  a  small  percentage  of  the  issue  in  $100  denominations  in 
order  to  attract  the  small  investor  or  to  comply  with  statutory 
requirements  for  retiring  certain  percentages  each  year. 

MATURITIES 

Irrigation-district  bonds  have  nearly  all  been  of  the  serial  type, 
a  certain  percentage  of  the  issue  maturing  each  year.  In  some  States 
it  is  legally  possible  to  have  the  entire  bond  issue  fall  due  at  one 
time ;  but,  particularly  in  districts  only  partly  settled,  the  advantage 
of  spreading  the  principal  payments  over  a  series  of  years  has 
resulted  in  the  use  of  serial  maturities  in  most  cases.  Some  statutes' 
provide  that  certain  percentages  of  the  issue  shall  be  made  to  fall 
due  in  a  specified  number  of  years;  for  example,  5  per  cent  at  the 
end  of  the  eleventh  year  from  date  of  issue,  increasing  to  16  per  cent 
at  the  end  of  the  twentieth  or  last  year  of  the  series.  However,  the 
varying  conditions  in  different  districts  have  caused  most  of  the 
State  laws  to  allow  the  electors  or  the  supervising  State  officials 
more  or  less  option  in  fixing  dates  of  maturity,  and  even  where 
certain  definite  series  and  percentages  are  prescribed  in  the  statute, 
other  maturities  are  usually  made  optional.  Entirely  different  con- 
ditions obtain,  for  example,  in  a  comparatively  new  and  only  partly 
settled  district — which  usually  has  the  burden  of  a  considerable 
discount  added  to  its  capitalization — from  those  found  in  a  com- 
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munity  sufficiently  developed  to  command  a  ready  market  for  its 
bonds  and  capable  of  discharging  its  indebtedness  within  a  short  term 
of  3^ears.  The  one  district  is  benefitted  in  having  its  principal  pay- 
ments deferred  until  the  income  from  the  land  becomes  sufficient  to 
take  care  of  them,  while  the  other  reaps  the  advantages  of  having 
to  pay  less  for  its  loan  and  of  eliminating  the  unhealthy  effect  of 
postponing  payments  unduly. 

Most  of  the  States  provide  maximum  periods  within  which  bonds 
must  mature.  This  period  is  usually  either  20  or  40  years,  although 
statutes  in  two  States  provide  30  years  and  one,  50  years.  Wyoming- 
imposes  no  statutory  limitation  except  that  bonds  shall  run  not 
longer  than  one  year  after  the  last  installment  of  the  assessment  for 
construction,  such  installments  being  fixed  by  the  court. 

Oregon  and  Idaho  provide  for  amortization ;  that  is,  for  the  com- 
bined sum  of  principal  and  interest  payments  to  be  approximately 
equal  each  year  during  the  life  of  the  issue.  Such  bonds  may  run 
not  less  than  5  nor  more  than  50  years  in  Oregon  and  40  years  or  less 
in  Idaho.  The  amortization  plan  is  optional  in  Idaho,  and  in  Ore- 
gon has  been  so  construed  by  the  attorney  general.  Experience 
points  to  the  desirability  of  an  optional  amortization  plan.  A 
project,  for  example,  that  is  well  established  and  without  prospect  of 
large  increase  in  earning  capacity  has  little  to  gain  by  arranging  its 
heaviest  payments  10  or  20  years  hence.  '  On  the  other  hand,  the 
amortization  plan  is  not  adapted  to  the  capacity  of  an  unseasoned 
project,  where  the  expectation  is  that  years  of  growth  will  make 
possible  larger  annual  payments  than  the  project  can  carry  originally. 

Payment  of  the  principal  of  individual  bonds  in  installments  is 
allowed  in  some  States  and  forbidden  in  others.  Several  issues  have 
been  on  this  basis,  but  the  practice  has  never  gained  favor  because  of 
the  complicated  payments  involved  and  the  pronounced  unmarket- 
ability  of  such  bonds.  Certain  statutes  providing  for  the  payment  of 
percentages  in  given  years  state  that  such  provisions  "  shall  not  be 
construed  to  require  any  single  bond  to  fall  due  in  partial  payments." 

The  statutes  are  not  uniform  in  their  use  of  the  words  "  issue  " 
and  "  series  "  in  connection  with  bonds.  Some  define  an  issue  as 
the  whole  amount  of  bonds  authorized  at  any  election  and  a  series 
as  the  part  of  an  issue  maturing  in  any  year,  while  others  call  a 
series  the  amount  authorized  at  an  election  and  an  issue  the  portion 
of  a  series  sold  at  a  specific  time.  In  most  States,  however,  "  series  " 
is  used  in  connection  with  maturities,  and  "  issu^"  whether  specifi- 
cally defined  in  the  statute  or  not,  commonly  refers  to  a  single  bond 
authorization. 

DISPOSAL  OF  BONDS 

Bonds  may  usually  not  be  sold  without  a  prior  advertisement  for 
bids,  although  in  several  States  the  advertising  may  be  dispensed 
with  if  par  can  be  secured  for  the  bonds  at  private  sale.  The  statu- 
tory provisions  with  reference  to  private  sale  and  to  exchange  of 
bonds  for  construction  or  for  completed  works  differ  in  the  several 
States,  some  of  the  laws  allowing  the  directors  considerable  latitude 
and  others  imposing  restrictions.  In  several  States  such  matters  as 
the  use  of  bonds  for  construction  purposes,  disposal  of  bonds  at 
private  sale,  disposal  at  less  than  a  certain  percentage  of  par,  etc.^ 
are  subject  to  approval  by  the  State  bond  commission.     Limits  as 
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to  the  price  at  which  bonds  may  be  sold  or  otherwise  disposed  of 
range  from  par  down  to  85,  although  a  few  States  have  no  minimum 
price  limitation  or  else  provide  that  bonds  may  not  be  sold  for  less 
than  amounts  fixed  by  the  State  commission. 

The  difficulty  of  attempting  to  establish,  by  legislation,  bond 
yields  whidi  will  stand  the  test  of  a  fluctuating  market  has  appeared 
in  the  operation  of  irrigation  districts  generally  and  has  caused 
several  States  to  make  their  statutory  provisions  on  this  j^oint  more 
liberal.  In  California,  for  example,  the  Wright  Act  provided  that 
bonds  should  bear  6  per  cent  interest  and  should  not  be  sold  below 
90.  This  feature  was  amended  in  1897  to  provide  for  5  per  cent 
interest  and  no  sales  at  less  than  par,  and  was  again  amended  in 
1913  to  make  the  interest  rate  not  to  exceed  6  per  cent  and  to  remove 
the  minimum  selling  price  limitation.  A  single  rate  of  interest  fixed 
by  statute  has  proved  to  be  detrimental  to  some  districts  at  times 
when  they  could  otherwise  have  secured  a  lower  rate,  for  to  secure 
the  equivalent  of  a  lower  interest  rate  the  districts  would  have  had 
to  ask  for  larger  premiums  than  many  bond  buyers  w^ould  be  willing 
to  offer.  Neither  excessive  premiums  nor  excessive  discounts  are 
attractive  to  bond  investors.  Restrictions  against  trading  bonds  at 
less  than  par  were  circumvented  in  many  cases  during  the  specula- 
tive eras  by  setting  excessive  valuations  upon  irrigation  works  and 
then  exchanging  such  works  for  district  bonds  ostensibly  at  par. 
The  nearest  approach  to  a  solution  of  these  problems,  without  at  the 
same  time  injuring  legitimate  development,  appears  to  lie  in  mak- 
ing more  liberal  the  statutory  requirements  governing  selling  prices 
and  interest  rates  and  in  safeguarding  the  security  so  far  as  prac- 
ticable by  State  investigations  and  reports.  Statutory  price  fixing 
has  not  been  altogether  successful. 

REFUNDING  BONDS 

Many  of  the  States  authorize  bonds  to  be  refunded.  Funding 
issues  in  some  States  may  similarly  be  exchanged  for  outstanding 
interest,  warrants,  or  notes,  or  sold  to  take  up  such  indebtedness. 

While  the  refunding  privilege  has  been  used  in  the  financial  reor- 
ganization of  districts  in  several  States  in  order  to  take  up  overdue 
bonds  and  interest  at  a  discount,  nevertheless  the  fact  of  refunding 
does  not  by  any  means  imply  insolvency  on  the  part  of  a  district. 
As  a  matter  of  sound  business  policy  certain  districts  have  refunded 
maturing  bonds,  which  they  could  well  have  paid  in  full,  because  of 
prevailing  market  conditions  which  would  have  required  the  farmers 
to  mortgage  their  farms  at  higher  rates  of  interest  or  to  call  in  loans 
bearing  higher  rates  than  the  district  bonds  were  carrying,  in  order 
to  provide  the  district  with  funds  to  take  up  such  bonds.  Certain 
funding  issues  of  this  type  have  sold  at  a  premium,  whereas  the 
original  issues  which  they  were  designed  to  take  up  had  sold  below 
par,  the  higher  price  of  the  funding  bonds  being  due  to  the  increase 
in  the  security  resulting  from  the  district's  development.  On  the 
other  hand,  sound  districts  faced  by  the  necessity  of  refunding  during 
the  present  depressed  condition  oi  the  bond  market  may  be  required 
to  take  discounts  quite  out  of  proportion  to  their  records  in  meeting 
obligations. 
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SECURITY  FOR  BOND  ISSUES 

The  security  behind  the  bonds  of  an  irrigation  district  lies  in  the 
district's  power  and  duty  to  levy  annual  assessments  upon  all  the 
lands  benefited  in  order  to  obtain  funds  for  paying  the  interest  and 
principal  as  due.  In  case  of  neglect  or  refusal  of  district  or  county 
officials  to  levy  assessments,  bondholders  may  compel  such  levy  by 
mandamus  proceedings. 

The  bonds  ordinarily  are  not  a  lien  upon  the  irrigation  works  or 
other  property  of  the  district.  The  Washington  statute  alone  pro- 
vides that  in  addition  to  the  usual  provisions  for  payment  of  bonds 
from  revenue  derived  from  annual  assessments,  such  bonds  shall 
become  a  lien  upon  all  water  rights,  works,  and  other  property  of 
the  district,  enforceable  in  a  civil  action  as  in  case  of  foreclosure  of  a 
mortgage. 

EXTENT   OF   LANDOWNER'S   RESPONSIBILITY   FOR   PAYMENT   OF   BONDS 

The  landowner's  responsibility  for  the  bonds  extends  to  the  entire 
issue  in  some  cases  and  to  a  proportionate  part  in  others.  This  mat- 
ter is  discussed  in  another  publication  of  this  department  (7). 
Briefly,  some  of  the  State  statutes  provide  that  a  cumulative  levy 
shall  be  made  each  year  to  include  delinquencies  in  payment  of  assess- 
ments levied  in  previous  years,  so  that  every  landowner  is  ultimately 
liable  for  the  delinquencies  of  all  other  landowners.  His  liability  in 
such  case  is  known  as  blanket  or  general  liability.  Other  statutes  are 
silent  upon  this  point,  but  most  of  the  State  supreme  courts  that  have 
had  the  question  before  them  have  decided  in  favor  of  blanket  liabil- 
ity. The  Colorado  Supreme  Court  is  an  outstanding  exception  in 
holding  that  the  landowner's  obligation  for  bond  assessments  is 
individual,  and  that  once  having  paid  an  assessment  his  land  can  not 
be  reassessed  because  of  the  failure  of  others  to  pay.^ 

Blanket  liability  is  intended  to  protect  creditors  in  case  of  delin- 
quencies and  has  a  definite  value  where  delinquencies  are  not  heavy. 
In  severe  cases  of  default,  however,  blanket  liability  defeats  its  ends 
in  eventually  making  it  impossible  for  even  the  best  lands  to  continue 
paying  assessments. 

The  laws  of  Arizona,  Colorado,  and  Utah,  and  an  alternative  law 
in  Oregon,  provide  that  under  certain  circumstances  a  landowner 
may  release  his  land  from  liability  for  assessments  for  payment  of 
bond  principal  and  interest  by  paying  in  advance  of  maturity  his 
proportionate  part  of  the  outstanding  bonded  indebtedness.  Some  of 
the  landowners  in  Holbrook  irrigation  district,  Colorado,  have  done 
this  by  buying  and  turning  in  to  the  county  treasurer  the  requisite 
face  value  of  bonds  or  by  paying  the  equivalent  amount  in  cash. 
Thereafter,  in  the  language  of  the  statute,  "  such  lands  shall  be  free 
and  clear  from  any  and  all  liens,  levies,  and  assessments  of  such 
bonded  indebtedness  for  which  such  payment  was  made."  The  Ari- 
zona statute  has  a  proviso  that  in  event  of  default  at  maturity  such 
lands  may  be  taxed  to  meet  the  deficiency.     Montana  provides  for 

» In  the  recent  case  of  Board  of  Commissioners  of  Adams  County  et  al.  v.  Heath  et  al., 
87  Colo.  204,  286  Pac.  107,  the  court  held  further  that  the  legislative  provision  that  the 
rate  of  levy  be  increased  15  per  cent  to  cover  delinquencies  does  not  apply  to  the  bond  and 
interest  levy,  but  is  limited  to  levies  for  "  maintenance,  operating,  current,  and  other 
expenses."  This  decision  involved  the  earlier  irrigation  district  law  of  Colorado,  that  is, 
the  law  under  which  districts  were  organized  prior  to  1921. 
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release  from  the  bond-assessment  lien  only  at  the  hearing  for  deter- 
mination of  irrigable  areas  in  connection  with  proposed  bond  issues, 
at  which  time  a  landowner's  proportionate  liability  may  be  dis- 
charged in  cash.  This  involves  a  fundamental  distinction  from 
releases  from  the  lien  for  outstanding  bonds. 

PROCEDURE  IN  CASE  OF  DEFAULT 

Remedies  of  creditors  of  defaulting  irrigation  districts,  as  of  other 
taxing  districts,  differ  markedly  from  those  of  creditors  of  private 
corporations.  Instead  of  immediate  foreclosure  and  sale  of  the  irri- 
gation system  the  creditors  (except  in  Washington)  have  access  to 
delinquent  lands  only,  and  then  only  upon  expiration  of  the  period 
of  redemption,  which  is  usually  one  to  three  years  after  the  delin- 
quency. If  no  purchasers  appear  at  the  sale,  the  lands  are  struck 
off  to  the  county  or  the  district,  as  the  case  may  be;  hence  unless 
the  creditors  elect  to  buy  the  lands  at  tax  sale,  a  further  period 
ensues  before  their  final  liquidation  for  their  benefit.  In  several 
States  amendments  have  been  proposed  from  time  to  time  to  shorten 
the  periods  of  redemption  of  delinquent  assessments.  Some  of  these 
have  passed,  while  others  have  been  opposed  successfully  on  the 
ground  of  undue  hardship  to  the  farmer. 

A  period  of  redemption  that  serves  to  prevent  a  marginal  district 
from  going  to  default  is  of  course  desirable.  In  case  of  a  project 
unsoundly  financed,  however,  it  is  of  little  help.  Wholesale  ejectment 
of  farmers  from  a  project  capitalized  beyond  its  ability  to  pay  and 
that  is  known  to  be  heavily  in  default  would  merely  compromise  the 
project's  future,  for  experience  has  shown  that  newcomers  are 
repelled  from  an  enterprise  in  financial  straits.  Projects  that  have 
defaulted  definitely  from  deep-seated  physical  or  economic  causes 
have  been  made  successful  only  by  reorganization  on  a  sound  basis, 
and  seldom  if  ever  by  the  simple  expedient  of  selling  out  delinquent 
lands. 

The  Washington  law  authorizes  a  form  of  voluntary  receivership 
in  connection  with  the  dissolution  of  insolvent  districts,  designed 
primarily  for  winding  up  the  affairs  of  defunct  enterprises.  The 
plan  is  being  followed  successfully  in  one  case  and  is  proposed  in 
another.  An  extralegal  receivership  is  being  used,  with  the  consent 
of  the  interested  parties,  in  the  case  of  one  operating  district,  in 
order  to  administer  affairs  efficiently  until  a  plan  of  reorganization 
can  be  consummated.  Oregon  allows  bondholders  to  take  possession 
of  the  irrigation  works  of  a  defaulting  district  and  operate  them 
until  the  default  is  cured,  but  no  case  is  reported  in  which  this  has 
been  done. 

The  Washington  statute  making  bonds  a  lien  upon  the  works  of 
irrigation  districts  was  passed  in  1895.®    Foreclosure  has  been  sug- 

*  So  far  as  could  be  ascertained,  the  constitutionality  of  this  section  has  not  been  passed 
on  by  the  Supreme  Court  of  Washington.  The  recent  case  of  State  ex  rel.  Wells  v.  Hartunp 
et  al.,  150  Wash.  590,  274  Pac.  181,  did  not  directly  involve  this  section,  but  was  a  pro- 
ceeding by  the  State  to  compel  the  directors  of  a  district  to  make  an  additional  assessment 
levy.  In  the  opinion,  however,  the  court  made  the  following  comm-ent :  "  The  provision 
of  the  statute  for  a  lien  upon  the  water  rights  and  other  property  of  the  district  for  the 
benefit  of  the  bondholders  is  only  by  way  of  precaution  and  for  further  security,  and  was 
not  intended  in  any  wise  to  take  the  place  of  assessments  required  by  the  statutes.  The 
foreclosure  of  such  a  lien,  in  the  place  of  the  enforcement  of  such  assessments  as  required 
by  law,  would  defeat  the  very  purpose  of  the  irrigation  law  as  to  that  district  by  taking 
away  all  the  means  of  functioning  as  an  irrigation  district  and  distributor  of  water.  In 
the  event  that  all  the  lands  within  the  district  pass  out  of  private  ownership  and  be  in 
the  ownership  of  the  county  or  the  district,  or  both,  then  of  course  that  provision  may 
be  enforced." 
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gested  in  connection  with  several  reorganizations,  but  in  no  reported 
case  have  proceedings  been  consummated.  The  statute  does  not  spec- 
ify the  relations  of  creditors  and  water  users  after  the  foreclosure. 
Plans  in  one  case  have  involved  formation  of  a  public  utility  com- 
pany to  deliver  water  to  users  entitled  to  receive  it  at  rates  presum- 
ably fixed  by  the  State  department  of  public  works.  Amendments 
to  district  laws  providing  for  such  lien  foreclosure  have  been  sug- 
gested in  other  States  as  a  means  of  improving  the  security  of  bond- 
holders. Where  bondholders  may  have  such  authority,  a  matter  for 
consideration  before  actually  making  over  a  district  system  into  a 
public-utility  system  is  the  past  performance  of  commercial  or  pub- 
lic-utility irrigation  companies,  and  especially  their  poor  earnings 
(S).  In  other  words,  in  view  of  the  circumstances  in  a  given  case 
and  the  unfavorable  financial  history  of  commercial  irrigation  com- 
panies in  general,  does  ownership  of  the  system  promise  the  bond- 
holders greater  remuneration  than  direct  settlements  with  the  land- 
owners? Advantages  of  the  power  to  foreclose  would  consist  in 
inducing  landowners  to  pay  in  possible  cases  of  deliberate  but  un- 
necessary default  and  in  realizing  upon  valuable  marketable  prop- 
erty, such  as  power  rights,  possessed  by  a  district. 

FINANCIAL  REORGANIZATIONS 

While  some  district  projects  have  possessed  so  little  merit  as  to 
result  in  complete  abandonment,  most  of  those  unable  to  meet  obli- 
gations in  full  have  been  sufficiently  worthy  to  give  promise  of 
eventual  success  if  relieved  of  part  of  their  burdens.  The  bond- 
holders under  such  circumstances,  realizing  that  to  pursue  their  legal 
remedies  would  merely  result  in  forcing  the  settlers  off  the  lands, 
have  agreed  in  certain  cases  to  write  off  a  portion  of  the  debt  in 
order  to  assure  ultimate  payment  of  the  balance.  In  most  instances 
the  district  organization  was  retained;  in  several  it  was  dissolved 
and  the  systems  were  transferred  to  mutual  irrigation  companies.  A 
few  projects  have  passed  through  several  financial  reorganizations 
before  becoming  definitely  stabilized,  while  others  have  developed 
rapidly  into  sound  enterprises,  success  depending  partly  upon  the 
thoroughness  of  the  first  adjustment  and  partly  upon  subsequent 
economic  changes.  This  subject  is  discussed  in  detail  in  a  circular 
of  this  department  (7). 

CHARACTER  OF   IRRIGATION-DISTRICT  BONDS 

Bonds  of  irrigation  districts  may  be  divided  into  two  general 
classes,  speculative  and  nonspeculative,  on  the  basis  of  the  charac- 
ter of  the  enterprises  issuing  them.  A  district  that  includes  lands 
valuable  enough  without  irrigation  to  furnish  adequate  security 
tor  its  obhgations,  and  that  is  sufficiently  developed  to  insure  reve- 
nue for  making  all  payments  promptly,  may  issue  bonds  which  are 
truly  an  income-producing  investment.  On  the  other  hand,  a  proj- 
ect which  has  no  security  to  offer  beyond  that  to  be  created  with 
the  proceeds  of  its  bonds,  whether  honestly  conceived  or  otherwise 
is  essentially  a  speculative  undertaking.  Bonds  issued  by  districts 
of  these  two  classes  have  borne  approximately  the  same  rates  of 
interest  and  have  earned  nothing  on  their  face  to  indicate  the  extent 
ot  the  security.  Furthermore,  in  the  periods  of  indiscriminate  buy- 
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ing  of  irrigation  securities,  bonds  of  speculative  districts  often  re- 
tailed, at  prices  comparable  with  those  of  sound  bonds,  to  purchasers 
whose  intent  was  to  invest  rather  than  to  speculate.  It  was  the 
failure  to  discriminate  between  these  types  of  security  that  per- 
mitted so  many  questionable  undertakings  to  be  financed  during 
those  periods. 

THE  BOND  MARKET 

The  market  for  irrigation-district  bonds  during  the  44  years  of 
district  history  has  undergone  extreme  fluctuations  and  on  the  whole 
has  been  much  more  sensitive  to  district  failures  than  to  district  suc- 
cesses. The  earliest  districts  after  considerable  effort  found  an  out- 
let for  their  securities  in  this  country  and  in  foreign  markets.  The 
failures  of  the  early  nineties,  however,  made  the  disposal  of  bonds 
on  any  great  scale  practically  impossible  for  some  years.  Never- 
theless, bonds  continued  to  be  sold  in  small  quantities,  mainly  to 
local  buyers,  until  the  revival  of  interest  in  irrigation  development 
during  the  nrst  decade  of  this  century  caused  a  ready  sale  of  irri- 
gation securities  in  the  Chicago  and  eastern  markets  upon  the  recov- 
ery from  the  financial  depression  of  1907.  Then  came  the  second 
series  of  district  failures,  coupled  with  the  failure  of  a  Chicago 
house  which  had  been  financing  Carey  Act  and  district  enterprises, 
the  net  result  of  which  was  a  second  collapse  of  the  market.  Most 
districts  that  failed  during  that  period  were  highly  speculative 
enterprises  that  had  little  chance  to  succeed  even  under  the  most 
favorable  circumstances ;  but  the  credit  of  all  districts  was  impaired. 
The  more  conservative  development  of  the  next  few  years,  financed 
locally  in  several  Western  States,  tended  to  restore  credit  and  led 
to  an  unprecedented  market  during  the  period  extending  from  the 
close  of  the  war  through  1925.  During  the  three  following  years, 
1926  to  1928,  sales  of  irrigation-district  bonds  aggregated  some 
$23,500,000,  which  exceeded  the  total  sold  during  any  3-year  period 
prior  to  1920  but  was  much  below  the  post-war  performance.  In 
1928  the  sales  totaled  $5,000,000. 

Bonds  of  districts  in  a  number  of  States  were  sold  in  the  West 
during  and  after  the  war,  principally  in  California.  Western  mar- 
kets were  unable  to  absorb  all  the  large  issues  that  followed,  and 
efforts  to  sell  more  extensively  in  the  Middle  West  and  East  proved 
successful  for  the  first  time  in  years. 

The  market  for  irrigation- district  bonds  at  present  is  poor.  In 
company  with  the  market  for  bonds  of  most  types,  municipals  and 
industrials  included,  it  declined  heavily  several  years  ago  when  in- 
vestors turned  their  attention  primarily  to  common  stocks.  The 
class  of  bond  and  character  of  individual  security  were  not  control- 
ling; fixed-income  bonds  as  a  whole  gave  way  to  stocks  with  antici- 
pated rises  in  market  quotations.  The  collapse  of  the  stock  market 
during  the  fall  of  1929  aroused  expectations  of  improvement  in  the 
bond  market.  The  measurable  improvement  in  the  general  bond 
market  noted  during  the  winter  of  1929-30  did  not,  according  to 
reports,  extend  at  that  time  to  irrigation-district  bonds. 

The  demand  for  irrigation-district  bonds  has  doubtless  been  ad- 
versely affected  by  defaults  of  certain  districts  financed  and  built 
during  the  war  boom,  at  the  peak  of  prices,  with  insufficient  reserve 
to  withstand  the  protracted  agricultural  depression  that  followed. 
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The  weight  of  this  influence  is  difficult  to  estimate,  in  view  of  the 
decline  in  other  bonds.  That  it  did  not  have  the  sweeping  effect  of 
the  failures  of  1912  and  1913  is  indicated  by  the  fact  that  large 
sales  of  district  bonds  were  made  after  information  regarding  the 
more  recent  defaults  became  generally  known.  The  two  situations 
are  not  strictly  comparable,  for  in  1914  one-third  or  less  of  all  dis- 
trict bonds  sold  were  in  good  standing,  while  now  the  fraction  is 
more  than  two-thirds. 

Quotations  of  bonds  of  California  districts  during  the  winter  of 
1929-30,  compiled  in  San  Francisco  and  Los  Angeles,  with  few  ex- 
ceptions were  below  par — some  far  below.  Some  marked  variations 
in  prices  bid  were  out  of  harmony  with  actual  differences  between 
the  districts  involved.  Some  of  these  variations  are  rather  surpris- 
ing, in  view  of  the  large  amoimt  of  authentic  information  concern- 
ing individual  districts  that  has  been  made  available  to  the  public  in 
recent  years. 

Irrigation-district  bonds,  .^  which  are  sometimes  referred  to  as 
"  municipals,"  bear  higher  interest  rates  and  sell  to  net  higher  yields 
than  do  the  true  municipals,  even  in  favorable  markets.  Very  few 
irrigation  districts  have  sold  bonds  to  yield  the  investor  less  than 
5  per  cent,  and  not  many  others  to  yield  less  than  5%  per  cent. 
Municipal  bonds  as  a  class  are  much  more  numerous,  older,  and 
more  seasoned  than  district  bonds  and  are  less  affected  by  individual 
cases  of  default.  Likewise  the  element  of  hazard,  which  enters  in 
greater  or  less  degree  into  agricultural  and  reclamation  undertak- 
ings, has  proved  less  pronounced  in  the  case  of  municipalities. 
These  factors  necessitate  a  greater  amount  of  advertising  for  dis- 
trict bonds,  the  cost  of  which,  together  with  the  greater  expenses  of 
handling,  selling  risk,  etc.,  makes  the  margin  between  the  price 
dealers  pay  for  the  bonds  and  the  price  at  which  they  sell  them  to 
the  ultimate  investors  usually  greater  than  that  for  good  municipal 
bonds.  The  effect  of  this  situation  is  that  a  ^iven  town  or  school 
district  may  secure  cheaper  money  than  the  irrigation  district  to 
which  it  owes  its  existence. 

Measures  taken  to  strengthen  State  supervision  over  district  activi- 
ties, and  particularly  to  provide  for  State  certification  of  bonds, 
undoubtedly  gave  great  impetus  to  the  sale  of  bonds.  The  State's 
certificate  made  the  issue  more  attractive  to  the  average  purchaser 
and  was  consequently  an  important  selling  point.  As  noted  under 
State  Supervision  (p.  47),  however,  this  feature  is  less  important  in 
the  sale  of  bonds  from  some  States  than  it  was  10  years  ago. 
Another  measure  to  improve  the  marketability  of  bonds  was  statu- 
tory authority  in  some  States  to  eliminate  the  word  "  irrigation  " 
from  the  official  designations  of  irrigation  districts  and  to  substitute 
some  equivalent  term  such  as  "  water  conservation,"  "  water  con- 
servancy," or  "  water  improvement."  Some  statutory  amendments 
permitted  and  others  required  the  new  terms  to  be*^  used.  These 
changes  were  designed  to  afford  districts  an  opportunity  to  prove  the 
merits  of  their  bond  issues  without  having  to  encounter  the  initial 
handicap  attaching  in  some  places  to  the  term  "  irrigation."  Exemp- 
tion of  irrigation-district  bonds  from  Federal  taxation  has  also  been 
an  important  selling  point.  In  some  States  district  bonds  are  free 
from  State  taxation  as  well. 
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PRESENT  STATUS  OF  IRRIGATION-DISTRICT  BONDS 

Data  on  all  irrigation-district  bonds  sold  from  1888  to  1928,  in- 
clusive, are  summarized  by  States  in  Tables  6  and  7,  and  certain  fea- 
tures are  shown  graphically  in  Figure  4.    All  bonds  reported  herein 

are  original  bonds.  Sales, 
therefore,  are  of  new  issues, 
not  refunding  issues.  Re- 
funding bonds  are  treated 
in  all  cases  as  continuations 
of  original  bonds  which 
they  supplanted,  whether 
the  refunding  bonds  were 
traded  directly  to  holders 
of  original  bonds  or  were 
sold  elsewhere  to  provide 
funds  to  retire  the  original 
issues.  Likewise,  the  retire- 
ments shown  in  part  2  of 
the  classification  of  princi- 

Sal  in  Table  8  (p.  39)  are  outright  cancellations  and  not  refundings. 
onds  of  local  improvement  districts  within  irrigation  districts  are 
not  included,  although  those  of  the  two  irrigation-lateral  districts  in 

t^^^^     D/sfr/'c^s    formed  Cnumber) 
HH      Bonds  sold  C mil  I  ions  of  dollars) 


Figure  4. — Comparison  of  rates  of  formation  of 
irrigation  districts  and  sales  of  bonds  by  years, 
1887  to  1928,  inclusive 
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Figure  5. — Comparison  of  districts  formed  and  bonds  sold  in  the  seven  leading  States 
from  1917  to  1928,  inclusive,  grouped  into  3-year  periods 


Idaho  are  included  inasmuch  as  these  are  organized  as  independent 
irrigation  districts.     (See  Local  Improvement  Districts,  p.  65). 

Figure  4  compares  the  rate  of  formation  of  irrigation  districts 
with  the  rate  of  bond  sales  for  all  States  in  the  aggregate  throughout 


IRRIGATION   DISTRICTS 


39 


the  42  years  of  district  activities.  The  lag  between  organization  and 
sale  of  bonds  is  noticeable,  as  would  be  expected.  It  will  be  ob- 
served that  following  the  two  organization  peaks  of  1909  and  1920, 
the  formation  of  new  districts,  considering  the  West  as  a  whole, 
declined  throughout  periods  during  which  bond  sales  were  holding 
up  or  increasing.  Keference  to  Tables  1  and  6  will  show  the  part 
played  by  Colorado  districts  in  the  first  of  these  periods,  that  is, 
the  large  proportion  of  new  districts  and  bonds  for  that  State  in 
1909  to  1911,  inclusive,  and  the  small  proportion  in  1912  and  1913. 
All  five  years,  however,  are  comparable  as  to  total  sales  of  bonds 
from  all  States.  The  tables  show  that  the  four  Northwestern  States, 
Montana,  Idaho,  Washington,  and  Oregon,  contributed  two-thirds 
of  the  districts  formed  in  all  States  during  the  peak  year  1920  but 
only  one-fifth  of  all  bonds  sold  during  the  five  years  following. 
Eliminating  the  large  California  figures,  these  fractions  become  four- 
fifths  and  one-half,  respectively. 

Figure  5  shows  graphically  the  relative  positions  of  the  seven 
leading  States  in  regard  to  district  organization  and  bond  sales  dur- 
ing the  war  period  of  1917  to  1919  and  the  three  3-year  periods  fol- 
lowing. This  chart  shows  that  in  recent  years  interest  in  new 
irrigation-district  activities  has  been  at  a  low  ebb  in  the  Northwest, 
although  relatively  high  in  Texas  and  Arizona. 

INTEGRITY  OF  IRRIGATION-DISTRICT  BONDS 

The  principal  amounts  of  all  irrigation-district  bonds  sold  to 
December  31,  1928,  have  been  classified  as  of  that  date  according  to 
integrity  of  bonds,  that  is,  as  to  fulfillment  of  contract  to  make 
payments  as  due,  and  according  to  status  as  outstanding,  retired, 
or  invalid.     (Table  8.) 

Table  8. — Bonds  of  irrigation  districts  in  13  Western  States  as  of  December  31, 
1928,  classified  according  to  integrity  of  bonds  and  status  as  outstanding, 
retired,  or  invalid 


Item 

Arizona 

California 

Colorado 

Idaho 

Montana 

According  to  district's  fulfillment  of  contract 
to  pay  interest  and  principal: 

Dollars 

Dollars 
2,061,750 

163,300 
471.600 

Dollars 
2,649,400 

Dollars 

Dollars 

Presumably  void  under  statute  of  limi- 

Validity  in  litigation;  as  yet  unpaid 

116,000 

Interest  and/or  principal  defaulted | 

730,000 
16,982,900 

1,637,400 

320,500 

194,000 

117,500 

3, 521, 500 

306,000 

Interest  and/or  principal  compromised 

6,648,300 

4,167,000 

186,000 

1,940,880 

4,092,800 

29,000 

876, 500 

Interest  and/or  principal  payments  over- 
due, with  present  outlook  for  some  ad- 
justment  

1,224,800 

Interest  and/or  principal  payments  over- 
due, with  present  outlook  for  eventual 
payment  in  full 

95,600 

91,500 

Exchanged  for  securities  of  equal  face 
value 

Bonds  and  consideration  returned  on 
change  or  abandonment  of  plans 

All  interest  and  principal  due  paid  in  full 
to  date 

12,525,000 

95,650,861 

7,644,900 

3, 310, 185 

Total  bonds  sold 

12,620,600 

109, 348,  711 

26,153,200 

13,707,580 

5, 923,  985 

See  footnotes  at  end  of  table. 
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Table  8. — Bonds  of  vrrigation  districts  in  13  Western  States  as  of  December  31, 

1928,  eic— Continued 


Item 

Arizona 

California 

Colorado 

Idaho 

1 
Montana 

According  to  whether  outstanding,  retired, 
or  invalid: 
Outstanding — 

Validity  established  or  presumed 

Validity  in  litigation          

Dollars 
12,606,100 

Dollars 
96,  702,  587 
471, 600 

6,923,624 

Dollars 
8,047,339 

Dollars 
11, 736, 300 

Dollars 
5,321,486 
116  000 

Retired  at  face  value- 
Redeemed  in  cash 

14,500 

2, 240, 035 

117, 500 

194, 000 
9,428,272 

1, 871, 900 

1,  604,  754 
2, 649, 400 

1,089,400 

471,500 

Bonds  and  consideration  returned  on 
change  or  abandonment  of  plans... 

Exchanged  for  securities  of  equal  face 
value 

Used  in  paying  bond  fund  taxes  ^ 

Retired  at  less  than  face  value  under  com- 
promise agreements- 
Outstanding  issues  canceled  .  ..  _ 

3, 813,  300 

212,  750 

2,061,750 

163,300 

531, 100 
350,  780 

Portions  of  issues  canceled,  balances 
in  most  cases  refunded  by  new- 
issues  of  district  bonds  ^ 

15,000 

Invalid — 

Illegally  issued 

Legally  issued,  but  presumably  void 
under  statute  of  limitations 

Total  bonds  sold 

12, 620,  600 

109, 348,  711 

26, 153,  200 

13, 707, 580 

5, 923, 985 

Item 

Nebraska 

Nevada 

New 
Mexico 

Oregon 

Texas 

According  to  district's  fulfillment  of  con- 
tract to  pay  interest  and  principal: 
Illegally  issued;  unpaid 

Dollars 
11,000 

Dollars 

Dollars 

Dollars 

Dollars 

Validity  in  litigation;  as  yet  unpaid 

159,800 

Interest  and/or  principal  defaulted 

100, 000 
276,000 

7,471,700 

Interest  and/or  principal  compromised.. 

2, 186, 882 

410,000 

21,000 

250,000 

Interest    and/or    principal    payments 
overdue,   with   present   outlook   for 
some  adjustment 

362, 500 

Interest    and/or    principal    payments 
overdue,  with   present  outlook  for 
eventual  payment  in  full. 

498,000 

Exchanged  for  securities  of  equal  face 
value 

130,000 

9,700 

3, 846, 600 

Bonds  and  consideration  returned  on 
change  or  abandonment  of  plans 

532,000 
2, 123, 968 

All  interest  and  principal  due  paid  in 
full  to  date 

846,500 

914,  500 

21, 204, 000 

Total  bonds  sold 

6, 284, 850 

846,500 

1, 324, 300 

11, 833, 900 

22, 054, 500 

According  to  whether  outstanding,  retired, 
or  invalid: 
Outstanding — 

Validity  established  or  presumed... 
Validity  in  litigation 

3,431,750 

846, 500 

913, 200 
159,800 

1,300 

11,234,300 

20,459,000 

Retired  at  face  value- 
Redeemed  in  cash 

828,063 
532,000 

373, 900 

9,700 
130,000 

1, 595, 500 

Bonds  and  consideration  returned 
on   change  or  abandonment   of 
plans 

Exchanged  for  securities  of  equal 
face  value 

Retired  at  less  than  face  value  under 
compromise  agreements — 
Outstanding  issues  canceled 

250,000 

. 

Portions  of  issues  canceled,  balances 
in  most  cases  refunded  by  new 
issues  of  district  bonds  » 

482, 037 
11,000 

86,000 

Invalid- 
Illegally  issued 

Total  bonds  sold 

6,284,850 

846,500 

1, 324, 300 

11,833,900 

22, 054,  500 

See  footnotes  at  end  of  table. 
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Table  8.- 


-Bonds  of  irrigation  districts  in  13  Western  States  as  of  December  31, 
1928,  etc. — Continued 


Item 

Utah 

Washing- 
ton 

Wyoming 

Total 

According  to  district's  fulfillment  of  contract 
to  pay  interest  and  priiicipal: 

Dollars 

Dollars 

Dollars 

Dollars 
4,  722, 150 

163,300 

747, 300 

1,  376, 100 

30,  598,  862 

23,  690,  900 

1, 241,  600 

334,000 

2,044,700 

159, 924,  285 

Per  cent 
2.10 

Presumably  void  under  statute  of  limi- 

.07 

VdlirlitAT  in  liticmtiotT  »<i  vpt  nnnairl 

.33 

Interest  and/or  principal  defaulted. 

240,100 

.61 

897,400 
2, 519,  700 

541,000 

13.61 

Interest  and/or  principal  payments  over- 
due, with  present  outlook  for  some  ad- 
justment 

1, 815, 000 

10.54 

Interest     and/or     principal    payments 
overdue,    with    present    outlook    for 
eventual  payment  in  full 

.55 

Exchanged  for  securities  of  equal  face 
value 

10,000 

.15 

Bonds  and  consideration  returned  on 

change  or  abandonment  of  plans 

All  interest  and  principal  due  paid  in  full 
to  date --- 

1,050,500 
220,000 

335, 000 
384,000 

.91 

7,  732, 371 

1  71. 13 

Total  bonds  sold                   .  . 

3, 325, 600 

11, 159, 471 

1,260,000 

224,  843, 197 

100.00 

According  to  whether  outstanding,  retired, 
or  invalid: 
Outstanding- 
Validity  established  or  presumed 

2, 183,  600 

10, 046, 395 

750, 303 

184,278,859 
747, 300 

13, 581, 448 

2, 044, 700 

334,000 
9,615,469 

6, 686, 300 

2, 769, 671 

4, 722, 150 

163,300 

81.96 
.33 

Retired  at  face  value- 

91,500 
1,050,500 

864,726 

87.500 
335,000 

6.04 

Bonds  and  consideration  returned  on 
change  or  abandonment  of  plans.. . 

Exchanged   for  securities  of  equal 
face  value 

.91 

10,000 

.15 

87, 197 

4.23 

Retired  at  less  than  face  value  under  com- 
promise agreements- 

220,000 
18,350 

2.98 

Portions  of  issues  canceled,  balances 
in  most  cases  refunded  by  new 
issues  of  district  bonds  ' 

1.23 

Invalid- 
Illegally  issued 

2.10 

Legally  issued,  but  presumably  void 
under  statute  of  limitations 

.07 

Total  bonds  sold 

3,325,600 

11,159,471 

1,260,000 

224, 843, 197 

100.00 

1  A  canvass  of  California  districts,  made  by  the  California  Bond  Certification  Commission  in  the  summer 
of  1930,  shows  that  $9,661,330  of  bonds  of  7  districts  in  good  standing  Dec.  31,  1928,  were  in  default  on  either 
principal  or  interest  on  July  1, 1930.  On  this  basis  the  percentage  of  bonds  on  which  all  payments  due  had 
been  made  in  full  is  reduced  from  71.13  to  66.83,  as  of  the  last  named  date. 

2  Final  holders  usually  bought  these  bonds  at  discounts  pending  financial  settlements.  Some  bonds, 
however,  were  bought  at  par. 

>  Refunded  balances  aggregating  $4,362,063,  and  balances  of  $377,146  remaining  after  cancellation  of 
portions  of  2  issues  which  were  not  refunded,  are  included  in  other  portions  of  this  table. 

In  the  classification  in  Table  8  "  compromised  "  indicates  bonds 
on  which  adjustments  of  principal  or  interest,  or  both,  have  been 
completed  at  a  loss  to  bondholders.  The  three  classes  "  defaulted," 
"  overdue,  with  present  outlook  for  some  adjustment,"  and  "  over- 
due, with  present  outlook  for  eventual  payment  in  full "  comprise 
all  bonds  on  which  payments  are  overdue.  Segregation  of  overdue 
bonds  into  these  classes  necessarily  involves  personal  judgment  but 
is  based  upon  a  careful  consideration  of  facts  in  each  individual 
case  and  upon  the  known  performance  of  defaulted  irrigation  bonds 
in  general.  The  arrangement  is  believed  to  reflect  in  the  aggregate 
the  outlook  in  1929  for  the  bonds  of  each  project  concerned.     In 

55477—31 6 
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general,  defaulted  bonds  are  those  on  which  all  payments  are  long 
overdue,  with  little  apparent  salvage  in  the  projects  and  little  out- 
look for  any  adjustment  of  indebtedness.  The  second  group,  over- 
due, with  present  outlook  for  some  adjustment,  includes  bonds  on 
which  payments  are  overdue  with  adjustments  in  prospect,  or  with 
sufficient  salvage  in  the  projects  to  warrant  an  expectation  that  ad- 
justments will  be  made  at  a  loss  to  bondholders,  but  with  little  or 
no  present  likelihood  that  all  past-due  payments  will  be  made  in 
full.  The  third  group  includes  bonds  on  which  delinquencies  are 
due  to  causes  which  seem  temporary  or  superficial  and  likely  to  be 
overcome  completely  in  the  near  future.  Changes  in  economic  or 
other  conditions  may  alter  these  respective  totals.  They  are  neces- 
sarily based  upon  the  conditions  and  outlook  in  1929  only. 

For  purposes  of  com- 
parison, the  history  of 
irrigation-district  bond 
integrity  has  been  di- 
vided into  six  7-year 
periods,  and  the  results 
are  summarized  in  Fig- 
ure 6.  The  first  and 
fourth  periods,  as  well 
as  the  latter  part  of 
the  third,  were  times 
when  speculation  in 
district  bonds  was  rife. 
Effects  of  the  war 
boom  appear  in  the 
showings  for  both  the 
fifth  and  sixth  periods. 
At  the  end  of  1921, 
71  per  cent  of  all  bonds 
sold  to  that  time  were 
in  good  standing — ^that 
is,  all  interest  and  prin- 
cipal due  had  been 
paid.  The  percentage 
at  the  end  of  1928,  for 
all  bonds  sold  to  and 
including  19  2  8,  is 
shown  in  Table  8  to  have  been  practically  the  same.  However,  as  in- 
dicated in  footnote  1,  Table  8,  material  defaults  have  developed  since 
the  1929  canvass  was  completed.  Information  from  all  States  is  not 
available,  but  it  is  evident  that  the  amount  of  bonds  which  were  in 
good  standing  December  31,  1928,  should  be  reduced  by  at  least 
$9,661,330  as  of  July  1,  1930.  Thus  the  proportion  of  bonds  from  all 
States  in  good  standing  over  the  entire  period  is  reduced  from  71  per 
cent  as  of  December  31, 1928,  to  67  per  cent  or  less  as  of  July  1,  1930. 
Necessarily  a  large  proportion  of  the  bonds  issued  during  the  fifth 
and  sixth  periods,  particularly  during  the  latter,  represent  issues  of 
which  few  or  no  payments  of  principal  have  yet  become  due. 

The  situation  with  reference  to  bonds  sold  during  the  fifth  period 
obviously  is  not  so  good  now  as  it  was  at  the  close  of  that  period  in 
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1921.  The  percentage  of  those  bonds  on  which  all  interest  and 
principal  due  had  been  paid  in  full  was  99  per  cent  then  and  was 
74  per  cent  in  1930.  This  situation  may  be  viewed  m  two  ways: 
(1)  One-fourth  of  these  bonds  then  in  good  standing  were  not  m 
good  standing  in  1930.  (2)  On  the  other  hand,  three-fourths  of  all 
bonds  sold  during  that  fifth  period  of  peak  prices  and  general  opti- 
mism came  through  the  following  period  of  unfavorable  agricultural 
conditions  with  all  payments  made  in  full  as  due. 

The  principal  reason  for  the  very  material  defaults  on  bonds  sold 
during  the  fifth  period  was  insufiiciency  of  reserve  to  carry  the  dis- 
tricts through  the  postwar  depression.  These  districts  were  predi- 
cated upon  costs  which  appeared  feasible  at  that  time,  but  which 
proved  out  of  proportion  to  the  earning  power  of  the  districts  in 
question  under  the  unfavorable  farming  and  land-settlement  condi- 
tions of  the  following  years.  Had  prices  for  farm  products  con- 
tinued high  and  had  settlers  come  in  the  numbers  anticipated,  the 
history  of  many  of  these  enterprises  would  undoubtedly  have  been 
quite  different. 

The  same  statement  holds  generally  true  as  to  defaults  on  bonds 
more  recently  sold.  Prices  for  agricultural  commodities  have  not 
become  favorable  and  land-settlement  conditions  have  not  improved. 
Each  year  of  the  continuing  depression  has  witnessed  fresh  defaults 
and  has  strained  the  resources  of  other  districts  still  in  good  standing. 
The  imminence  of  years  in  which  assessments  must  be  increased  to 
care  for  payments  of  bond  principal,  with  the  bond  market  unfavor- 
able for  refunding  on  a  satisfactory  basis,  led  during  1930  to  a  cam- 
paign to  secure  Federal  aid  in  financing  and  refinancing  district 
enterprises. 

In  considering  the  postwar  performance  of  irrigation-district 
bonds,  it  is  necessary  to  recall  that  irrigation  is  not  an  isolated  indus- 
try ;  it  is  essentially  a  part  of  the  Nation's  agriculture  and  it  thrives 
or  suffers  accordingly.  As  a  matter  of  fact,  the  record  of  irrigation- 
district  successes  and  failures  during  the  postwar  period  compares 
not  unfavorably,  on  the  whole,  with  that  of  the  banks."^  Likewise, 
the  United  States  Department  of  Commerce,  in  publishing  the  results 
of  studies  of  failures  in  the  retail  grocery  business,  points  out  frankly 
the  weaknesses  leading  to  such  failures,  but  does  not  advise  on  that 
account  that  the  retail  grocery  as  an  institution  is  a  failure  (14). 

MAINTAINING    BOND    INTEGRITY   AND    IMPROVING    THE    STANDING    OF    DISTRICT 

BONDS 

The  foregoing  discussion  has  dealt  with  irrigation- district  bonds 
as  a  class.  As  with  other  statistics,  the  averages  are  based  upon  the 
performances  of  districts  of  all  sizes,  kinds,  purposes,  and  degrees 
of  excellence.  The  value  of  bonds  of  a  single  district  varies  with 
the  conditions  affecting  that  district.  This  value  does  not  always 
depend  wholly  upon  agriculture,  for  some  districts  are  composed 

'  The  chief,  division  of  bank  operations,  Federal  Reserve  Board,  advised  under  date  of 
Mar.  25,  1930,  that  the  total  number  of  bank  suspensions,  temporary  and  permanent,  in 
the  United  States  during  the  8-year  period  1921-1928,  as  reported  to  the  Federal  Reserve 
Board,  was  5,000 ;  the  total  number  of  suspended  banks  reopened  during  the  same  period 
was  601.  The  total  number  of  national  and  State  banks  operating  at  the  end  of  1928  was 
25,576,  exclusive  of  private  banks  not  under  State  supervision.  The  total  number  of 
banks  in  operation,  including  private  banks  not  under  State  supervision,  was  30,078  in 
June,  1920 ;  30,748  in  June,  1921 ;  26,145  in  June,  1928 ;  and  25,260  in  June,  1929. 
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largely  of  suburban  residential  property  and  others  have  marketable 
power  and  other  natural  resources.  But  in  most  of  the  districts  now 
operating  the  value  of  bonds  depends  primarily  upon  the  income 
from  the  farming  business  of  the  district  land  operators,  much  as 
the  value  of  bonds  of  a  commercial  enterprise  depends  upon  the 
business  of  that  enterprise,  rather  than  upon  the  market  value  of  the 
land  liable  to  assessment.  The  market  value  of  lands  within  a  dis- 
trict may  or  may  not  reflect  their  earning  power  and  is  not  a  safe 
criterion  of  economic  feasibility.  Nor  is  the  capital  cost  per  acre  a 
criterion,  for  many  districts  with  high  bonded  debts  are  paying 
their  bills  and  promise  to  continue  paying  them,  while  some  with 
much  lower  debts  are  in  trouble.  Irrigation  districts  have  much  in 
common,  but  they  vary  widely  in  financial  integrity  and  in  capacity 
for  discharging  their  obligations,  and  the  bond  investor  must  neces- 
sarily rely  upon  an  analysis  of  the  earning  power  in  each  individual 
case. 

The  tendency  for  years  has  been  to  increase  the  bonded  indebted- 
ness of  communities,  and  the  growth  of  irrigation-district  indebt- 
edness is  one  phase  of  this.  Since  1921  the  aggregate  bonded 
indebtedness  of  operating  districts  and  of  those  under  construction 
increased  some  77  per  cent,  while  the  areas  subject  to  such  bonds 
were  increasing  only  46  per  cent.  Stated  differently,  the  aggregate 
outstanding  bonds  of  such  districts  averaged  $25  per  acre  in  1921, 
and  $31  per  acre  in  1928.  Considering  those  districts  operating  and 
under  construction  at  the  end  of  1928,  the  net  bonded  indebtedness 
added  since  1921,  divided  by  the  net  bonded  acreage  added  since 
1921,  gives  as  a  result  $42  per  acre,  some  of  which  was  applied 
against  lands  previously  bonded.  Necessarily  the  unit  cost  for 
works  installed  during  the  last  nine  years  has  been  higher  than  that 
for  the  35  years  preceding,  for  the  era  of  simple  construction  and 
utilization  of  easily  accessible  water  supplies  has  definitely  passed, 
and  both  new  and  supplemental  development  involve  larger  and 
more  expensive  construction  as  well  as  higher  prices  per  unit  of 
work.  An  increase  in  bonds  per  acre  is,  therefore,  to  be  expected, 
but  the  responsibility  of  those  having  to  do  with  development  from 
now  on  assuredly  lies  in  keeping  the  costs  well  within  the  economic 
need  for  it.  Maintenance  of  district-bond  integrity  depends  upon 
this. 

Much  discussion  has  taken  place  within  the  last  few  years  on  the 
subject  of  stabilizing  the  irrigation-district  bond  market.  Various 
measures  have  been  suggested,  frequently  along  the  line  of  amending 
the  laws  to  strengthen  the  remedies  of  creditors  in  case  of  default. 
It  has  also  been  suggested  that  the  bondholders  be  given  authority 
to  intervene  prior  to  an  actual  default  whenever  the  course  of  local 
management  appears  to  be  leading  clearly  in  the  direction  of  default. 
A  further  opportunity  for  improving  the  standing  of  district  bonds 
lies  with  the  operating  districts  themselves.  Among  the  various 
possibilities  the  following  appear  practicable : 

Provision  from  current  revenues  for  the  reduction  of  indebtedness 
to  the  extent  justified  by  the  productive  powers  of  the  lands.  The 
wisdom  of  this  policy  may  not  always  be  evident,  but  in  certain 
notable  examples  it  has  been  justified  by  the  results.  A  natural  tend- 
ency is  to  consider  one's  own  affairs  paramount,  and  pressure  cer- 
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tainly  is  brought  to  bear  to  hold  down  the  rate  of  assessment  to  that 
required  for  immediate  needs.  Nevertheless,  it  would  seem  that  a 
more  widespread  policy  of  providing  sinking  funds  for  redemption 
of  bonds  at  maturity  or  in  advance  of  maturity  would  create  a  favor- 
able impression  upon  bond  investors,  in  addition  to  being  good  busi- 
ness for  the  districts  themselves.  Deferred  maturities  are  intended 
to  allow  districts  to  become  established  before  being  required  to  make 
heavy  payments,  but  certain  years  are  better  than  others,  and  these 
favorable  years  offer  a  real  opportunity  to  districts  to  reduce  their 
indebtedness.  The  sudden  advent  of  maturities  is  sometimes  a  hard 
experience,  and  refunding  during  a  poor  bond  market  is  expensive. 
This  statement  is  not  intended  to  apply  to  those  districts  that  have 
worked  out  their  programs  and  that  are  meeting  their  bond  maturi- 
ties regularly.  It  is  based  upon  the  fact  that  delinquencies  in  certain 
districts  are  reported  to  be  largely  avoidable,  and  the  tendency  of 
certain  others  is  to  let  the  future  take  care  of  itself. 

Cooperation  among  districts  in  maintaining  credit.  An  irriga- 
tion district  with  bonds  to  sell  usually  has  to  place  them  upon  the 
general  market.  In  practice  the  district's  ability  to  sell  bonds  and 
the  price  received  depend  not  alone  on  the  investor's  analysis  of  the 
individual  case,  but  on  the  record  of  other  districts  in  meeting  their 
obligations.  Defaults  unfortunately  are  emphasized,  and  a  single 
defaulting  district  seems  to  affect  the  market  more  keenly  than  many 
sound  ones.  Irrigation  districts  are  really  dependent  for  their 
welfare  upon  the  performance  of  one  another. 

The  extent  to  which  districts  should  go  in  supporting  each  other 
is  a  controversial  matter.  Creation  of  a  fund  to  insure  districts 
against  delinquencies  was  seriously  considered  by  a  large  group  of 
districts  recently  but  to  the  present  time  has  failed  to  receive  sub- 
stantial support.  Objections  were  due  partly  to  the  unwillingness 
of  established  enterprises  to  sponsor  the  less  stable  ones,  and  partly 
to  the  complications  which  would  ensue  in  the  handling  of  delin- 
quent lands.  Such  procedure,  if  carried  out,  would  be  useful  prin- 
cipally in  overcoming  temporary  troubles,  rather  than  in  correcting 
the  results  of  unsound  development. 

Without  assuming  financial  responsibility  for  one  another,  good 
is  actually  being  accomplished  in  at  least  two  States  at  meetings  of 
district  representatives  at  the  present  time,  through  interchange  of 
experiences  and  consolidation  of  policies.  Growth  of  a  sense  of 
responsibility  on  the  part  of  individual  districts  to  a  group  is  evident 
in  several  places  at  present.  Enlargement  of  this  attitude  to  include 
the  district  movement  as  a  whole  would  seem  to  promise  beneficial 
results.  This  would  necessarily  include  a  willingness  on  the  part  of 
existing  districts  to  support  ample  appropriations  for  determinations 
by  the  State  of  the  economic  feasibility  of  proposed  developments  and 
the  real  need  for  them,  and  to  give  State  officials  statutory  authority 
to  require  such  developments  to  conform  to  their  economic  need. 
The  State  is  the  logical  custodian  of  this  authority  and  if  provided 
with  adequate  backing  from  the  districts  themselves  is  fully  capable 
of  carrying  it  out. 

Publication  of  facts  concerning  the  districts'  financial  condition. 
A  common  statement  of  bankers  to  whom  district  bonds  are  pre- 
sented as  collateral  is  that  no  source  exists-  from  which  authentic 
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information  is  obtainable  as  to  financial  conditions.  Installation  of 
adequate  systems  of  accounting,  frequent  publication  of  complete 
financial  statements,  and  submission  of  statements  of  economic  fact 
to  a  readily  available  source  of  centralized  information  should  go 
far  toward  overcoming  this  objection.  Definite  progress  along  this 
line  is  being  made  in  certain  States.  The  full  cooperation  of  dis- 
tricts is  essential. 

INDEBTEDNESS  TO  THE  UNITED  STATES  NOT  COVERED  BY  BONDS 

Contractual  relations  between  the  United  States  and  irrigation 
districts  on  Federal  reclamation  projects  (see  Relations  with  the 
United  States,  p.  59)  have  involved  the  creation  of  noninterest- 
bearing  indebtedness  not  covered  by  bonds  but  nevertheless  com- 
parable with  bonded  indebtedness.  The  sums  involved  have  become 
very  large  and  are  an  important  element  of  aggregate  district  in- 
debtedness. The  Bureau  of  Reclamation  has  provided  the  following 
statement  (Table  9)  as  of  June  30,  1929,  showing  for  each  State: 
(1)  Total  indebtedness,  or  repayment  contract  value,  under  contracts 
between  the  United  States  and  irrigation  districts,  not  covered  by 
bonds  and  repayable  as  construction  charges  over  a  period  of  years 
provided  the  United  States  performs  all  construction  work  con- 
tracted for;  (2)  total  amounts  paid  by  or  credited  to  districts  on 
the  contracts;  and  (3)  total  unpaid  balances,  including  both  amounts 
due  and  unpaid  and  amounts  not  yet  due. 


Table  9. — Indebtedness  of  irriffation  districts  to  the  Bureau  of  Reclamation 

State 

Total 

Paid 

Balance  due 

California 

Dollars 

1,600.000.00 

999, 768. 00 

33,393,665.28 

19,508,372.81 

16, 692, 123. 62 

3.248,743.00 

7, 470, 000. 00 

1,435.834.90 

19,843,391.05 

5,432,258.07 

6,030,000.00 

14,657,986.72 

8,956,626.88 

Dollars 

640,000.00 

28,901.72 

6,819,229.67 

811.878.86 

2,226,216.09 

871,466.04 

1,087,025.40 

25,663.92 

841, 769. 01 

467,702.46 

701.290.60 

1,932,947.66 

666,138.63 

Dollars 
960, 000. 00 

Colorado  .                                   _. 

970, 866. 28 

Idaho... 

26. 674, 336. 61 

18, 696, 493. 96 

Nebraska                                                       - 

14,465.907.63 

Nevada      

2, 377, 286. 96 

New  Mexico                              . 

6, 382, 974. 60 

North  Dakota 

1, 410, 170. 98 

Oregon 

South  Dakota                                                    - 

19,001,622.04 
4, 964,  555. 61 

Texas.. 

Washington 

Wyoming 

5,328,709.40 
12,725,038.07 
8,291,488.25 

Total                                            

139,268,669.33 

17,119,220.05 

122, 149, 449. 28 

These  figures  are  explained  by  the  Bureau  of  Reclamation  as 
follows : 

The  amounts  shown  in  column  2  include  the  limit  of  expenditures  under  the 
contracts  with  irrigation  districts,  although  construction  work  has  not  been 
completed,  e.  g.,  contracts  have  been  entered  into  between  the  United  States 
and  irrigation  districts  embracing  the  Owyhee  project  in  Oregon-Idaho  for  the 
expenditure  and  repayment  of  $18,000,000.  Construction  work  is  now  in 
progress,  but  water  will  not  be  available  for  the  lands  for  several  years,  and 
repayment  of  the  construction  charges  will  not  commence  until  one  year  after 
public  notice  is  issued  that  water  is  available.  It  is  believed  that  the  amounts 
shown  in  column  2  are  analogous  to  *  *  *  the  amount  of  bonds  that  would 
have  been  necessary  had  the  irrigation  districts  financed  the  construction  and 
financial  readjustments  granted,  exclusive  of  the  element  of  interest.  Column 
3  would  be  analogous  to  bonds  retired,  and  column  4  would  be  analogous  to 
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bonds  sold  and  outstanding  and  bonds  voted  but  not  issued.  There  are  no 
amounts  that  can  be  given  by  the  bureau  which  would  be  analogous  to  bonds 
sold.    Such  a  figure  would  be  only  problematical. 

The  above  tabulation  covers  only  irrigation,  drainage,  and  reservoir  districts. 
The  various  canal  companies,  ditch  companies,  irrigation  companies,  etc.,  such 
as  have  been  organized  in  the  States  of  Idaho  and  Nebraska  and  have  purchased 
water  under  the  Warren  Act,  have  not  been  included.  Neither  have  water  users' 
associations  been  included. 

The  foregoing  figures,  together  with  those  in  Table  5  in  the  three 
columns  under  "  Bonds,"  cover  the  major  obligations  incurred  by- 
irrigation  districts  in  the  several  States. 

WARRANTS  AND  NOTES 

The  warrant  is  the  usual  instrument  through  which  money  is 
obtained  in  small  amounts  prior  to  the  collection  of  assessments, 
although  some  statutes  authorize  the  issuance  of  negotiable  notes  or 
certificates  of  indebtedness  for  temporary  needs.  Warrants  draw 
interest  at  rates  fixed  by  the  board  of  directors,  within  statutory 
limits.  They  may  be  made  payable  at  a  certain  future  date  or  on 
demand.  Warrants  payable  on  demand  are  registered  by  the  district 
in  order  of  presentation  if  funds  are  not  then  available  to  pay 
them. 

A  large  accumulation  of  registered  warrants  is  usually  indicative 
of  heavy  delinquencies  in  payment  of  assessments.  This  is  not  always 
the  case,  however.  For  example,  a  large  California  district  at  the 
end  of  1928  had  outstanding  nearly  $500,000  in  warrants  which  had 
been  issued  for  construction  work  for  which  bonds  had  been  voted 
but  were  being  held  up  because  of  litigation;  the  bonds  have  since 
been  delivered.  Some  districts  with  large  accumulations  of  warrants 
have  refunded  them  with  district  bonds. 

Several  Texas  districts  have  issued  notes  maturing  serially  in 
from  1  to  10  years,  in  preference  to  long-term  bonds,  for  replacement 
of  pumping  machinery.  Others  have  issued  notes  to  pay  the  costs 
of  organizing  and  making  preliminary  surveys. 

STATE  SUPERVISION 

The  policy  of  requiring  State  officials  to  inquire  into  the  desir- 
ability, from  a  public  standpoint,  of  forming  an  irrigation  district 
first  received  legislative  sanction  in  Idaho.  The  failures  in  the  early 
nineties  had  caused  the  California  Legislature,  in  1897,  to  make  more 
stringent  the  conditions  precedent  to  formation  and  bonding  of 
districts  without,  however,  imposing  outside  control.  But  Idaho 
in  the  same  year  required  the  State  engineer  to  examine  and  make 
an  advisory  report  upon  plans  of  each  district  prior  to  a  bond 
election,  and  in  1907,  after  having  tried  several  different  checks  on 
the  formation  of  districts,  settled  upon  the  plan  now  in  effect.  With 
the  sole  exception  of  Kansas,  the  States  having  district  laws  have 
since  provided  for  State  supervision  in  one  form  or  another. 

CHARACTER  OF  SUPERVISION 

Control  by  the  State  applies  in  certain  cases  to  the  formation  of 
the  district  and  in  others  to  plans  and  estimates  formulated  later. 
One  theory  is  that  no  irrigation  district  should  be  organized  unless 
there  is  ample  indication  of  its  feasibility  and  the  sufficiency  of  its 


48         TECHNICAL  BULLETIN   2  54,  U.  S.  DEPT.  OF  AGEICULTUEE 

proposed  water  supply.  The  other  thought  is  that  the  formation 
of  districts  should  be  encouraged  to  the  end  that  machinery  may 
thus  be  provided  for  the  actual  investigations  of  feasibility  and 
water  supply,  but  that  actual  construction  of  works  or  issuance  of 
bonds  shall  be  subject  to  State  approval.  With  reference  to  bond 
issues,  one  plan  is  to  have  the  State  investigate  and  report  prior  to 
all  proposed  issues;  another  is  to  establish  certain  standards  to 
which  bonds  must  conform  if  they  are  to  receive  State  approval  as 
investment  for  certain  types  of  funds.  The  usual  supervision  is 
advisory  rather  than  mandatory. 

ORGANIZATION 

In  California  and  Idaho,  investigations  and  reports  are  required 
prior  to  the  formation  of  irrigation  districts.  These  reports,  if 
adverse,  are  sufficient  to  prevent  formation  unless  three-fourths  of  the 
landowners  petition  otherwise.  The  organization  petition  in  Wyo- 
ming must  contain  an  engineering,  water-supply,  and  land  report 
bearing  the  approval  of  the  State  engineer.  In  Texas,  petitions  for 
organization  of  water-improvement  districts,  as  well  as  for  water 
control  and  improvement  districts,  are  heard  and  passed  upon  by  the 
State  board  of  water  engineers  if  the  lands  are  located  in  two  or 
more  counties,  and  by  the  county  commissioners'  court  if  wholly 
within  one  county.  The  district  court  may  set  aside  the  order  of 
the  State  board  in  case  of  water  control  and  improvement  districts, 
and  that  of  the  commissioners'  court  in  case  of  either  kind  of  district. 
Districts  in  New  Mexico  and  Oregon  may  be  formed  without  the  con- 
sent of  any  State  official,  but  with  the  exception  of  districts  in  New 
Mexico  formed  to  cooperate  with  the  United  States,  they  must  go 
to  the  State  engineer  before  proceeding  further.  In  Washington 
the  director  of  conservation  and  development  is  required  to  investi- 
gate the  water  supply  of  a  proposed  district  and  report  his  findings 
to  the  board  of  county  commissioners,  who  "  shall  establish  and 
define  the  boundaries  of  the  district  along  such  lines  as  in  the  judg- 
ment of  the  board  will  best  reclaim  the  lands  involved."  Montana 
now  imposes  no  restrictions  on  the  formation  of  districts,  the  law 
governing  the  alternative  class  of  districts  formed  under  the  Mon- 
tana Irrigation  Commission  having  been  repealed.  However,  Mon- 
tana requires  a  report  from  the  State  engineer  on  engineering  fea- 
tures and  water  supply,  except  in  case  of  districts  proposing  to 
cooperate  with  the  United  States.  In  Utah  the  State  engineer  is 
required  to  make  a  water  survey  and  allotment  of  water  to  each 
40-acre  tract  in  the  proposed  district,  or  smaller  tract  if  in  separate 
ownership,  before  the  district  may  be  declared  organized.  In  Colo- 
rado, Nebraska,  North  Dakota,  Oklahoma,  and  South  Dakota  investi- 
gations and  recommendations  are  provided  for  by  State  officials  prior 
to  district  formation,  but  these  are  not  binding  upon  the  district 
electors,  the  purpose  being  simply  to  make  known  the  conclusions 
reached. 

In  actual  practice  the  State  engineer  or  other  corresponding  offi- 
cial receives  a  copy  of  the  petition  from  the  county  body  or  from 
the  petitioners,  checks  the  preliminary  plans,  and  as  a  rule  either 
visits  the  proposed  district  in  person  or  sends  a  deputy  to  make  such 
actual  field  studies  as  time  and  available  funds  may  permit.     Com- 


lEEIGATION    DISTEICTS  49 

paratively  few  proposed  districts  have  been  completely  disapproved 
by  the  State.  However,  it  is  not  unusual  for  the  State  engineer  to 
call  attention  to  the  lack  of  certain  information,  or  to  require  addi- 
tional data,  or  the  elimination  of  certain  tracts  of  land  before 
granting  approval. 

PLANS  AND  ESTIMATES  FOR  BOND  ISSUES 

A  number  of  State  laws  provide  that  the  plans  and  estimates  of 
the  district  directors  formulated  before  issuing  bonds  shall  be  re- 
viewed by  State  officials  but  in  most  cases  do  not  make  the  resulting 
State  recommendations  binding  upon  the  districts.  Some  statutes, 
however,  state  that  districts  issuing  bonds  to  carry  out  any  plans 
approved  by  a  State  commission  may  make  no  material  change  in 
such  plans  without  the  commission's  consent,  or  provide  otherwise 
for  State  approval.  The  disposal  of  bonds  is  subject  to  partial  con- 
trol by  State  officials  in  several  States. 

State  supervision  over  plans  and  estimates  upon  which  bond  issues 
are  to  be  based  necessarily  goes  further  than  over  the  question  of 
formation  of  the  district,  for  the  former  involve  definite  costs  of 
construction  which  are  sometimes  dealt  with  only  in  a  general  way 
when  organization  is  being  considered.  The  State  is  also  deeply 
concerned  with  the  security  for  the  bonds.  It  sometimes  occurs  that 
the  bond  issue  proposed,  and  which  the  State  is  to  inquire  into,  is 
inadequate  to  complete  the  construction  called  for.  In  such  a  case 
it  is  the  function  of  the  State  to  revise  the  estimates  and  recommend 
a  greater  bond  issue.  Likewise  the  maturities  proposed  may  not  be 
best  suited  to  the  particular  type  of  district.  For  example,  a  com- 
paratively undeveloped  district  may  propose  to  issue  short-term 
bonds  which  it  would  have  little  chance  of  retiring  when  due;  or 
a  well-settled  district,  fully  able  to  discharge  capital  indebtedness 
at  an  early  date,  might  plan  to  throw  a  heavier  burden  upon  posterity 
than  is  justified.  Proper  maturities  are  recommended  by  the  State 
supervision  in  such  cases. 

Security  for  the  bonds  involves  many  factors,  important  among 
Avhich  are  the  value  of  the  land  both  with  and  without  a  water  sup- 
ply, adaptability  of  certain  crops,  potential  earning  power,  relation 
to  markets,  character  and  sufficiency  of  the  water  supply,  engineer- 
ing and  economic  feasibility  of  the  plans,  limitation  of  indebtedness, 
degree  of  settlement  of  the  land,  and  character  of  the  settlers.  All 
these  influences  must  be  considered  in  determining  the  proper  amount 
of  bonded  indebtedness  to  be  created  against  a  district  to  insure 
prompt  payment  of  the  interest  and  principal.  While  the  district 
electors  and  district  officer^  in  any  given  case  may  be  perfectly 
capable  of  deciding  the  amount  of  indebtedness  they  wish  to  incur 
and  may  use  good  judgment  in  reaching  their  decision,  nevertheless 
it  is  the  modifying  influence  of  a  public  viewpoint,  shaped  by  a 
knowledge  of  State-wide  conditions  and  past  experience  and  un- 
hampered by  purely  local  considerations,  that  the  various  statutes 
on  this  subject  have  attempted  to  provide.  Such  examination  is 
usually  made  by  the  State  engineer,  though  in  several  States  by 
commissions  composed  of  the  heads  of  the  engineering,  banking,  and 
legal  branches  of  the  State  governments. 
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CEBTIFICATION    OF   BONDS 

A  step  farther  in  the  matter  of  State  control  over  bonds  of  irriga- 
tion districts  is  the  certification  of  such  bonds  as  legal  investment 
for  funds  which  the  law  authorizes  for  investment  in  county,  school, 
and  strictly  municipal  bonds,  and  the  consequent  elevating  of  cer- 
tified bonds  to  a  higher  plane  than  those  not  certified.  Submission 
of  bonds  to  the  State  for  such  purpose  is  voluntary,  but  in  most 
States  districts  that  have  had  any  bonds  certified  are  forbidden  to 
issue  further  bonds  without  certification. 

The  principle  of  State  certification  was  first  worked  out  in  Cali- 
fornia in  1911,  and  has  since  been  introduced  into  Arizona,  Colo- 
rado, Idaho,  Montana,  Nevada,  New  Mexico,  Oregon,  Utah,  and 
Washington.  The  certification  law,  however,  was  repealed  in  Utah 
in  1923,  and  in  Idaho  and  Montana  in  1929.  The  principle  grew 
from  a  desire  to  provide  a  wider  market  for  sound  irrigation-district 
bonds  and  to  put  them  on  the  same  basis  for  investment  purposes 
as  bonds  of  other  public  corporations;  that  is,  to  give  notice  that 
the  State  had  investigated  the  bonds  of  a  particular  district  and  ap- 
proved them  as  investment  for  trust  and  savings  funds.  Indirectly, 
it  was  thought  that  the  setting  of  a  high  standard  for  such  bonds 
would  tend  to  raise  the  standard  of  irrigation-district  bonds  in 
general. 

The  California  plan,  upon  which  those  of  the  other  States  are 
based,  is  as  follows:  The  directors  of  a  district  who  wish  to  have 
bonds  certified  make  application  in  prescribed  form  to  the  California 
Bond  Certification  Commission,  composed  of  the  attorney  general, 
State  engineer,  and  superintendent  of  banks.  The  commission  makes 
an  investigation  dealing  with  water  supply  and  water  rights;  fer- 
tility of  the  soil  and  its  susceptibility  to  irrigation,  probable  duty  of 
water,  and  probable  need  for  drainage;  feasibility  of  the  irrigation 
system;  reasonable  market  value  of  water,  water  rights,  and  all 
irrigation  works  owned  or  to  be  acquired  or  constructed  with  the 
proceeds  of  the  bond  issue ;  and  reasonable  market  value  of  the  lands 
in  the  district.  The  commission  also  ascertains  whether  or  not  the 
aggregate  amount  of  bonds  of  the  district,  including  those  under  con- 
sideration, exceeds  60  per  cent  of  the  aggregate  market  value  of  lands 
and  water,  water  rights,  and  irrigation  works  owned  or  to  be  acquired. 
No  bonds  may  be  certified  if  the  aggregate  amount  exceeds  the  60  per 
cent  limitation.  If  the  commission's  report  is  favorable,  the  bonds 
issued  are  enumerated  in  a  supplementary  report  by  the  commission 
as  entitled  to  certification  by  the  State  controller!!  Bonds  so  pre- 
sented to  the  State  controller  and  certified  by  him  are  legal  invest- 
ments for  all  trust  funds  and  for  funds  of  all  insurance  companies, 
banks,  trust  companies,  and  State  school  funds,  and  they  enjoy  "the 
same  privileges  as  bonds  of  cities,  cities  and  counties,  counties,  school 
districts,  and  municipalities  with  reference  to  purposes  of  investment 
and  deposit  as  security  for  the  performance  of  any  act.  As  many 
consecutive  issues  of  bonds  may  be  certified  as  the  commission  may 
deem  proper.  After  any  bonds  of  an  irrigation  district  have  been 
enumerated  as  entitled  to  certification,  no  uncertified  bonds  of  that 
district  may  be  lawfully  issued.  No  expenditures  may  be  made  from 
the  proceeds  of  certified  bonds  until  the  commission  shall  have 
approved  a  schedule  of  proposed  expenditures. 
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Points  of  difference  in  the  certitication  laws  of  the  several  States 
are  the  ratio  which  certified  bonds  may  bear  to  aggregate  market 
value  of  lands  and  works,  extent  of  control  over  expenditures  of 
proceeds  of  certified  bonds,  and  whether  bonds  may  be  issued  sub- 
sequently without  being  certified. 

To  December  31,  1928,  the  following  total  amounts  of  irrigation- 
district  bonds  had  been  approved  for  certification  by  commissions  in 
the  several  States : 


Arizona $14,  645,  000 

California 111,  325,  057 

Idaho 11, 043,  869 

Montana 1,  930,  000 

Nevada' 2,205,500 

New  Mexico 827,600 


Oregon $11,  935,  000 

Utah 1, 100,  000 

Washington 1,  304, 130 


Total 156,  316, 156 


OPERATION  OF  STATE  CONTROL 


OEGANIZATION   AND  BOND  ISSUES 


State  control  over  district  activities  has  advanced  slowly  in  the 
face  of  opposition  by  many  established  districts,  by  persons  who 
have  feared  the  influence  of  political  considerations  upon  decisions 
of  State  officials,  and  by  others  whose  viewpoint  has  been  purely 
speculative.  Efforts  made  in  Colorado,  and  recommended  by  each 
succeeding  State  engineer,  to  provide  some  check  upon  the  rapidly 
increasing  speculation  in  district  bonds  during  the  first  decade  of  this 
century  came  to  naught  largely,  it  is  stated,  because  of  the  influence  of 
persons  interested  in  unhampered  promotion  of  irrigation  districts. 
But  the  prevailing  tendency  has  been  to  strengthen  State  control 
rather  than  to  limit  it,  because  of  the  salutary  influence  it  has  un- 
questionably exercised  in  restraining  the  promotion  of  wildcat  enter- 
prises. An  effective  State  supervision  renders  the  financing  of  a 
project  without  engineering  or  economic  justification  more  difficult 
than  would  be  the  case  otherwise  and  to  that  extent  lessens  the  chances 
of  district  failure.  The  various  State  officials,  in  administering  dis- 
trict affairs,  have  very  generally  shown  their  feeling  of  responsibility 
in  guarding  the  State  from  the  consequences  of  possible  failures. 
While  State  supervision  has  not  been  uniformly  successful,  it  has 
unquestionably  been  beneficial. 

Persons  who  have  agreed  upon  the  general  principle  of  State 
control  have  disagreed  upon  its  extent.  As  a  result  the  permissible 
degree  of  supervision  varies  considerably  in  the  several  States,  as 
has  been  shown.  In  no  case  does  it  extend  to  centering  in  one  official 
or  commission  control  over  all  activities  of  all  districts.  On  the 
contrary,  supervision  is  frequently  limited  to  the  making  of  recom- 
mendations, in  which  event  its  chief  practical  value  has  consisted  in 
bringing  to  light  the  strong  and  weak  points  of  proposed  plans  of 
reclamation. 

While  the  statutes  are  the  foundation  for  State  supervision,  the 
administrative  policy  of  each  State  is  important,  for  States  having 
the  same  general  statutory  provisions  often  exercise  different  degrees 
of  supervision.  Some  flexibility  exists,  for  instance,  in  determining 
the  economic  feasibility  of  a  project — a  matter  of  the  utmost  impor- 
tance, particularly  when  bond  issues  are  under  consideration. 


*  In  addition  to  the  total  shown  for  Nevada,  bonds  of  local  improvement  districts  within 
irrigation  districts  aggregating  $358,600  had  been  certified. 
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The  larger  developments  of  the  last  15  years  have  emphasized  the 
need  for  providing  State  officers  with  accurate,  up-to-date  informa- 
tion concerning  irrigation  districts.  Statutory  provisions  for  finan- 
cial statements  and  reports  have  accordingly  been  given  increasing 
attention.  The  State  engineers  particularly  have  found  it  necessary 
to  keep  in  touch  with  all  matters  pertaining  to  organization,  bonding, 
progress  of  construction,  and  general  operation,  whether  by  reports 
or  by  personal  contacts,  for  ultimately  they  are  called  upon  to 
shoulder  most  of  the  State's  responsibility.  Installation  of  uniform 
systems  of  accounting  has  been  advocated  in  various  States  and  has 
made  substantial  progress  in  several  States  in  spite  of  the  practical 
difficulties  involved. 

CERTIFICATION  OF  BONDS 

The  principle  of  certification  has  been  an  important  element  in 
the  financing  of  irrigation  districts  in  several  States,  notably  Cali- 
fornia. In  others,  including  Washington,  Montana,  and  Colorado, 
it  has  had  little  or  no  effect.  As  stated,  the  certification  laws  of 
Utah,  Idaho,  and  Montana  have  been  repealed. 

Many  controversies  have  centered  about  the  provisions  for  certifi- 
cation and  their  administration.  Commissions  have  been  charged  on 
the  one  hand  with  being  too  lax  and  on  the  other  too  stringent,  de- 
pending upon  the  effects  of  their  decisions  in  given  cases.  On  the 
whole,  the  principle  of  certification  is  in  less  general  favor  than  it 
was  10  years  ago,  owing  to  the  fact  that  of  bonds  which  have  de- 
faulted since  then  a  considerable  proportion  has  been  certified  bonds. 

The  certification  statutes  recognize  the  distinction  between  income- 
producing  and  speculative  bonds  and  provide  criteria  for  eliminat- 
ing essentially  speculative  bonds  from  certification.  These  criteria 
include  feasibility  of  the  irrigation  system  but  do  not  specifically 
include  economic  feasibility  of  the  whole  enterprise.  In  fact,  ac- 
cording to  an  attorney  who  participated  in  framing  the  original 
California  bond-certification  act,  the  proponents  of  the  act  were  not 
willing  at  that  time  to  delegate  to  the  commission  any  specific  discre- 
tionary authority  to  approve  or  disapprove  bond  issues  as  the  result 
of  determinations  of  economic  feasibility.  Such  determinations  have 
come  to  be  recognized  as  very  important  and  have  been  given  consid- 
erable attention  by  the  California  commission  under  the  general 
authority  contained  in  the  act. 

The  State  assumes  no  obligation  to  pay  certified  bonds  in  case  of 
default.  Its  responsibility  extends  to  investigating  and  reporting 
favorably  upon  bonds  which  fulfill  the  requirements  of  law,  and 
thereafter  to  supervising  in  greater  or  less  degree  the  expenditure 
of  funds  derived  from  sales  of  certified  bonds.  Certification  of 
bonds,  then,  is  clearly  not  a  State  guaranty.  It  is  essentially  a 
passing  of  judgment  upon  the  suitability  of  the  bonds  for  invest- 
ment of  trust  funds  provided  plans  are  properly  carried  out. 

The  three  criticisms  of  certification  probably  most  frequently 
voiced,  with  comments  thereon,  are  as  follows : 

(1)  That  the  State  in  placing  its  certificate  upon  the  bonds  with- 
out assuming  financial  responsibility  for  their  payment  is  not  ful- 
filling its  moral  obligation.  This  objection  involves  the  extent  to 
which  the  State  should  subsidize  irrigation  development,  which  is 
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everywhere  a  controversial  matter.  Granted  that  the  State  is  not 
to  undertake  subsidies,  the  obligation  assumed  in  case  of  irrigation- 
district  bonds  is  not  fundamentally  different  from  that  concerned  in 
certifying  bonds  of  other  types,  nor  in  administering  the  blue-sky 
laws  or  the  laws  regulating  issuance  of  public-utility  securities.  In 
none  of  these  cases  does  the  State  assume  financial  responsibility. 
Differences  in  the  motives  in  passing  the  irrigation-district-certifica- 
tion law  and  the  blue-sky  and  public-utility  laws,  and  in  the  admin- 
istrative procedure  in  approving  securities,  may  be  considerable  but 
do  not  affect  the  essential  character  of  the  State's  obligation. 

(2)  That  purchasers  of  certified  bonds  are  misled  by  the  certificate 
into  thinking  that  the  State  has  assumed  financial  responsibility.  A 
clear  reading  of  either  the  certification  act  or  the  certificate  on  a 
certified  bond  leaves  no  ground  for  concluding  that  the  State  prom- 
ises to  pay  the  interest  or  principal  in  case  the  district  defaults.  To 
avoid  such  presumption  or  the  possibility  of  misrepresentation,  a 
positive  statement  in  the  certificate  that  the  State  disclaims  financial 
responsibility  could  be  provided  by  amending  the  law.  The  Oregon 
law,  in  fact,  was  amended  in  1927  to  require  the  certificate  to  contain 
the  words :  "  This  bond  is  not  an  obligation  of  the  State  of  Oregon." 

(3)  That  the  State  has  not  provided  adequately  for  the  investi- 
gations and  checks  upon  expenditures  needed  to  justify  placing  its 
seal  of  approval  upon  the  bonds.  This  objection,  where  valid,  in- 
volves defects  in  administrative  procedure  which  presumably  can  be 
remedied.  That  the  criticism  is  evidently  valid  in  some  States  may 
be  concluded  from  the  experiences  of  certain  officials  in  attempting 
to  exercise  effective  control  over  the  execution  of  plans  which  they 
have  approved.  Considerable  opposition  to  the  further  extension  of 
State  control  exists  in  many  quarters  and  is  shared  by  representa- 
tives of  certain  established  districts  unwilling  to  submit  to  addi- 
tional restraints  upon  their  own  activities.  Much  serious  objection 
to  certification  should  be  removed,  however,  by  overcoming  this 
opposition  to  further  State  control  and  giving  the  certification  com- 
missions the  authority  and  the  money  they  need  for  making  com- 
plete investigations  of  all  factors,  including  economic  feasibility, 
and  for  really  effective  control  over  expenditures. 

The  certification  laws  are  not  uniform  throughout  the  several 
States  and  it  is  true  that  in  some  States  certified  bonds  have  gone 
to  default.  Failure  in  some  of  these  cases  has  been  due  to  elements 
of  unsoundness  which  existed  at  the  time  of  certification  but  which 
were  not  sufficiently  considered  or  understood,  and  in  other  cases 
to  unfavorable  developments  later.  Opposition  to  the  principle  of 
certification,  based  upon  one  ground  or  another,  has  forced  the  ex- 
treme measure  of  repeal  in  three  States.  In  other  States  where 
the  principle  has  strong  support,  opposition  has  led  to  discussions 
of  means  of  strengthening  the  law  and  making  less  likely  the  cer- 
tification of  potentially  unsound  bonds.  The  certification  plan  has 
proved  valuable  in  those  cases  in  which  the  commission  has  been 
given  ample  funds  to  make  determinations  of  feasibility  and  has 
full  authority  to  require  expenditures  to  conform  to  approved  plans, 
and  the  plan  appears  susceptible  of  greater  usefulness  under  en- 
larged legislative  provisions.  Favorable  results  can  hardly  be  ex- 
pected unless  the  officials  charged  with  administration  of  the  certifi- 
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cation  plan  are  given  a  measure  of  control  over  expenditures  that  is 
consistent  with  the  reasons  which  induced  them  to  certify. 

INVESTMENT  OF  STATE  FUNDS  IN  IRRIGATION-DISTRICT 

SECURITIES 

The  question  of  public  aid  to  irrigation  districts  for  the  purpose 
of  stimulating  or  making  possible  needed  development  has  been 
under  discussion  many  times.  Efforts  made  from  time  to  time  to 
induce  Congress  to  provide  for  Federal  guaranty  of  district  bonds 
have  not  yet  been  successful.  A  number  of  the  States,  however, 
have  granted  statutory  authority  for  the  investment  of  State  funds 
in  irrigation-district  bonds,  and  several  have  actually  made  such 
investment,  as  shown  below.  Two  different  viewpoints  have  gov- 
erned the  purchase  of  district  bonds  with  State  funds — investment 
and  development — and  the  selection  of  bonds  has  varied  accordingly. 
Where  the  prime  motive  has  been  investment,  the  State  has  chosen 
bonds  from  the  standpoints  of  security  and  net  return  and  has  made 
purchases  mainly  in  small  blocks.  Where  the  benefit  to  accrue  to 
the  State  from  the  development  of  resources  has  been  sought,  aside 
from  the  benefit  of  a  good  investment,  the  conclusion  reached  was 
that  the  public  funds  should  be  placed  where  they  would  do  the 
most  good,  even  to  the  point  of  purchasing  bonds,  much  of  the  se- 
curity for  which  remained  to  be  created.  These  motives,  however, 
have  not  always  been  clearly  defined.  In  certain  cases,  for  example, 
several  in  Washington,  the  motive  has  been  frankly  development; 
in  others  it  has  been  solely  or  primarily  investment,  owing  to  the 
absence  of  any  immediate  need  of  State  assistance ;  whereas  in  still 
others  it  is  not  possible  to  say  to  what  extent  the  desires  or  represen- 
tations of  districts  themselves  have  influenced  the  selection  of  bonds 
for  State  investment.  States  in  which  purchases  of  district  secur- 
ities from  State  funds  are  reported  are  as  follows: 

UTAH 

Utah  in  1911  authorized  funds  derived  from  the  sale  or  rental  of 
State  lands  to  be  used  in  purchasing  irrigation-district  bonds.  Ap- 
parently this  was  not  a  well-defined  policy  of  public  aid  to  districts, 
for  it  was  accomplished  merely  by  enlarging  the  scope  of  invest- 
ment of  State  land  funds  and  introduced  no  new  features.  During 
the  next  two  years  a  total  of  $90,200  was  invested  in  bonds  of  three 
districts,  covering  in  all  23,320  acres,  the  purchases  ranging  from 
25  to  50  per  cent  of  the  total  amount  of  bonds  sold  by  the  districts. 
As  two  of  the  investments  proved  unsatisfactory,  the  amendment 
was  repealed  in  1915.  The  State  has  since  disposed  of  its  interest 
in  one  of  the  districts  at  a  nominal  figure. 

CALIFORNIA 

In  1915  and  1916,  when  the  market  in  California  was  less  favor- 
able than  it  became  later,  the  State  purchased  $75,000  of  certified 
bonds  of  two  districts  from  the  teachers'  permanent  fund  and  school- 
land  fund.  Additional  purchases  from  time  to  time  through  the 
year  1929,  from  the  school-land  fund,  compensation-insurance  fund, 
and  estates-of-deceased-persons  fund,  have  brought  the  total  to 
$339,000  of  certified  bonds  of  eight  irrigation  districts.     The  State's 
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purchases  have  been  only  a  small  fraction  of  the  total  amount  of 
bonds  sold  by  each  district,  in  no  case  exceeding  2.5  per  cent  and 
being  less  than  1  per  cent  in  case  of  five  of  the  eight  districts. 
Several  of  these  blocks  of  bonds  were  bought  at  a  premium.  All 
bonds  purchased  are  in  good  standing,  although  one  of  the  districts 
is  under  a  burden  which  has  caused  it  to  seek  Federal  relief.^ 

NEBRASKA 

For  some  years  Nebraska  has  made  purchases  of  irrigation-district 
bonds  from  the  permanent  school  fund.  To  date  $556,800  of  bonds 
of  11  irrigation  districts  have  been  purchased,  of  which  the  State 
now  holds  $433,100.  In  case  of  five  districts  the  State  purchased 
all  bonds  sold,  in  one  case  92  per  cent  of  the  total,  and  in  the  five 
other  cases  1  to  38  per  cent.  The  total  areas  of  the  six  districts  of 
which  the  State  bought  all  or  nearly  all  bonds  amount  to  34,598 
acres;  of  the  other  five  districts,  100,180  acres.  A  portion  of  one 
issue  was  refunded  at  95  cents  on  the  dollar,  and  interest  in  another 
case  is  overdue,  with  outlook  for  a  compromise.  All  other  bonds  are 
in  good  standing. 

WASHINGTON 

The  Washington  Legislature  in  1919  provided  that  the  State 
reclamation  revolving  fund,  raised  bv  an  annual  levy  of  one-half 
mill  upon  all  taxable  property  in  the  State,  might  be  used  for  invest- 
ment in  bonds  of  reclamation  districts,  including  irrigation,  diking, 
and  drainage  districts.  The  law  was  "  based  on  the  proposition  that 
the  State  should  encourage,  direct,  and  aid  in  the  reclamation  of  its 
waste  land  "  {17).  The  fund  was  created  a  revolving  fund  in  that 
bonds  bought  by  the  State  were  intended  to  be  resold  when  market- 
able and  the  proceeds  applied  to  the  development  of  other  districts. 
Administration  of  the  fund  is  controlled  by  the  department  of 
conservation  and  development. 

The  original  plan  was  to  buy  the  bonds  at  90  cents  on  the  dollar, 
on  the  assumption  that  a  district  able  to  sell  bonds  elsewhere  for 
more  than  90  had  no  need  of  State  assistance.  For  the  first  few 
years  the  State  bought  only  portions  of  district  bond  issues.  The 
purpose  was  to  give  limited  aid  where  possible  by  buying  partial 
issues  at  90  and  reselling  them  when  the  development  thus  made 
possible  should  have  enhanced  the  security  and  made  the  bonds  more 
attractive  to  private  investors.  This  procedure  proved  unsatisfac- 
tory, for  it  left  some  projects  only  partly  financed  and  unable  to 
sell  more  bonds.  Later  plans  have  contemplated  giving  individual 
districts  all  the  help  they  need. 

To  the  end  of  1928  the  State  had  purchased  a  total  of  $1,674,805 
of  bonds  of  15  irrigation  districts  including  a  total  area  of  90,129 
acres.  The  State  bought  the  entire  issues  of  five  districts  and  93  per 
cent  or  more  of  bonds  sold  by  two  districts.  Of  these  seven  districts, 
the  six  which  may  be  regarded  as  fully  financed  to  date  include  an 
aggregate  area  of  7,504  acres,  of  which  4,757  acres  were  irrigated  in 
1928  and  have  outstanding  bonded  debts  per  acre  ranging  from  $59 
to  $127  with  a  weighted  average  of  $84.  In  the  other  eight  cases 
the  portions  of  total  issues  sold  which  were  purchased  by  the  State 

»  Since  this  was  written  this  district  has  defaulted  in  payment  of  bond  interest. 
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ranged  from  4  to  74  per  cent.  Of  bonds  purchased^  the  State  subse- 
quently sold  $512,500  of  bonds  of  eight  irrigation  districts  to  private 
purchasers. 

Of  the  total  amount  of  irrigation  district  bonds  purchased  by  the 
State,  $936,805  of  bonds  of  nine  districts  are  in  good  standing  and 
$738,000  of  bonds  of  six  districts  are  in  default  or  have  been  com- 
promised. One  of  the  districts  with  bonds  in  good  standing,  however, 
gave  the  State  $253,805  of  bonds  in  satisfaction  of  claims  for  advances 
aggregating  approximately  $825,000,  so  that  the  State's  actual 
investment  was  refunded  at  considerable  loss. 

The  plan  has  proved  disappointing,  not  only  in  the  financial  losses 
involved,  but  in  the  failure  of  its  main  purpose  of  placing  new  irriga- 
tion district  development  on  a  sound  basis.^^  This  is  brought  out  by 
the  fact  that  of  the  nine  districts  with  bonds  in  good  standing,  only 
three  Avere  formed  for  entirely  new  development ;  furthermore,  one  of 
these  three  was  the  case  of  essential  refinancing  referred  to  above  in 
which  the  State's  actual  investment  was  refunded  at  a  loss,  and 
another  was  a  case  in  which  the  State  bought  only  6  per  cent  of  the 
entire  amount  of  bonds  sold.  One  of  the  districts  formed  for -supple- 
mental development  was  aided  by  the  State  through  the  purchase,  as 
an  emergency  measure,  of  bonds  bearing  1  per  cent  interest  to  finance 
additional  storage  required  for  an  increasing  orchard  area. 

Of  the  6  districts  with  bonds  not  in  good  standing  at  the  time 
of  this  survey,  2  were  formed  for  entirely  new  development,  2  for 
principally  new  development,  and  2  for  principally  supplemental 
development.  The  State  has  accepted  or  is  faced  with  losses  in  all 
six  cases.  It  is  the  largest  or  the  sole  bondholder  of  three  of  these 
districts.  Where  the  State  takes  the  entire  refunding  bond  issue  of 
a  refinanced  district,  maturities  and  interest  rates  are  designed  to 
carry  the  projects  successfully  through  their  development  periods. 
The  purpose  of  the  1  per  cent  interest  rate  is  to  ease  the  settlers' 
burdens  as  much  as  possible  without  allowing  them  altogether  to 
lose  sight  of  their  obligations  to  repay  the  State. 

The  Washington  plan  is  still  in  operation,  notwithstanding  losses 
of  State  funds  and  the  resulting  criticism  and  opposition,  but  has 
been  restricted  in  its  scope  by  legislative  and  administrative  measures 
designed  to  guard  more  carefully  against  repetition  of  heavy  losses. 

OREGON 

In  Oregon  a  plan  of  State  assistance  to  irrigation  and  drainage 
districts  was  provided  by  constitutional  amendment  in  1919.  This 
involves  the  payment  by  the  State  of  interest  on  district  bonds  for 

i"  The  third  biennial  report  of  the  department  of  conservation  and  development  above 
cited  (i7)  thus  summarizes  the  results  to  September,  1926 :  "  But  what  does  the  record 
disclosie?  Not  only  losses  of  State  in-vcstments  running  into  millions  but  actually  negative 
rpsults  so  far  as  real  reclamation  is  concerned.  Not  a  single  new  project  has  been  estab- 
lished on  a  firm'  footing.  On  several  projects  that  were  new  or  substantially  so  a  debt 
has  been  created  so  great  that  the  landowners  can  not  see  their  way  out,  and  Instead  of 
increased  settlement  It  has  been  the  reverse — many  homes  deserted  and  the  land  again 
turning  to  desert.  *  *  *  True,  some  existing  projects  were  helped  through  being  able 
to  borrow  from  the  State  money  needed  for  extensions  or  renewals,  at  lower  rates  than 
they  could  have  secured  elsewhere.  But  this  assistance  to  established  projects  was  prob- 
ably not  contemplated  in  the  original  State  reclamation  act,  and  it  was  cut  off  from 
the  district  most  in  need  of  it  by  an  amendment  passed  by  the  legislature  of  1923  which 
limited  investment  of  the  State  reclamation  fund  to  those  districts  which  should  be  found 
by  the  director  to  be  *  in  sound  financial  condition.'  This  amendment  has  made  it  man- 
datory upon  the  director  to  refuse  during  the  biennium  to  purchase  the  bonds  of  some 
districts  voted  for  betterment  and  extension  work  because  of  the  fact  that  these  districts, 
on  their  oAvn  book  showing,  were  not  financially  sound." 
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periods  of  not  to  exceed  five  years.  The  purpose  was  to  give  dis- 
tricts an  opportunity  to  get  on  a  paying  basis  before  any  demands  for 
interest  should  fall  due.  The  amendment  provided  that  the  money 
advanced  by  the  State  for  payment  of  interest  should  be  repaid 
after  the  maturity  of  the  last  bond  on  which  the  State  had  paid 
interest.  Funds  are  obtained  by  the  State  for  this  purpose  by  the 
sale  of  State  bonds  upon  which  the  districts  benefited  are  required 
to  pay  interest,  in  order  that  the  State,  although  lending  its  credit, 
shall  be  fully  reimbursed  for  expenditures.  The  amount  of  indebt- 
edness that  the  State  may  incur  for  this  purpose  is  limited  to  2  per 
cent  of  the  assessed  valuation  of  all  property  in  Oregon.  Admin- 
istration is  in  the  hands  of  a  commission  composed  of  the  attorney 
general,  superintendent  of  banks,  and  State  engineer,  but  an  act 
passed  in  1927  provides  that  the  State  reclamation  commission  (gov- 
ernor. State  treasurer,  and  secretary  of  state,  with  the  State  engi- 
neer as  secretary  of  the  commission)  shall  investigate  requests  for 
such  payments  by  the  State  and  shall  recommend  that  the  State 
grant  or  refuse  the  requests.  These  recommendations  are  advisory 
only. 

To  the  end  of  1928  the  State  had  advanced  money  for  payment 
of  interest  on  $9,384,000  of  bonds  of  15  irrigation  districts,  the  total 
issues  per  district  ranging  from  $30,000  to  $1,550,000.  These  dis- 
tricts cover  a  total  area  of  150,355  acres,  of  which  70,995  acres  were 
being  irrigated  in  1928,  and  have  outstanding  bonded  debts  ranging 
from  $22  to  $118  per  acre  with  a  weighted  average  of  $62  per  acre. 
Of  such  bonds  outstanding  at  the  end  of  1928,  only  $2,235,000  issued 
by  two  districts  were  in  good  standing.  The  State's  obligations  in 
connection  with  these  advances  as  of  June  1,  1928,  are  shown  by 
the  following  figures  {11)  : 

Oregon    district    interest    bonds    issued    and    out- 
standing  $2, 158,  960.  00 

Annual  interest  on  such  bonds 101,548.32 

Total  annual  interest  to  June  1,  1928 514,  694.  27 

Portion  of  total  annual  interest  paid  by  districts 245,  988.  58 

Accrued  interest  credited  to  districts 5, 105.  44 

Interest  due  and  unpaid  by  districts 263,  650. 25 

These  figures  show  that  the  districts  had  paid  less  than  one-half 
of  the  amount  of  interest  on  State  bonds  with  which  thej  are  charge- 
able. The  State  is  liable  for  the  interest  and  principal  of  these 
"  district  interest  bonds,"  in  case  the  districts  fail  to  repay  the  State. 
That  there  will  be  material  failures  to  repay  is  evident  from  the 
situation  in  a  number  of  these  districts.  The  situation  caused  the 
1927  legislature  to  authorize  the  State  reclamation  commission  to 
compromise  the  districts'  indebtedness  to  the  State  and  accept 
refunding  bonds  on  the  same  terms  as  such  bonds  should  be  accepted 
by  other  creditors.  The  1929  legislature  authorized  the  release  of 
the  whole  or  any  part  of  such  indebtedness,  provided  other  creditors 
agree  that  annual  payments  on  indebtedness  due  them  shall  be 
reduced  to  an  amount  which  the  commission  finds  to  be  within  the 
district's  ability  to  pay.  Plans  were  under  way  to  release  this 
indebtedness  in  connection  with  refinancing  and  reorganization  of 
several  districts. 

The  fact  that  three-fourths  of  the  bonds  on  which  the  State  con- 
tracted to  advance  interest  are  in  default  shows  clearly  the  extent 
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to  which  this  plan  has  failed  to  place  new  irrigation  development 
on  a  sound  basis.  Of  the  13  districts  in  default,  7  were  formed  for 
entirely  new  development,  2  for  principally  new  development,  and 
4  for  principally  supplemental  development.  While  development  in 
these  last  six  projects  was  more  or  less  advanced  prior  to  district 
organization,  the  obligations  incurred  in  connection  with  the  new 
work  financed  by  the  districts  have  proved  to  be  out  of  proportion 
to  ability  of  the  lands  to  pay.  Therefore,  when  the  respective  5 -year 
periods  during  which  the  State  advanced  interest  on  district  bonds 
had  passed,  these  districts  as  well  as  those  formed  entirely  for  new 
development  found  themselves  unable  to  meet  their  annual  charges. 
This  situation  was  aggravated  by  two  general  conditions,  namely, 
the  undertaking  of  construction  during  and  immediately  following 
the  war  at  prevailing  peak  prices  and  the  ensuing  unfavorable  agri- 
cultural conditions. 

The  State  is  obligated  under  present  contracts  to  advance  an  addi- 
tional $13,800  for  payment  of  interest.  There  is  no  present  senti- 
ment for  undertaking  new  obligations  of  this  character.  On  the 
contrary,  repeal  of  the  constitutional  amendment  authorizing  these 
advances  is  to  be  voted  upon  at  the  next  general  election.^^ 

WYOMING 

Wyoming,  in  1923,  authorized  investment  of  permanent  funds  of 
the  State  in  bonds  of  irrigation  and  drainage  districts.  Such 
investments  require  (1)  a  favorable  report  by  the  State  engineer 
upon  the  necessity  and  feasibility  of  the  improvement  and  sufficiency 
of  the  security;  (2)  a  favorable  report  upon  legal  features  by  the 
attorney  general;  (3)  unanimous  approval  of  the  fiscal  board,  con- 
sisting of  the  governor,  secretary  of  state.  State  treasurer,  State 
auditor,  and  State  superintendent  of  public  instruction ;  and  (4)  final 
approval  by  the  governor,  State  treasurer,  and  attorney  general. 
Estimates  of  cost  and  investigations  of  water  rights,  water  supply, 
and  title  and  character  of  lands  are  provided  for.  At  least  80  per 
cent  of  the  lands  must  be  held  by  fee-simple  title  in  private  owner- 
ship. State  funds  may  not  be  invested  in  bonds  of  any  irrigation 
district  in  excess  of  40  per  cent  of  the  actual  cash  value  of  lands  and 
water  rights,  and  in  recent  cases  outstanding  private  obligations  have 
been  considered  and  outstanding  public  obligations  have  been 
deducted  from  the  statutory  40  per  cent  loan  value  before  making 
the  loan. 

The  first  purchase  of  irrigation-district  bonds  under  this  act  was 
made  in  1924,  and  total  purchases  to  the  end  of  1928  amounted  to 
$296,500  of  bonds  of  six  irrigation  districts.  These  districts  cover 
a  total  area  of  54,513  acres,  of  which  31,170  acres  were  irrigated  in 
1928,  and  have  outstanding  bonded  debts  ranging  from  $2  to  $13 
per  acre,  with  a  weighted  average  of  $5.44  per  acre.  Bonds  of 
another  irrigation  district  were  reported  upon  favorably  by  the  State 
engineer  late  in  1928  and  were  being  prepared  for  delivery  to  the 
State  in  the  summer  of  1929.  Drainage-district  financing  has  been 
considerably  more  extensive. 

"  The  provision  was  repealed  at  tlie  November,  1930,  election. 
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In  the  case  of  each  irrigation  district  the  State  is  the  sole  bond- 
holder. All  bonds  bear  5  per  cent  interest  and  all  were  bought  at 
par.  The  first  five  issues  purchased  consisted  of  amortization  bonds, 
that  is,  the  principal  of  each  bond  is  payable  in  installments.  The 
latest  issue  purchased  and  the  one  being  prepared  for  purchase  in 
1929  are  serial  issues. 

All  seven  districts  were  formed  for  principally  supplemental 
development — to  take  over  going  concerns,  refund  indebtedness,  and 
finance  improvements.  In  four  cases  the  sale  of  bonds  to  the  State 
was  sought  for  the  sole  purpose  of  liquidating  indebtedness  of  com- 
pleted systems,  the  favorable  terms  involved  in  the  refinancing  mak- 
ing it  particularly  desirable  to  the  districts.  In  another  case  about 
one-half  the  bond  issue  and  in  the  two  remaining  cases  only  small 
percentages  were  used  to  refund  indebtedness,  the  balances  being 
devoted  to  completion  or  reconstruction  of  works  or  to  provide  stor- 
age. Advances  of  funds  for  purchase  of  bonds  are  made  by  the  State 
as  needed  to  pay  approved  claims.  All  irrigation-district  bonds  pur- 
chased by  the  State  were  in  good  standing  at  the  end  of  1928. 

RELATIONS  WITH  THE  UNITED  STATES 

BUREAU  OF  RECLAMATION 

The  most  prominent  relations  between  irrigation  districts  and 
the  Federal  Government  have  been  with  the  Bureau  of  Keclamation. 
Districts  which  have  had  such  dealings  may  be  subdivided  in  two 
classes. 

(1)  Districts  formed  at  the  instance  of  the  bureau  on  reclamation 
projects,  as  substitutes  for  water  users'  associations,  "for  the  as- 
sumption as  principal  or  guarantor  of  indebtedness "  of  project 
lands  to  the  United  States. 

(2)  Districts  which  have  contracted  with  the  United  States  under 
the  provisions  of  the  Warren  Act  for  the  purchase  of  water  supplies 
or  for  the  construction  of  irrigation  or  drainage  works,  or  both. 

The  water  users'  associations  were  mutual  stock  companies  com- 
posed of  settlers  on  reclamation  projects,  through  which  the  Bureau 
of  Keclamation  could  deal  with  the  settlers  and  through  which  the 
settlers  could  eventually  operate  the  systems.  They  have  proved  suc- 
cessful in  some  cases,  the  outstanding  example  being  Salt  River 
Valley  Water  Users'  Association,  Arizona.  From  the  bureau's  ad- 
ministrative standpoint,  however,  the  only  remedies  in  case  of  non- 
payment of  charges  were  individual  suits,  and  there  was  no  means 
of  compelling  lands  within  projects  which  had  not  applied  for  water 
rights  to  contribute  their  share  toward  operation  and  maintenance. 
On  the  other  hand,  the  irrigation-district  plan  made  collection  of 
charges  a  function  of  the  district  or  county  machinery  provided  for 
collection  of  taxes,  and  so  far  as  new  projects  were  concerned,  of- 
fered one  contract  in  place  of  many.  The  bureau,  therefore,  adopted 
the  policy  of  urging  amendments  to  the  State  laws  providing  for 
contractual  relations  between  irrigation  districts  and  the  United 
States  and  of  urging  settlers  on  many  of  the  existing  projects  to 
adopt  the  irrigation  district  in  place  of  the  water  users'  association 
or  to  form  districts  where  no  associations  existed.    The  results  have 
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been  that  all  the  States  except  Kansas  that  have  irrigation-district 
laws  have  now  authorized  districts  to  cooperate  with  the  United 
States  and  that  districts  have  been  organized  on  most  of  the  Federal 
reclamation  projects  and  in  case  of  many  completed  projects  have 
assumed  control  of  the  irrigation  systems.  The  functions  of  active 
districts  on  Federal  projects  which  have  not  yet  assumed  operation  of 
the  systems  but  which  have  contracted  with  the  United  States  usually 
consist  in  guaranteeing  and  collecting  charges  due  the  United  States, 
or  in  representing  the  project  settlers  prior  to  the  execution  of 
contracts  for  the  repayment  of  existing  or  future  charges. 

While  forms  of  contract  between  these  districts  and  the  United 
States  have  varied,  the  essential  features  of  agreements  for  complete 
substitution  of  irrigation  districts  have  been  the  dissolution  of 
water  users'  associations  where  they  have  previously  existed,  the  dis- 
charge of  liens  contained  in  stock-subscription  contracts,  and  the 
assumption  by  the  irrigation  districts  of  all  indebtedness  due  the 
United  States,  the  charges  to  be  collected  by  the  districts  under  their 
general  taxing  power.  In  actual  practice  thereafter  the  bureau  de- 
termines the  annual  amounts  due  for  various  purposes,  and  the  dis- 
trict levies  assessments  to  meet  such  charges  and  turns  the  money 
over  to  the  United  States  at  the  times  provided  in  the  contract. 

Districts  of  the  above-described  type — with  the  exception  of  King 
Hill  irrigation  district,  Idaho — have  been  formed  at  the  instance  of 
the  Bureau  of  Keclamation  on  the  reclamation  projects  proper. 
Other  irrigation  districts,  however,  originally  formed  independently 
of  the  United  States,  have  found  it  to  their  advantage  to  contract 
with  the  United  States  for  the  purchase  of  water  supplies  or  for  the 
construction  of  irrigation  systems  without  strictly  becoming  a  part 
of  any  Federal  reclamation  project.  The  Warren  Act  {15) ,  passed 
in  1911,  authorized  the  sale  of  water  in  excess  of  the  requirements  of 
the  authorized  projects  to  individuals  and  various  types  of  associa- 
tions, including  irrigation  districts,  and  the  cooperation  of  the 
United  States  with  such  bodies  for  the  construction  and  use  of  irri- 
gation systems.  Districts  of  two  classes  have  contracted  under  this 
act — those  needing  total  or  partial  supplies  of  water,  other  provi- 
sion having  been  made  for  construction  of  works — and  those  which 
desired  irrigation  or  drainage  systems  to  be  constructed  by  the  Bu- 
reau of  Keclamation.  Up  to  the  present  time,  in  addition  to  the 
fact  of  securing  financial  aid,  the  greatest  advantage  to  the  districts 
of  this  plan  over  that  of  disposing  of  bonds  in  the  open  market  has 
been  that  interest  has  not  been  required  on  deferred  payments.  The 
United  States  has  also  reaped  benefits  from  these  contracts.  Wider 
markets  have  thus  been  secured  for  water  developed,  and  to  this  end 
the  bureau  has  been  willing,  to  the  extent  of  available  funds,  to 
construct  systems  for  districts  adjacent  to  projects.  Furthermore, 
in  connection  with  the  drainage  of  Boise  project,  Idaho,  the  bureau 
has  been  able  to  construct  drainage  systems  for  neighboring  irriga- 
tion districts  that  have  been  of  material  benefit  to  the  project  as  a 
whole. 

It  was  the  original  policy  of  the  Bureau  of  Reclamation  to  require 
the  deposit  of  bonds  to  secure  the  payment  of  contractual  indebted- 
ness over  a  period  of  years,  but  with  the  clarifying  of  State  statutes 
on  the  subject  the  assessment  for  payments  called  for  in  the  contract 
is  now  considered  a  sufficient  lien  upon  the  land.    The  only  districts 
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required  to  deposit  bonds  were  the  first  ones  to  enter  into  such  con- 
tractual relations  in  Yakima  Valley,  Wash. 

The  total  amounts  involved  in  contracts  between  the  United  States 
and  irrigation  districts,  grouped  by  States,  is  given  under  the  head- 
ing, Indebtedness  to  the  United  States  Not  Covered  by  Bonds  (p.  46). 

INDIAN  IRRIGATION  SERVICE 

Irrigation-district  relations  with  the  Indian  Service  have  been 
limited.  Contrary  to  the  policy  of  the  Bureau  of  Reclamation,  the 
Indian  irrigation  service  has  not  encouraged  the  formation  of  irriga- 
tion districts  on  the  Indian  projects.  The  needs  of  the  case,  of  course, 
are  different,  for  the  reclamation  projects  are  designed  for  eventual 
operation  and  repayment  by  the  settlers  themselves,  whereas  the 
Indian  projects  may  continue  under  Federal  operation  indefinitely. 

Nevertheless,  it  was  felt  by  the  white  settlers  on  Yakima  Indian 
Reservation,  Wash.,  whose  lands  comprise  a  large  portion  of  the 
Wapato  project,  that  an  organization  was  needed  through  which  to 
deal  with  the  Indian  Service.  So  an  irrigation  district  was  formed 
there  to  include  the  "  white  "  lands  and  any  additional  lands  that 
might  thereafter  come  into  white  possession.  The  district  was  formed 
in  1920  and  is  still  active,  but  its  sole  function  is  to  afford  a  medium 
through  which  the  white  settlers  and  the  project  management  may 
consult. 

There  have  been  only  a  few  cases  of  cooperation  between  irrigation 
districts  and  the  Indian  Service  in  the  construction  and  ownership  of 


irrigation  worlds. 


GENERAL   LAND  OFFICE 


Relations  with  the  General  Land  Office  deal  with  the  inclusion 
of  public  lands  in  irrigation  districts.  Prior  to  1916  the  various 
State  courts  that  had  passed  on  the  subject  held  conflicting  views 
as  to  the  liability  of  public  lands  of  the  United  States  for  district 
obligations,  both  before  and  upon  the  issuance  of  patent.  But  the 
situation  was  cleared  when  Congress  in  1916  passed  the  Smith  Act 
(i^),  which  subjects  both  unentered  and  entered,  but  unpatented, 
public  lands  to  the  district  lien  in  districts  approved  by  the  Secre- 
tary of  the  Interior  and  not  comprising  a  majority  acreage  of  un- 
entered land. 

An  irrigation  district  desiring  to  come  within  the  provisions  of 
the  Smith  Act  is  required  to  submit  an  application  to  the  local  land 
office  containing  data  on  organization,  water  rights  and  water  sup- 
ply, plans  and  specifications,  and  to  file  maps  upon  which  land 
ownership  is  classified.  Where  the  unpatented  lands  lie  within  a 
Federal  reclamation  project,  the  application  is  referred  to  the  Bu- 
reau of  Reclamation  for  a  report  as  to  feasibility,  otherwise  the 
General  Land  Office  makes  its  own  investigation  of  feasibility  of 
the  irrigation  system.  Upon  approval  by  the  Secretary  of  the  In- 
terior, the  irrigation  district  files  with  the  local  land  office  a  list 
of  assessments  against  each  legal  subdivision  of  public  land.  Al- 
though unentered  land  is  not  subject  to  tax  sale,  and  the  United 
States  does  not  become  obligated  for  assessments,  nevertheless  these 
charges  constitute  a  lien  against  the  land  which  must  be  removed 
before  entry  is  allowed.     Entered  but  unpatented  land,  however, 
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may  be  sold  for  taxes,  in  which  case  the  purchaser  assumes  the  rights- 
of  the  original  entryman. 

In  connection  with  applications  for  Carey  Act  segregations  and 
desert-land  entries  the  General  Land  Office  has  had  occasion  to  in- 
vestigate a  number  of  irrigation  districts. 

OTHER  SALIENT  FEATURES 

APPORTIONMENT  OF  WATER 

The  functions  of  an  irrigation  district  include  distributing  as  well 
as  procuring  the  water  supply.  The  first  question  that  arises  in 
connection  with  water  distribution  deals  with  the  amount  to  be 
delivered  to  each  user.  Where  a  district  takes  over  a  going  irriga- 
tion company  it  usually  takes  it  subject  to  any  existing  rights  of 
individual  tracts  to  receive  definite  quantities  or  proportionate  quan- 
tities of  water.  But  if  a  new  system  is  to  be  built,  or  additional 
land  included,  or  additional  supplies  of  water  obtained  for  lands 
already  wholly  or  partially  irrigated,  it  then  becomes  necessary  to 
determine  just  how  the  water  is  to  be  divided.  Some  States  merely 
provide  that  the  directors  shall  adopt  rules  and  regulations  for  the 
equitable  distribution  of  water. 

The  California  law  has  always  provided  that  district  lands  shall 
be  assessed  at  their  full  cash  value  and  that  water  shall  be  appor- 
tioned according  to  the  ratio  of  the  last  assessed  valuation  of  each 
tract  to  the  total  district  assessed  valuation,  the  landowner  being 
privileged  to  assign  the  right  to  the  whole  or  any  portion  of  the 
water  apportioned  to  him.  Thus,  the  more  valuable  a  tract  the 
more  water  it  is  entitled  to.  The  same  rule  holds  in  Oklahoma. 
However,  the  rule  may  not  always  be  workable,  for  if  carried  to 
conclusion  it  would  result  in  giving  a  totally  insufficient  quantity 
of  water  to  a  tract  of  porous  soil  with  normally  a  high  water  require- 
ment, although  the  tract  might  be  so  low  in  fertility  or  so  far  removed 
from  transportation  facilities  that  its  assessed  valuation  would  be 
relatively  low.  Care  has  been  taken  not  to  disturb  the  California 
law  on  this  subject,  inasmuch  as  the  United  States  Supreme  Court 
in  passing  upon  the  constitutionality  of  the  original  Wright  Act 
cited  with  approval  these  features  of  the  law  and  held  that  such  an 
apportionment  of  water,  coupled  with  the  right  of  assignment,. 
"  operates  with  as  near  an  approach  to  justice  and  equality  as  can 
be  hoped  for  in  such  matters,  and  does  not  alter  the  use  from  a  public 
to  a  private  one."  The  rule  is  being  followed  in  some  districts,  with 
adjustments  in  assessed  valuations  to  take  care  of  cases  in  which  it 
might  work  an  injustice,  but  is  not  followed  in  others. 

Certain  other  States  provide  that  water  shall  be  distributed  pro 
rata,  that  is,  an  equal  amount  to  each  acre.  Still  other  States,  of 
which  Washington  is  an  example,  require  that  the  board  of  directors 
shall  provide  for  "  the  equitable  distribution  of  water  to  the  lands 
within  the  district,  upon  the  basis  of  the  beneficial  use  thereof,"^ 
which  is  the  end  that  most  well-conducted  irrigation  enterprises 
strive  to  attain.  The  Utah  provision  for  an  allotment  by  the  State 
engineer  before  organization  of  the  district,  with  a  final  revision 
after  organization  and  after  the  amount  of  water  available  has  been 
determined,  is  a  refinement  of  this  principle  in  that  it  embodies  a 
survey  of  all  existing  water  rights,  classification  of  the  soil,  deter- 
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mination  of  the  water  deficiency  on  each  tract,  and  resulting  deter- 
mination of  the  amount  of  water  to  be  supplied  by  the  district  to 
each  tract. 

Authority  to  charge  tolls  for  water,  which  is  granted  by  most  of 
the  States  and  which  has  been  taken  advantage  of  to  some  extent, 
offers  a  means  of  apportioning  water  in  any  particular  year  according 
to  the  needs  of  the  water  users. 

Irrigation  districts  are  often  given  conditional  authority  to  sell 
or  rent  excess  water  to  outside  lands. 

EMINENT  DOMAIN 

An  important  power  granted  by  all  the  State  statutes  to  irrigation 
districts  is  the  right  of  eminent  domain — ^the  power  to  condemn  land, 
water,  water  rights,  and  other  property  necessary  to  the  purpose 
of  the  district.  In  California  an  irrigation  district,  in  common 
with  other  political  subdivisions,  may  take  immediate  possession 
upon  bringing  eminent-domain  proceedings  and  depositing  the  re- 
quired security.  California  furthermore  authorizes  an  irrigation 
district  to  condemn  the  use  of  property  of  another  irrigation  district 
so  long  as  it  does  not  interfere  with  use  by  the  district  first  acquiring 
the  property.  Under  this  authorization  Waterford  irrigation  dis- 
trict in  1915  instituted  proceedings  to  acquire  the  right  to  enlarge 
the  main  canal  of  Modesto  irrigation  district  for  the  conveyance  of 
water  to  the  Waterford  lands,  but  the  case  was  settled  without  going 
to  trial. 

DRAINAGE 

The  right  to  construct  drainage  works  is  now  generally  recognized 
to  be  as  vital  to  the  success  of  an  irrigation  district  as  is  any  other 
of  its  powers.  Although  such  provisions  were  not  included  in  the 
early  district  laws,  the  experience  of  all  types  of  irrigation  enter- 
prises has  brought  the  question  of  drainage  of  irrigated  lands  very 
much  to  the  fore  and  has  resulted  in  effecting  legal  means  in  prac- 
tically all  of  the  States  for  the  undertaking  of  drainage  by  irrigation 
districts.  Until  recently  comparatively  few  irrigation  districts  had 
done  drainage  work  on  any  great  scale.  Very  frequently  only  por- 
tions of  districts  had  become  affected  by  the  rise  of  water,  in  which 
cases  the  general  tendency  was  to  afford  local  relief  only  and  to 
leave  preventive  measures  "to  the  future;  for  the  possibility  of  future 
injury  proved  to  be  a  far  less  potent  incentive  to  the  expenditure  of 
money  for  drainage  construction  than  the  injury  already  visible. 
However,  instances  of  drainage  construction  by  irrigation  districts, 
financed  either  by  special  assessments  or  by  bond  sales,  are  now  to 
be  found  in  a  number  of  the  States,  and  the  organization  plans  of 
several  districts  have  contemplated,  as  an  integral  part  of  the  dis- 
tricts' engineering  plans,  drainage  construction  and  the  use  of  the 
drainage  water  for  the  irrigation  of  other  lands.  Several  large  dis- 
tricts in  San  Joaquin  Valley,  Calif.,  have  important  pumping  instal- 
lations for  drainage  purposes. 

In  some  sections,  as  Yakima  Valley,  Wash.,  the  numerous  irriga- 
tion districts  have  been  largely  relieved  from  the  consideration  of 
drainage  problems  by  the  widespread  existence  of  drainage  districts. 
The  important  thing  obviously  is  to  get  the  land  drained  by  whatever 
kind  of  district  is  most  practicable.    Without  reference  to  the  merits 


64         TECHNICAL  BULLETIN   2  54,  U.  S.  DEPT.  OF  AGRIOTILTUEE 

of  either  type  of  district  in  any  given  case,  however,  it  is  highly 
advantageous  for  an  irrigation  district  to  be  allowed  to  construct 
drainage  systems.  In  certain  cases,  for  example,  relatively  small 
amounts  of  such  work  need  to  be  done.  Again,  it  may  prove  easier 
and  speedier  to  accomplish  drainage  work  by  an  existing  organiza- 
tion than  to  organize  another  district  to  do  it.  Furthermore,  the 
simultaneous  consideration  of  irrigation  and  future  drainage  prob- 
lems by  a  new  irrigation  district  may  result  in  an  ultimate  saving 
of  money.  Finally,  as  a  matter  of  self-preservation,  the  power  of  an 
irrigation  district  to  relieve  its  own  water-logged  lands  and  make 
them  valuable  again  is  of  the  utmost  importance. 

The  Bureau  of  Reclamation  has  cooperated  with  adjoining  irriga- 
tion districts  in  drainage  construction  on  Boise  project,  Idaho; 
Klamath  project,  Oregon;  and  North  Platte  project,  Nebraska.  Such 
cooperation,  which  has  been  in  addition  to  drainage  cooperation  with 
irrigation  districts  on  the  projects  proper,  has  consisted  usually  in 
the  construction  of  drainage  works  for  the  irrigation  districts  as 
parts  of  the  general  project  drainage  systems.  In  other  cases  the 
right  to  discharge  drainage  water  from  district  systems  into  the 
project  ditches  has  been  the  subject  of  contract. 

ELECTRIC  POWER 

The  development  of  electric  power  by  irrigation  districts  and  its 
use  either  within  or  without  the  districts  are  authorized  in  several 
States  as  a  means  of  making  the  irrigation  plan  more  economical 
and  effective.  Power-development  programs  have  been  confined  to 
relatively  few  districts  but  are  highly  important  to  those  few.  The 
largest  undertakings  have  been  in  California  in  connection  with  the 
development  and  storage  of  water  for  irrigation  purposes.  These 
are  as  follows:  (1)  Construction  of  a  power  plant  in  connection 
with  Don  Pedro  Reservoir  by  Turlock  and  Modesto  irrigation  dis- 
tricts. Modesto  distributes  the  whole  of  its  share  of  the  power, 
while  Turlock  distributes  power  within  certain  boundaries  and  sells 
the  surplus  to  a  private  corporation.  At  the  end  of  1928  Modesto 
was  distributing  poAver  through  7,572  active  meters  and  Turlock 
through  5,374.  Combined  capital  expenditures  of  the  two  districts 
for  power,  aside  from  the  cost  of  Don  Pedro  Dam,  exceed  $4,000,000 ; 

(2)  construction  of  a  power  house  at  Exchequer  Dam  by  Merced 
irrigation  district  and  sale  of  all  power  to  a  private  company  at  the 
plant.  The  contract  with  the  power  company  runs  for  20  years, 
with  option  of  renewal  by  the  district  for  an  additional  20  years. 
The  district's  investment  in  power  construction  exceeds  $1,000,000; 

(3)  contract  between  South  San  Joaquin  and  Oakdale  districts  on 
the  one  hand  and  two  private  companies  on  the  other,  under  which 
the  districts  jointly  built  Melones  Dam  and  the  companies  built  a 
power  plant  below  the  dam.  Payments  to  the  districts  for  use  of  the 
water  for  power  are  used  to  pay  the  interest  and  principal  of  district 
bonds  issued  to  build  the  dam,  of  which  the  principal  amounted  to 
$2,200,000;  and  (4)  contract  between  Nevada  irrigation  district  and 
a  power  company  under  which  district  water  is  to  be  used  by  the  com- 
pany for  power  purposes  for  a  period  of  50  years.  The  revenue 
from  this  source  is  estimated  to  pay  the  interest  on  all  district  bonds 
now  outstanding,  aggregating  nearly  $8,000,000,  construction  of  the 
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district's  irrigation  distribution  system  being  not  yet  completed  or 
wholly  financed.^^ 

A  different  phase  of  the  subject  appears  in  the  operation  of  Yuma 
and  Queen  Creek  irrigation  districts,  Ariz.,  which  have  fulfilled  their 
sole  purposes  of  organization  by  constructing  transmission  and  dis- 
tribution systems  for  the  delivery  of  power  purchased  elsewhere  for 
use  by  individual  pumping  plants  within  the  district.  Arizona  now 
has  a  satisfactory  electrical  district  law  under  which  projects  of  this- 
type  may  organize.  Two  districts  in  Washington  have  proposed  thi& 
same  type  of  development,  but  have  not  yet  carried  it  out. 

Truckee-Carson  irrigation  district,  Nev.,  is  distributing  power 
through  the  medium  of  local  improvement  districts. 

INCLUSION  OF  MUNICIPALITIES 

Cities  and  towns  may  be  included  in  irrigation  districts  and 
assessed  for  district  purposes  in  California  and  certain  other  States^ 
but  in  still  other  States  may  not  be  so  included.  In  Oregon,  for 
example,  residence  property  may  not  be  included  in  districts,  but 
city  or  town  property  used  or  suitable  for  agriculture  is  subject  ta 
inclusion.  The  justification  for  including  town  lots,  which  may 
themselves  never  be  irrigated,  is  that  some  municipalities  owe  their 
existence  in  whole  or  in  part  to  the  success  of  surrounding  irrigation 
districts  and  should  consequently  be  made  to  share  in  the  districts' 
upkeep.  While  the  control  of  district  affairs  by  city  residents  has 
sometimes  been  feared,  particularly  in  California  where  the  general 
election  laws  apply,  it  usually  happens  that  city  residents  take  much 
less  interest  in  district  affairs  than  do  the  farmers,  and  in  relatively 
few  cases  have  they  been  known  to  control  affairs  for  their  own 
particular  advantage. 

INCLUSION  OF   PUBLIC  LANDS 

The  inclusion  of  public  lands  in  irrigation  districts  is  of  course  at 
the  option  of  the  Federal  or  State  Governments  holding  title  to  such 
lands. 

The  question  of  including  public  land  of  the  United  States  has  been 
discussed  heretofore  under  the  relations  of  irrigation  districts  with 
the  General  Land  Office  (p.  61).  As  stated,  congressional  authority 
now  exists  for  the  inclusion  of  unpatented  land  under  certain  condi- 
tions at  the  discretion  of  the  Secretary  of  the  Interior. 

Several  States,  recognizing  the  possible  hindrance  to  development 
by  withholding  State  lands  from  inclusion  in  irrigation  districts, 
have  made  provision  for  such  inclusion  under  restrictions  and  under 
the  supervision  of  the  proper  State  officials.  Such  provisions  usually 
deny  the  right  of  districts  to  assess  the  State,  but  either  grant  liens 
similar  to  that  contained  in  the  Smith  Act  {16)  or  authorize  the 
State  land  offices  to  contract  with  individual  districts  for  the  pay- 
ment of  assessments  by  the  State. 

LOCAL  IMPROVEMENT  DISTRICTS 

The  local  improvement  district  is  a  subdistrict  within  an  irrigation 
district  in  which  improvements  may  be  made  of  particular  value  to 

12  The  details  of  these  contracts  and  their  effect  upon  the  financial  structures  of  the 
districts  are  discussed  In  (2).  The  effect  of  power  development  upon  the  storage  debts  and 
annual  assessments  of  five  of  the  above  six  districts  is  discussed  in  {18)  on  pp.  43  and  49. 
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the  lands  included.  In  the  usual  type  of  irrigation  district  the  local 
improvement  district  is  useful  in  cases  in  which  the  main  irrigation 
district  builds  and  operates  only  the  main  canals  and  main  laterals 
and  leaves  to  individuals  or  groups  the  responsibility  for  constructing 
and  operating  sublaterals  leading  from  the  main  system  to  individual 
farms.  However,  even  in  districts  which  deliver  water  to  each  farm 
or  small  unit  of  land  the  local  improvement  district  may  be  used, 
where  the  statute  permits,  for  drainage  purposes  or  for  other  con- 
struction for  which  the  district  as  a  whole  does  not  assume  respon- 
sibility. Operation  of  local  improvement  districts  in  the  several 
States  is  as  follows : 

WASHINGTON 

The  plan  of  permitting  subdistricts  to  be  organized  for  local  im- 
I)rovement  purposes  within  irrigation  districts  was  first  worked  out 
in  Washington.  It  was  proposed  at  one  time  to  organize  one  large 
irrigation  district  to  include  all  lands  irrigated  from  the  Sunnyside 
Canal  system  of  the  Bureau  of  Kecl'amation  in  Yakima  Valley.  This 
system  serves  lands  under  widely  divergent  conditions,  embracing 
gravity  and  pumping  systems  and  areas  more  lately  put  under  irriga- 
tion, which  are  reached  by  more  costly  construction  than  that  needed 
for  the  earlier  irrigation.  If  this  entire  system  were  included  in  one 
irrigation  district  certain  units  would  be  under  heavier  construction 
and  operation  costs  than  other  units.  This  situation  led  to  the  idea 
of  authorizing  the  users  under  one  lateral  or  other  unit  of  an  irriga- 
tion district  to  make  repairs  or  reconstructions  or  to  construct  exten- 
sions themselves,  and  to  handle  the  cost  of  doing  this.  Such  local 
improvement  would  also  include  drainage  work. 

In  1917  Washington  authorized  the  creation  of  local  improve- 
ment districts  within  irrigation  districts.  Provision  is  made  for 
the  formal  organization  of  such  a  local  district  by  petition  of 
the  owners  of  one-fourth  of  the  acreage  to  the  board  of  directors 
of  the  irrigation  district  and  hearing  before  the  board  of  direc- 
tors, or  by  initiation  of  proceedings  by  the  directors  themselves. 
A  protest  by  a  majority  of  holders  of  title  to  lands  within 
the  proposed  local  district  is  sufficient  to  prevent  formation  in 
either  instance,  No  local  government  is  provided  for,  all  affairs 
being  handled  by  the  central  board  of  directors,  which  adopts  plans, 
issues  local  improvement-district  bonds,  and  consummates  the  work. 
The  bonds  may  bear  a  higher  rate  of  interest  (8  per  cent)  than  the 
usual  type  of  irrigation-district  bond  and  are  an  obligation  of  the 
entire  irrigation  district.  The  cost  of  the  local  improvement,  how- 
ever, is  assessed  in  the  usual  way  against  the  lands  benefited,  and 
the  law  provides  that  no  tract  on  which  an  assessment  is  paid  is 
thereby  released  from  liability  to  assessment  for  deficiencies  or  delin- 
quencies until  the  principal  and  interest  of  all  bonds  have  been 
paid  in  full.  In  case  of  failure  of  lands  in  the  local  district  to 
provide  sufficient  money  to  pay  principal  and  interest,  the  main 
irrigation  district  is  required  to  pay  the  deficiency  in  general 
warrants. 

Twelve  irrigation  districts  in  Washington  are  reported  as  having 
adopted  the  local-improvement-district  feature,  with  a  total  of  65 
such  districts.  Against  these  local  districts  there  have  been  issued 
a  total  of  $675,296  of  bonds  (aside  from  main  irrigation-district 
bonds),  of  which  $355,213  have  been  redeemed  and  $320,083  are  out- 
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standing.  Their  purposes  have  been  principally  lining  lateral  ditches, 
replacing  earth  ditches  with  pipe,  installing  measuring  devices,  and 
in  a  few  cases  building  new  laterals. 

The  most  extensive  development  of  this  character  has  been  in 
Sunnyside  Valley  irrigation  district  on  Yakima  project,  which  has 
42  local  improvement  districts  covering  a  total  area  of  9,962  acres. 
Against  this  $458,750  of  local-improvement-district  bonds  have  been 
sold,  of  which  $268,625  have  been  redeemed.  Some  of  the  earlier 
work  is  stated  to  have  been  unsatisfactory,  with  the  result  that  the 
main  district  has  had  to  take  over  some  tracts  of  land  at  tax  sale  and 
make  good  the  local  district  obligations  out  of  its  general  funds. 
Such  cases,  however,  are  few,  and  on  the  whole  this  feature  has 
proved  satisfactory. 

A  further  application  of  the  local  district  idea  in  Sunnyside  Valley 
irrigation  district  is  in  the  formation  of  "  maintenance  districts,"  a 
type  of  organization  not  provided  for  by  statute  but  formed  and 
functioning  only  under  resolutions  of  the  board  of  directors.  A 
maintenance  district  is  initiated  by  petition  of  owners  of  at  least  25 
per  cent  of  the  acreage  served  by  a  lateral  or  sublateral,  and  formed 
only  after  written  notice  to  all  landowners  affected  and  an  oppor- 
tunity for  a  hearing.  The  district  is  not  formed  if  substantial  oppo- 
sition develops.  The  purpose  of  the  maintenance  district  is  to  dis- 
tribute the  cost  of  maintenance  as  equitably  as  possible  on  laterals 
carrying  less  than  10  second-feet,  in  as  much  as  the  Bureau  of  Recla- 
mation maintains  laterals  on  this  unit  down  to  that  figure  only.  No 
permanent  construction  is  handled.  The  farmers  do  the  canal  clean- 
ing themselves,  choosing  a  local  foreman  who  is  satisfactory  to  the 
Sunnyside  district  directors  and  arranging  the  time  of  work  to  suit 
themselves.  The  foreman  is  considered  to  be  the  agent  of  Sunny- 
side district.  Payments  for  labor  and  materials  are  made  by  the 
district  directors,  and  the  cost  is  assessed  equally  to  the  lands  in  the 
maintenance  district  and  collected  as  part  of  the  general  irrigation- 
district  assessments.  The  Sunnyside  district  directors  have  reserved 
the  right  to  establish  a  maintenance  district  upon  each  lateral  covered 
by  a  local  improvement  district  in  order  to  assure  the  board  that  the 
construction  work  performed  by  the  local  improvement  district  shall 
be  properly  maintained.  To  the  present  time,  89  maintenance  dis- 
tricts covering  a  total  area  of  33,939  acres  have  been  formed  and  are 
in  operation.  It  is  to  be  noted  that  this  area  is  a  substantial  fraction 
of  the  total  81,000  acres  in  Sunnyside  Valley  irrigation  district. 

NEVADA. 

Nevada  has  two  local  improvement  district  laws.  The  earlier  law 
authorized  a  division  of  an  irrigation  district  to  provide  for  local 
improvements,  the  division  to  have  a  local  board  of  directors,  includ- 
ing as  one  member  the  main  district  director  from  that  division. 
This  arrangement  did  not  prove  altogether  satisfactory,  so  in  1923 
the  legislature  provided  an  alternative  plan,  based  upon  that  of 
Washington,  under  which  several  local  districts  are  operating.  There 
are  important  differences  between  the  Washington  and  the  Nevada 
plans,  mainly  as  to  organizing  the  districts,  providing  for  issuance 
of  securities,  and  the  character  of  the  obligations.  For  example, 
bonds,  notes,  or  certificates  of  Nevada  local  districts  may  bear  not 
over  6  per  cent  interest  and  are  not  a  general  obligation  of  the  main 
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irrigation  district.  Prior  to  the  issuance  of  such  securities  any  land- 
owner may  pay  off  the  amount  of  local  improvement  benefit  assessed 
against  his  land.  The  law  does  not  state  specifically  whether  such 
land  continues  to  carry  a  joint  liability  for  repayment  in  case  of  de- 
linquencies on  the  part  of  other  landowners,  and  apparently  the 
courts  have  not  yet  passed  upon  this  point,  but  it  is  locally  considered 
that  the  provisions  of  the  main  irrigation  district  law  relative  to 
joint  liability  apply  to  local  improvement  districts  as  well.  In  other 
important  respects  the  Washington  and  Nevada  plans  are  essentially 
similar. 

In  Walker  River  irrigation  district  three  local  improvement  dis- 
tricts have  been  formed  covering  a  total  of  65,976  acres.  These  have 
sold  a  total  of  $144,000  of  local  improvement-district  bonds,  of  which 
$11,000  have  been  redeemed  and  $133,000  were  outstanding  in  1928. 
These  expenditures  have  been  partly  for  drainage  and  partly  for 
purchase  and  reconstruction  of  a  canal  and  distributing  system.  In 
Truckee-Carson  irrigation  district  6  local  improvement  districts  have 
been  formed  and  3  more  are  contemplated,  the  9  covering  almost  the 
entire  irrigation  district.  These  six  improvement  districts  issued  a 
total  of  $118,600  of  local  improvement  bonds  in  1928,  of  which  all 
are  outstanding,  for  construction  of  electrical  distribution  systems 
and  formation  and  financing  of  such  districts  continued  during  1929. 
The  Truckee-Carson  district  owns  and  operates  the  main  power  line 
and  substations  which  supply  these  local  distribution  systems. 

IDAHO 

The  Idaho  plan  is  very  different.  The  legislature  in  1925  author- 
ized the  creation  of  "  irrigation  lateral  districts  "  within  territory 
already  organized  as  irrigation  districts  in  the  same  manner  as  irri- 
gation districts  are  created  from  unorganized  territory.  The  irriga- 
tion-lateral district  has  its  own  directors,  officers,  and  employees  and 
is  not  subject  in  any  way  to  the  parent  district,  except,  of  course,  in 
that  its  purpose  is  to  build  and  operate  a  lateral  ditch  of  an  organized 
irrigation  district.  The  lateral  district  has  all  the  powers  of  a  parent 
district,  including  the  power  to  issue  bonds  and  levy  assessments. 
The  law  specifically  provides  that  creation  of  obligations  and  levy  of 
assessments  by  an  irrigation-lateral  district  shall  not  affect  the  obliga- 
tions and  assessments  of  the  irrigation  district  of  which  it  is  a  part. 

Two  irrigation-lateral  districts  have  been  formed  in  Weiser  irri- 
gation district  covering  town  lots  and  suburban  property  adjacent  to 
Weiser.  They  include,  respectively,  35  and  230  acres,  and  had  sold 
$5,800  and  $23,000  worth  of  bonds  to  the  end  of  1928.  The  larger 
district  had  redeemed  $3,500  of  its  bond  issue. 

C3ALIF0RNIA 

California  in  1927  enacted  an  "irrigation  district  improvement 
act "  based  generally  upon  the  original  local  improvement  district 
law  of  Washington,  but  with  important  differences  in  procedure  and 
with  added  features.  Assessments  are  apportioned  according  to 
benefits  rather  than  on  the  ad  valorem  basis  provided  by  the  main 
irrigation  district  law,  and  include  interest  on  deferred  payments  at 
not  over  7  per  cent  per  annum  with  10  per  cent  additional  for  antici- 
pated delinquencies,   payable  in  not  over   10  annual  installments. 
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Coupon  warrants,  bearing  the  same  rate  of  interest  provided  for  the 
assessment  installments,  may  be  issued  pa^^able  only  out  of  funds 
derived  from  the  improvement  assessments.  Before  warrants  are 
issued  any  landowner  may  pay  his  assessment  in  cash.  In  such  event 
his  land  is  not  thereafter  subject  to  assessments  for  such  improve- 
ment, but  remains  liable  for  maintenance  and  operation  and  for  sup- 
plementary or  additional  assessments.  Such  supplementary  assess- 
ments must  be  made  upon  all  lands  sufficient  to  pay  the  cost  of 
improvements  or  warrants  in  full  in  event  the  original  assessments 
prove  insufficient. 

The  most  important  new  feature  is  authority  for  the  irrigation 
district  directors  to  levy  an  additional  assessment  for  operation,  main- 
tenance, and  repair  of  the  works  of  the  improvement  district,  or,  in 
lieu  of  an  assessment,  to  fix  tolls  for  the  use  of  water  or  any  other 
public  use  within  the  improvement  district.     . 

To  the  end  of  1928,  13  improvement  districts  had  been  organized  in 
Turlock  irrigation  district,  including  a  total  area  of  10,197  acres  and 
with  a  total  warrant  indebtedness  of  $91,478,  mainly  for  the  purpose 
of  canal  lining,  and  a  number  of  others  have  since  been  formed.  In 
Modesto  district  one  had  been  organized  and  several  were  in  process 
cf  formation.  Further  operations  were  being  delayed  pending  a 
court  decision  as  to  the  validity  of  the  district  improvement  act.  The 
decision  upholding  the  validitv  of  the  act  was  handed  down  January 
13,  1930.13 

UTAH,  NEW  MEXICO,  OREGON,  AND  TEXAS 

Utah  provided  for  local  improvement  districts  within  irrigation 
districts  in  1919,  and  New  Mexico  in  1921  authorized  their  formation 
in  irrigation  districts  formed  to  cooperate  with  the  United  States. 
Both  of  these  laws  are  based  generally  upon  the  Washington  law. 
No  local  improvement  districts  have  been  formed  in  Elephant  Butte 
irrigation  district.  New  Mexico,  which  is  the  only  irrigation  district 
yet  formed  in  that  State  to  cooperate  with  the  United  States,  and  so 
far  as  could  be  ascertained,  none  has  been  organized  in  the  Utah 
irrigation  districts.  Amendments  to  the  Oregon  district  law  in  1927 
and  to  the  Texas  water  control  and  improvement  district  law  in  1929 
authorized  the  making  of  local  improvements  and  levy  of  taxes  there- 
for in  designated  areas  within  districts. 

COOPERATION  WITH  OTHER  DISTRICTS 

Irrigation  districts  are  sometimes  authorized  to  cooperate  with 
other  districts  in  the  same  State  or  in  adjoining  States,  in  the  con- 
struction, acquisition,  and  operation  of  irrigation  sj^stems.  There 
are  numerous  instances  of  intrastate  cooperation,  particularly  in 
California,  Oregon,  Washington,  Idaho,  Colorado,  'and  Nebraska,  of 
which  the  earliest  notable  examples  were  the  building  of  La  Grange 
Dam  by  Modesto  and  Turlock  districts  and  the  Goodwin  Dam  by 
Oakdale  and  South  San  Joaquin  districts  in  California.  More  re- 
cent examples  of  cooperation  are  mentioned  in  connection  with 
power  development  (p.  64).  Cooperation  between  districts  in  ad- 
joining States  has  been  limited  to  a  few  cases  in  lower  Snake  River 
Valley  in  Idaho   and  Oregon,  including  operation  of  Arrowrock 

"  Moore  v.  Thornburg  et  al.,  208  Cal.  657,  284  Pac.  218. 
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division  of  the  Federal  Boise  project,  and  to  operation  of  the  several 
divisions  of  North  Platte  project  in  Wyoming  and  Nebraska  turned 
oyer  to  the  users.  The  way  has  been  opened  for  eventual  coopera- 
tion between  districts  on  other  interstate  projects  of  the  Bureau  of 
Reclamation  when  the  districts  shall  have  taken  over  the  operation 
of  the  irrigation  systems  concerned. 

DISSOLUTION 

The  Wright  Act  made  no  provision  for  the  dissolution  of  irriga- 
tion districts,  but  subsequent  legislation  in  California  and  in  other 
States  has  provided  for  dissolution  by  the  courts,  by  the  county 
governing  bodies,  or  by  the  districts  themselves.  This  procedure  is 
advisable  in  the  case  of  defunct  districts,  not  only  to  clear  the  rec- 
ords of  possible  tax  liens  but  also  to  prevent  ill-considered  plans  of 
resuscitation.  No  district  may  escape  its  obligations  through  dis- 
organization, and  the  decree  of  dissolution  is  dependent  upon  liqui- 
dation of  indebtedness. 

Of  the  302  irrigation  districts  in  the  United  States  classed  as 
inactive,  85  were  reported  as  formally  dissolved. 

IRRIGATION-DISTRICT  DEVELOPMENT 

EARLY  UTAH  DISTRICTS 

The  first  irrigation-district  legislation  in  the  United  States  was 
enacted  by  the  Territory  of  Utah,  January  20,  1865,  providing  for 
irrigation  districts  within  counties,  but  making  no  provision  for 
bond  issues.  This  law  was  immediately  put  into  operation,  with 
the  result  that  a  large  number  of  such  enterprises  were  formed  dur- 
ing the  following  quarter  century  in  various  parts  of  the  Territory. 
No  attempt  has  been  made  to  ascertain  the  exact  extent  of  operations 
under  this  law,  for  the  present  investigation  has  been  concerned 
primarily  with  the  type  of  district  first  authorized  by  the  Wright 
Act;  but  it  is  known  that  the  number  of  early  Utah  districts  was 
large,^*  and  it  is  also  apparent  that  very  little  in  the  way  of  actual 
construction  was  accomplished  by  them.^^  They  have,  in  fact,  had 
small  share  in  the  irrigation  achievements  of  the  State,  and  have 
been  generally  forgotten  in  the  communities  in  which  they  were 
organized.  The  very  few  that  still  exist  are  thought  of  rather  as 
mutual  companies  and  are  similarly  operated.  They  bear  little 
analogy  to  the  present-day  irrigation  districts. 

THE  WRIGHT  ACT  OF  CALIFORNIA 

Following  a  number  of  unsuccessful  legislative  attempts  to  pro- 
vide for  public  irrigation  enterprises,  and  in  response  to  a  demand 
from  farmers  of  San  Joaquin  Valley,  Calif.,  for  a  means  of  organ- 
ization by  which  an  obstructing  minority  could  be  compelled  to  con- 
tribute to  the  cost  of  building  an  irrigation  system,  California  in 

"  Thomas  (13)  states  that  a  conservative  estimate  would  place  the  number  of  such 
organizations  at  about  100.  Brough  (S),  writing  in  1898,  states  that  there  were  then  41 
such  irrigation  districts  in  Utah. 

"  Numerous  unsuccessful  attempts  to  build  irrigation  works  under  this  law  are 
reported  (10). 
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1887  passed  the  Wright  Act.^^  Briefly,  this  law  provided  that  50, 
or  a  majority,  of  freeholders  owning  lands  susceptible  of  one  mode 
of  irrigation  from  a  common  source  and  by  the  same  system  of  works 
might  propose  the  organization  of  an  irrigation  district  by  petition 
to  the  board  of  county  supervisors,  which  petition  if  sufficient  in 
form  must  be  granted.  Thereupon  the  supervisors  were  required  to 
call  an  election  at  which  all  electors  in  the  area  described  were  al- 
lowed to  vote  for  or  against  the  organization  of  the  proposed  dis- 
trict and  for  district  officers,  an  affirmative  vote  of  two-thirds  of 
those  voting  being  necessary  to  authorize  formation.  If  declared 
organized,  the  board  of  directors  of  the  district  was  given  power  to 
acquire,  by  purchase  or  condemnation,  the  necessary  property,  water 
rights,  and  irrigation  works ;  to  call  elections  on  the  question  of  issu- 
ing bonds,  at  which  a  majority  of  the  votes  cast  was  sufficient  to 
authorize  a  bond  issue ;  to  issue  and  sell  bonds  in  the  amount  author- 
ized, and  to  use  the  proceeds  for  the  purchase  or  construction  of 
irrigation  works ;  to  levy  annual  assessments  to  meet  the  interest  and 
principal  of  outstanding  bonds,  and  to  call  elections  on  the  question 
of  special  assessments;  and  generally  to  manage  and  conduct  the 
affairs  of  the  district  to  the  end  that  a  system  of  irrigation  works 
should  be  constructed  or  purchased,  water  delivered,  and  the  district 
obligations  paid  as  due. 

The  essence  of  the  Wright  Act,  then,  was  the  permission  given 
to  a  part  of  the  residents  of  a  given  area  to  incur  indebtedness  for 
which  all  the  lands  in  such  area  were  held  liable.  Fifty  or  a  majority 
of  the  landowners  might  propose  the  organization  of  a  district ;  but 
once  organized,  a  majority  of  the  electors  voting  at  any  bond  election, 
whether  landowners  or  not,  might  bond  the  district  in  any  amount 
they  pleased.  The  advantage  thus  given  to  groups  of  small  land- 
owners is  obvious,  and  just  as  apparent  is  the  certainty  of  resulting 
opposition  of  unwilling  owners  of  large  tracts  to  a  scheme  of  things 
which  had  not  yet  been  tried  in  the  courts  and  which  was  soon  seen 
to  involve  constitutional  questions.  If  those  who  wished  irrigation 
could  have  built  systems  to  cover  only  their  own  lands,  much  of  the 
early  litigation  would  have  been  avoided.  But  the  situation  in  San 
Joaquin  Valley  which  gave  birth  to  the  Wright  Act  resulted  from 
the  decreasing  yields  of  grain  due  to  farming  the  land  year  after 
year  to  this  one  crop  and  the  consequent  unprofitableness  of  dry- 
grain  farming  on  small  areas  while  large  acreages  could  still  be  made 
to  yield  a  profit.  At  the  same  time  the  cost  of  bringing  water  to 
the  small  areas  alone  might  be  prohibitive,  yet  be  entirely  within 
reason  if  spread  over  additional  adjacent  areas.  It  was  to  remedy 
such  conditions  and  to  enable  the  needed  additional  areas  to  be 
brought  within  districts,  supplied  with  water,  and  taxed  to  pay  their 
proportion  of  the  cost  of  irrigation  that  the  irrigation-district  law 
was  enacted  in  California. 

Much  litigation  arose  over  the  formation  and  bond  issues  of  the 
early  districts.  The  objecting  landowners  claimed  that  the  sale  of 
their  lands  for  district  taxes  constituted  an  infringement  of  the 
Federal  Constitution  in  that  it  involved  taking  property  without 

"  The  history  of  irrigation  districts  in  California  from  1887  to  1915  is  detailed  by- 
Adams  (i).  The  recent  publication  by  Adams  (2)  gives  very  full  statements  concerning 
developments  from  1915  to  1928. 
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due  process  of  law.  The  California  State  courts  held  repeatedly  that 
neither  the  State  nor  the  Federal  Constitution  was  violated,  and 
although  in  the  first  Federal  case  to  pass  on  the  question  the  circuit 
court  held  the  Wright  Act  unconstitutional,  the  United  States  Su- 
preme Court  in  1896  reversed  the  decision  and  established  for  all 
time  the  constitutionality  of  the  irrigation-district  law.^^  The  broad 
ground  was  taken  in  this  decision  that  in  a  State  like  California, 
embracing  millions  of  acres  of  arid  lands,  the  irrigation  and  bringing 
into  possible  cultivation  of  such  areas  is  a  public  purpose  and  a 
matter  of  public  interest,  not  confined  to  the  landowners  or  to  any 
one  section  of  the  State,  and  that  an  act  of  the  legislature  providing 
for  irrigation  may  well  be  regarded  as  an  act  devoting  the  water  to 
a  public  use.  The  court  held,  furthermore,  that  the  detailed  procedure 
provided  for  in  the  act  constituted  due  process  of  law. 

In  the  meantime,  and  while  the  ultimate  fate  of  the  district  law 
was  still  unsettled,  Washington,  Kansas,  Nevada,  Oregon,  Idaho, 
and  Nebraska,  in  the  order  named,  had  enacted  irrigation-district 
statutes.  These  followed  for  the  most  part  the  phraseology  of  the 
Wright  Act,  altered  to  suit  local  conditions.  There  was  no  imme- 
diate reaction  to  the  Supreme  Court  decision,  in  the  enactment  of 
additional  laws  or  the  formation  of  new  districts,  but  with  the  con- 
stitutionality of  the  law  established  the  way  was  opened  for  the 
ever-increasing  development  which  began  a  few  years  later.  Seven- 
teen of  the  Western  States  now  have  irrigation  district  laws  embody- 
ing the  principles  first  expressed  in  the  Wright  Act. 

With  the  changes  that  have  taken  place  since  the  enactment  of  the 
early  district  laws,  and  the  experience  the  States  have  had  with  the 
actual  operation  of  districts,  it  has  been  inevitable  that  frequent  and 
radical  alterations  and  additions  should  be  made  to  the  original 
laws.  Even  at  the  present  time,  although  the  fundamental  prin- 
ciples of  the  irrigation-district  type  of  organization  may  be  con- 
sidered as  well  settled,  many  details  of  formation  and  operation  are 
undergoing  change. 

EARLY  DISTRICTS  UNDER  THE  WRIGHT  ACT 

Three  States  soon  followed  California  in  passing  irrigation-dis- 
trict statutes,  but  actual  operations  prior  to  1895  were  confined  to 
California  and  Washington.  Little  was  accomplished  at  this  time 
in  Washington,  for  only  two  of  the  seven  districts  formed  issued 
bonds,  and  none  did  much  in  the  way  of  construction.  In  Cali- 
fornia, however,  extensive  operations  were  carried  on,  the  results 
of  which  may  be  summarized  in  the  statement  that  49  districts  were 
organized,  of  which  26  went  beyond  the  point  of  organization  and 
seriously  attempted  to  function,  and  that  only  8  of  these  have  sur- 
vived to  the  present  day,  6  of  the  8  having  been  compelled  to  pass 
through  financial  reorganizations  before  their  survival  became  as- 
sured. Furthermore,  of  the  $7,917,850  of  bonds  issued  by  the  early 
districts  only  $2,000  were  paid  in  full,  $5,690,800  having  been  com- 
promised at*  losses  to  holders,  and  $2,061,750  illegally  issued.  The 
remaining  $163,300  were  unpaid  and  are  now  presumably  outlawed. 
With  an  initial  handicap  of  this  magnitude,  the  present  extent  of 

"Fallbrook  Irrigation  District  v.  Bradley,  164  U.  S.  112. 
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development  by  irrigation  districts  in  California  and  their  pre- 
ponderance in  the  irrigation  affairs  of  that  State  offer  striking 
testimony  to  the  adaptability  of  the  irrigation  district,  when  prop- 
erly safeguarded,  to  certain  types  of  development. 

A  great  many  of  the  early  California  districts  were  involved  in 
litigation  on  one  point  or  another,  largely  as  the  result  of  the  opposi- 
tion of  landowners  unwillingly  included,  although  the  earliest  dis- 
tricts were  undoubtedly  bona  fide  enterprises  and  free  from  specula- 
tive features.  After  a  few  years,  however,  speculation  and  promotion 
of  irrigation-district  schemes  became  rife  and  brought  with  it  the 
train  of  misfortune  that  usually  follows  such  unhealthy  develop- 
ment. It  is  true  that  the  bonding  of  irrigation  enterprises  was  a 
new  departure  in  irrigation  development  in  the  United  States  and 
that  much  had  to  be  learned  of  the  soundness  of  and  security  for 
such  bonds;  but  it  is  also  true  that  excessive  optimism,  fraud,  care- 
lessness in  the  matter  of  water  supply,  and  the  use  of  this  new  means 
of  promoting  land  sales  entered  largely  into  many  district  enter- 
prises. On  the  other  hand,  some  legitimate  and  entirely  feasible 
undertakings  of  the  early  period  that  were  started  were  carried 
under  in  the  reaction  that  followed  the  panic  of  1893.  Several  of 
the  feasible  districts  managed  to  weather  the  storm  and  eventually 
to  effect  bond  settlements  which  have  been  the  forerunners  of  their 
present  success. 

THE  PERIOD  OF  CONSERVATIVE  DEVELOPMENT 

Following  the  close  of  the  first  and  generally  disastrous  phase 
of  development  no  districts  were  formed  for  some  years  in  any  State 
but  Nebraska.  With  the  beginning  of  the  present  century,  however, 
irrigation-district  activity  began  in  Idaho  and  Colorado,  followed 
shortly  by  Oregon.  Operations  were  on  a  very  conservative  scale 
at  first  but  eventually  increased  in  extent,  particularly  in  Colorado, 
until  by  the  end  of  the  first  decade  very  many  districts  of  a  specula- 
tive character  were  issuing  and  disposing  of  bonds.  Although  no 
definite  date  can  be  assigned  as  marking  the  close  of  the  second 
period  of  district  development,  the  years  1906  and  1907  represent 
approximately  the  turning  point. 

The  conservatism  shown  in  the  formation  and  bonding  of  irriga- 
tion districts  during  this  period,  while  not  so  spectacular  as  the 
financial  failures  of  the  preceding  and  immediately  following  years, 
are  deserving  of  more  than  passing  comment.  In  Nebraska  and 
Idaho,  and  to  a  less  extent  in  Colorado,  the  district  was  used  largely 
for  the  purpose  of  taking  over  and  reconstructing  existing  irrigation 
works.  Bonds  were  issued  directly  in  payment  for  the  works  or 
sold  locally  for  improvements.  Thus,  the  bonds  were  issued  against 
an  established  security  having  a  developed  earning  power  sufficient 
to  pay  the  interest  and  principal,  in  addition  to  the  cost  of  maintain- 
ing and  operating  the  irrigation  system.  Such  districts  generally 
succeeded.  Several  Nebraska  districts  have  completely  discharged 
their  bonded  indebtedness;  others  in  all  the  States  mentioned  have 
paid  interest  promptly  and  have  retired  such  portions  of  the  prin- 
cipal as  have  fallen  due.  This  situation  affords  a  striking  contrast 
to  the  two  eras  of  speculation  in  irrigation-district  bonds. 
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THE  PROMOTION  PHASE 

The  third  phase,  or  second  period  of  promotion,  reached  its  climax 
about  1910  and  ended  two  or  three  years  later.  The  principal  activi- 
ties were  in  Colorado,  but  they  extended  to  Wyoming,  Utah,  Idaho, 
and  Oregon.  Colorado,  however,  for  reasons  stated  below,  provided 
the  most  fertile  and  extensive  field  for  speculation  and  furnished 
most  of  the  financial  failures.     . 

The  promotion  of  irrigation  districts  at  this  time  was  not  an  iso- 
lated feature  of  irrigation  development,  but  was  largely  contempora- 
neous with  Carey  Act  development  in  the  NorthAvest.  Activities 
under  the  Carey  Act  were  chiefly  centered  in  Idaho  and  Wyoming 
(6),  in  which  States  there  were  not  so  many  speculative  district 
enterprises.  Speculation  in  irrigation  projects  was  prevalent  at  the 
time  and  became  identified  with  the  districts  in  Colorado  because  of 
the  lack  of  safeguards  then  provided  by  the  irrigation-district  laws. 
The  promoter  was  not  working  alone  in  his  efforts  for  large  and 
immediate  profits,  but  was  ably  seconded  by  landowners  and  bond 
dealers,  many  of  whom  had  but  one  thought  in  mind,  to  exploit  the 
situation  to  its  utmost  and  then  "  to  get  from  under."  The  result 
was  a  repetition  of  the  early  California  experience,  with  a  nation- 
wide discrediting  of  irrigation  securities  which  affected  good  irriga- 
tion bonds  as  well  as  poor  ones  and  from  which  the  irrigation  bond 
market  has  not  even  yet  fully  recovered.  Not  all  Colorado  districts 
organized  at  this  time  were  of  this  type.  Many  were  entirely  worthy 
and  feasible  enterprises,  but  the  effect  of  the  large  number  of  defaults 
and  compromises  on  the  investing  public  has  overshadowed  the  fact 
that  Colorado  has  some  excellent  districts  that  have  paid  all 
obligations  promptly  as  due.^^ 

WAR  DEVELOPMENT  AND  THE  POSTWAR  DEPRESSION 

About  1910  interest  in  irrigation  districts  began  to  revive  in  Cali- 
fornia, in  which  no  district  had  been  formed  since  1895,  and  also 
in  Washington.  It  also  developed  shortly  afterwards  in  Arizona 
and  Texas.  Progress  was  slow  for  a  few  years,  however,  because  of 
the  unwillingness  of  eastern  and  middle-Avestern  investors  to  consider 
irrigation  bonds,  and  the  necessity  of  disposing  of  bonds  almost 
entirely  to  local  people  who  were  familiar  with  the  merits  of  the 
enterprises  issuing  them.  In  the  meantime  such  additional  safe- 
guards had  been  thrown  about  the  formation  and  bonding  of  dis- 
tricts in  California  that  gradually  a  fairly  dependable  market  devel- 
oped there,  and  by  1917  and  1918  irrigation  districts  in  a  number  of 
States  began  to  find  it  possible  to  market  their  bonds.  The  substan- 
tial assurance  of  financing  district  development  and  the  stimulus  to 
agricultural  production  caused  by  the  war  resulted  in  many  plans 
to  promote  both  new  and  supplemental  development  projects.  This 
activity  was  especially  pronounced  in  the  Northwestern  and  Pacific 
Coast  States.  The  demand  for  farm  products  was  apparently  greater 
than  the  supply,  opportunities  for  land  settlement  appeared  excel- 
lent, and  the  scale  of  costs  and  returns  was  well  above  the  experience 
of  many  persons.  Consequently  these  projects  involved  relatively 
high  costs  of  construction,  which  under  prevailing  conditions  seemed 

i*The  history  of  a  large  number  of  Colorado  districts  is  given  in  (5). 
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within  the  ability  of  the  lands  to  pay.  Moreover,  payments  seemed 
assured,  and  on  such  basis  the  States  approved  and  in  some  cases 
encouraged  the  initiation  of  projects  which  to-day  would  not  be 
■considered  economically  feasible. 

The  agricultural  decline  which  began  in  the  fall  of  1920  not  only 
reduced  the  incomes  of  farmers  then  operating  but  also  inevitably 
reduced  the  demand  for  agricultural  land.  This  threw  the  burden 
of  paying  operation  and  interest  charges  upon  smaller  proportions 
of  the  project  lands  than  plans  had  allowed  for.  As  irrigation- 
district  bonds  are  a  general  liability  in  most  States,  there  was  no 
way  of  avoiding  this  legal  contingency  if  the  bondholders  chose  to 
enforce  it.  Three  important  features  of  irrigation-district  develop- 
ment which,  while  by  no  means  new  or  unknown,  have  been  empha- 
sized during  the  past  10  years  are  as  follows:  (1)  The  importance 
of  economic  feasibility  of  a  project  in  assuring  the  integrity  of  its 
obligations;  (2)  the  large  margin  of  safety  required  to  assure  the 
economic  feasibility  of  a  project  during  protracted  periods  of  depres- 
sion; and  (3)  the  failure  of  the  general  liabilitj^  feature  of  district 
bonds  to  protect  creditors  in  case  of  severe  delinquencies,  and  the 
•adverse  effect  of  general  liability  as  contrasted  with  individual  lia- 
bility, upon  the  morale  of  settlers  who  are  striving  to  pay  their  own 
pro  rata  assessments. 

On  the  other  hand,  a  large  number  of  going  concerns  have  sur- 
vived the  unfavorable  conditions  and  are  paying  their  obligations  as 
due.  Success  in  these  cases  has  been  due  in  some  degree  to  fortuitous 
circumstances,  but  mainly  to  existence  of  a  reserve  or  margin  of 
security  sufficient  to  tide  the  districts  over. 

RECENT  ACTIYITIES 

More  irrigation  districts  were  formed  during  the  years  1917  to  1919, 
inclusive,  than  in  any  previous  3-year  period.  The  number  formed 
in  1920  to  1922,  inclusive,  was  even  greater,  on  account  of  the  very 
large  number  formed  in  1920  and  because  many  projects  organized 
during  this  period  were  initiated  prior  to  the  beginning  of  the  de- 
pression. Allowing  for  variations  from  year  to  year,  the  rate  of 
organization  has  decreased  markedly  since  the  peak  year  1920.  On 
the  other  hand,  the  heaviest  sales  of  bonds  were  in  1924  and  1925, 
after  which  years  the  decrease  was  abrupt.  Taking  the  country  as 
a  whole,  the  year  1928  witnessed  the  formation  of  fewer  districts 
than  any  other  year  since  1914  and  the  sale  of  a  smaller  aggregate 
principal  of  bonds  than  any  other  year  since  1918.  Complete  data 
are  not  available  for  1929,  but  indications  are  that  the  total  number 
of  new  districts  organized  was  somewhat  smaller  than  in  1928  and 
that  the  amount  of  bonds  sold  was  considerably  less. 

Throughout  the  country  as  a  whole,  at  the  end  of  1928  there  were 
10  irrigation  districts  under  construction  covering  about  183,000 
acres,  and  82  districts  in  preliminary  stages  covering  more  than 
3,000,000  acres.  Some  of  these  districts  are  on  Federal  reclamation 
projects  and  will  pass  from  the  preliminary  stage  to  the  operating 
stage  when  the  United  States  vests  them  with  control  over  the  irri- 
gation systems.     Others  are  awaiting  the  sale  of  bonds. 

In  1929  new  activities  were  most  pronounced  in  Texas  and  Arizona. 
In  the  lower  Kio  Grande  Valley,  Tex.,  and  in  Maricopa  and  Pinal 
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Counties,  Ariz.,  several  new  districts  were  organized  and  others  were 
in  process  of  formation,  while  still  other  districts  in  both  States 
were  maintaining  engineering  organizations  in  preparation  for  ac- 
tive construction  work  whenever  conditions  should  permit  the  sale 
of  their  bonds  at  reasonable  prices.  Much  of  this  development 
involves  high  capital  costs  for  the  irrigation  of  citrus  and  truck 
crops. 

A  statement  of  recent  irrigation-district  activities  would  not  be 
complete  without  brief  reference  to  the  districts  concerned  partly 
or  wholly  with  irrigation  that  have  been  formed  under  laws  other 
than  the  irrigation-district  laws.  Their  status  in  several  States  is 
important,  and  where  this  is  the  case  they  are  discussed  hereinafter 
in  connection  with  development  in  the  several  States.  The  organi- 
zation of  so-called  super  districts  with  plans  to  include  diverse 
smaller  units,  or  even  to  cover  entire  stream  systems,  is  one  of  the 
interesting  and  important  developments  of  the  last  10  to  12  years  in 
cooperative  control  over  common  water  resources. 

DEVELOPMENT  IN  THE  SEVERAL  STATES 

The  foregoing  discussion  has  dealt  with  irrigation  district  develop- 
ment in  the  Western  States  as  a  whole.  The  extent  and  rapidity 
of  development  in  each  State  and  the  character  of  such  development 
are  briefly  summarized  as  follows : 

ARIZONA 

The  first  irrigation  district  law  of  Arizona  was  approved  May  18, 
1912,  and  the  latest  complete  codification  is  found  in  the  revised  code 
of  1928.  By  far  the  greatest  part  of  the  district  development  has 
taken  place  in  comparatively  recent  years.  The  earliest  attempts 
immediately  following  enactment  of  the  district  law  were  abortive, 
but  activities  began  in  earnest  about  1918  and  have  continued  with- 
out cessation  to  the  present  time,  and  interest  in  further  development 
is  apparently  strong. 

The  largest  group  of  active  districts  is  in  the  Salt  and  Gila  River 
Valleys  in  Maricopa  County,  extending  as  far  west  as  Painted  Rock 
Mountains  below  Gila  Bend.  Smaller  groups  are  in  Yuma  County 
along  the  Gila  River,  in  Casa  Grande  Valley,  and  along  the  Santa 
Cruz  River  below  Tucson,  with  a  few  scattering  districts  in  other 
parts  of  the  State. 

A  rather  large  percentage  of  Arizona  districts  have  been  formed 
for  new  development,  and  of  such  districts  the  proportion  now  active 
is  larger  than  in  any  other  State  except  Texas.  The  active  districts 
are  evenly  divided  between  new  and  principally  new  development 
on  the  one  hand  and  principally  supplemental  on  the  other.  Several 
districts  in  Maricopa  County  have  contractual  relations  with  Salt 
River  Valley  Water  Users'  Association  regarding  acquisition  of 
water  supplies  or  purchase  of  power  for  pumping  for  both  irriga- 
tion and  drainage.  Roosevelt  water  conservation  district  paid  the 
association  to  line  a  section  of  the  latter's  main  canal  and  in  return 
takes  the  quantity  of  water  estimated  to  be  saved  by  the  lining,  aug- 
menting this  supply  by  pumping  from  47  wells  spaced  along  its  own 
main  canal  system.    Pumping  is  a  feature  of  a  number  of  Arizona 
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districts,  and  pumping  with  high  lifts  for  the  irrigation  of  high- 
priced  crops  is  a  feature  of  several  projects  on  the  fringes  of  Salt 
River  Valley.  The  Arizona  districts  have  an  exceptionally  good 
record  in  payment  of  obligations,  only  one  district  being  in  default 
in  payment  of  interest. 

An  important  phase  of  district  activities  in  Arizona  is  the  supply- 
ing of  electrical  power  to  individual  pumping  plants  within  the 
district.  The  legislature  made  several  attempts  to  provide  for  the 
formation  of  electrical  districts  for  such  purpose,  the  first  of  which 
was  in  1915,  and  finally  in  1923  passed  an  act  which  was  held  valid. 
There  is  also  in  force  a  power  district  act.^^  In  the  meantime  two 
irrigation  districts  had  been  formed  to  accomplish  the  purpose  aimed 
at  in  these  electrical-district  laws  and  at  present  are  supplying  power 
within  an  aggregate  area  of  14,400  acres,  of  which  9,200  acres  were 
irrigated  by  pumps  in  1928,  with  proceeds  of  bond  sales  totaling 
$185,000.  The  individuals  finance  their  pumping  plants  privately. 
Information  is  available  regarding  two  districts  formed  in  Pinal 
County  under  the  electrical  district  act  and  one  in  Yuma  County 
under  the  power  district  act,  covering  an  aggregate  area  of  277,639 
acres.  One  of  the  two  electrical  districts  was  operating  in  1929  with 
an  included  area  of  120,000  acres,  of  which  17,000  acres  were  reported 
irrigated  in  1928,  and  with  $457,000  of  bonds  sold  for  construction 
of  the  main  transmission  and  auxiliary  distribution  system,  the  power 
being  secured  from  Salt  River  Valley  Water  Users'  Association.  It 
is  planned  to  add  an  additional  100,000  acres  to  this  district.  The  one 
power  district  reported  includes  97,639  acres,  of  which  about  3,900 
acres  were  irrigated  in  1928.  It  has  sold  $230,000  worth  of  bonds 
for  construction  of  a  pole-line  system  on  north  and  south  section  lines, 
with  two  main  east  and  west  lines,  to  which  individuals  are  required 
to  build.  Power  is  also  supplied  to  an  adjoining  irrigation  district. 
The  system  has  been  leased  for  a  5-year  term  to  a  power  company, 
which  operates  the  line  and  collects  from  individuals. 

The  agriculture  improvement  district  act,  passed  in  1922,  was 
designed  for  the  special  purpose  of  affording  noncontiguous  dry  lands 
and  outlying  irrigation  communities  an  opportunity  to  join  the  Salt 
River  Valley  Water  Users'  Association  on  the  same  basis  as  older 
association  lands  with  the  proceeds  of  sale  of  district  bonds.  Three 
such  districts  have  an  aggregate  area  of  34,900  acres  and  have  issued 
a  total  of  $2,343,000  of  bonds,  of  which  a  portion  represents  the 
equivalent  of  back  assessments  which  these  lands  would  have  been 
required  to  pay  had  they  joined  the  association  originally. 

CALIFORNIA 

The  conditions  which  led  to  the  enactment  of  the  Wright  Act, 
March  7,  1887,  and  the  operations  under  that  law  have  already  been 
touched  upon.  In  1897  an  entirely  new  law  was  passed,  which,  as 
amended,  is  still  in  force.  Among  other  changes  made  by  the  act  of 
1897,  the  procedure  for  formation  of  districts  and  for  issuing  bonds 
was  altered  in  an  attempt  to  avoid  further  district  disasters.  For  12 
years  after  this  reenactment  no  new  districts  were  formed  in  Cali- 
fornia, the  main  activity  being  concerned  with  winding  up  the  affairs 

^8  This  is  discussed  by  Smith  in  (12). 
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of  insolvent  districts  and  with  solving  the  problems  still  faced  by  the 
few  old  districts  that  proved  successful. 

The  second  period  of  activity  in  California  began  about  1909, 
when  two  important  districts  were  formed  to  extend  an  irrigated 
area  contiguous  to  the  successful  Modesto  and  Turlock  irrigation 
districts,  and  has  continued  to  the  present  time.  The  postwar  period 
was  one  of  exceptional  activity  in  undertaking  new  projects,  for 
during  the  three  years  1919  to  1921  one-fourth  of  all  the  California  dis- 
tricts were  formed.  Interest  was  so  intense  at  that  time  that  certain 
projects  were  organized  over  the  objections  of  the  State  engineer, 
and  bonds  were  sold  which  the  State  had  refused  to  certify.  Sales 
of  uncertified  issues,  however,  were  but  a  small  fraction  of  the  total. 
During  the  four  years,  1922  to  1925,  California  districts  sold  more 
than  $50,000,000  of  bonds — nearly  one-half  of  the  total  sales  from 
1888  to  1928,  inclusive.  Comparatively  few  new  projects  have  been 
initiated  within  the  last  few  years.  No  districts  were  formed  in 
1928,  although  two  were  in  process  of  organization  in  1929.  Total 
bond  sales  in  1928  were  lower  than  in  any  year  since  1914. 

In  spite  of  the  disastrous  experiences  of  the  early  years,  much  has 
been  accomplished  under  the  irrigation-district  law  in  California, 
notably  in  the  reorganization  and  extension  of  existing  systems  and 
to  a  lesser  degree  in  the  development  of  new  enterprises.  Defaults 
on  bonds  sold  since  1900  have  been  confined  to  a  small  percentage 
of  the  total  sold.  These  defaults  have  developed  mainly  within  the 
past  five  years,  certain  cases  as  recently  as  1928  and  1929.  On  the 
other  hand,  many  successful  California  districts  bear  testimony  to 
the  adaptability  of  the  irrigation  district,  properly  safeguarded,  for 
conservative  irrigation  development. 

The  majority  of  districts  formed  during  the  first  period  were 
located  south  of  Tehachapi  Pass.  By  far  the  greatest  activity  from 
1909  to  1921  was  in  the  Sacramento  and  San  Joaq[uin  Valleys.  Dis- 
tricts formed  since  1921  have  been  located  mainly  in  the  two  interior 
valleys  and  in  southern  California,  with  a  few  scattered  over  other 
parts  of  the  State. 

The  operating  districts  in  California  have  become  an  important 
factor  in  the  irrigation  affairs  of  the  State.  They  far  outrank 
mutual  and  public-utility  irrigation  companies  in  areas  served  and 
capital  invested.  They  cooperate  in  matters  of  common  welfare 
through  the  medium  of  the  Irrigation  Districts  Association  of  Cali- 
fornia. This  association  maintains  a  permanent  organization  with 
executive  offices  in  San  Francisco.  Its  membership  comprises  74 
active  districts,  and  it  meets  semiannually,  usually  at  the  head- 
quarters of  some  district.  The  meetings  have  been  devoted  largely 
to  matters  of  proposed  legislation,  on  which  the  association  invari- 
ably takes  an  active  stand,  but  in  recent  years  have  come  to  include 
discussions  of  problems  involved  in  administration,  operation,  and 
maintenance.  One  of  the  important  activities  in  this  line  has  been 
the  development  of  a  uniform  system  of  accounting  in  cooperation 
with  the  State  engineer's  office. 

California  has  districts  formed  for  irrigation  purposes  under 
several  laws  other  than  the  irrigation-district  law.  As  reported 
by  Adams  (2)  these  are  principally  as  follows:  (1)  Six  operating 
county  water  districts  with  gross  areas  ranging  from  1,300  to  54,000 
acres,  of  which  the  two  smallest  have  issued  a  total  of  $535,000  in 


IREIGATIOX   DISTRICTS  79 

bonds;  and  one  partly  operating  district  covering  992,320  acres 
formed  primarily  to  gather  water-supply  data.  Of  the  large  num- 
ber of  districts  not  formed  under  the  irrigation-district  law,  these 
seven  are  the  only  ones  concerned  in  an  important  way  with  irriga- 
tion. (2)  One  water  district,  including  16,234  acres,  which  has 
voted  but  not  sold  bonds  and  is  not  yet  operating.  (3)  Three  operat- 
ing county  waterworks  districts  and  one  in  process  of  organization. 
This  law  was  designed  to  provide  a  means  by  which  water  from 
Los  Angeles  Aqueduct  might  be  distributed  in  San  Fernando  Valley. 
One  such  district  covering  89,000  acres  was  bonded  for  $2,604,000. 
(4)  Municipal  improvement  districts  formed  within  municipalities. 
Of  a  large  number,  only  three  are  concerned  in  any  degree  with 
irrigation,  all  being  operated  by  the  city  of  Los  Angeles. 

Districts  of  the  above  four  types  are  not  subject  to  supervision 
by  State  officials,  except  that  in  case  of  water  districts  the  sale  of 
bonds  and  execution  of  certain  contracts  must  be  approved  by  a 
board  of  three  engineers,  of  which  one  member  is  appointed  by  the 
governor,  one  by  the  district,  and  one  jointly  by  the  governor  and 
the  district. 

In  addition  to  these  four  types,  there  are  two  types  called  water- 
storage  districts  and  water-conservation  districts,  in  the  organiza- 
tion of  which  the  State  engineer  takes  an  active  part,  and  which 
have  important  possibilities.  The  first-named  districts  are  designed 
to  store  and  distribute  water  to  individual  or  organized  consumers 
who  may  have  entirely  different  priorities.  Of  the  4  organized,  2 
have  been  abandoned  and  2  with  assessable  areas  of  181,209  and 
50,405  acres,  respectively,  are  actively  planning  development.  Water 
conservation  districts  are  composed  of  irrigation  and  other  districts 
already  organized  that  are  concerned  with  irrigation,  reclamation, 
and  drainage,  and  in  reality  are  super  districts.  Water-storage 
capacity  and  power  are  apportioned  to  the  constituent  units,  and 
bonds  are  issued  and  assessments  levied  and  collected  by  the  units 
themselves.  No  district  has  yet  been  formed  under  this  law,  but 
investigations  leading  to  such  an  organization  on  Kings  River  have 
been  carried  on  for  a  number  of  years. 

Still  other  districts,  also  known  as  water-conservation  districts, 
may  be  formed  under  another  law,  primarily  to  conserve  and  develop 
the  underground  waters  of  stream  systems.  One  has  been  formed  on 
KaAveah  Delta  and  another  on  Santa  Clara  River,  with  respective 
areas  of  342,360  acres  and  111,899  acres.  Both  projects  are  in  pre- 
liminary stages.  These  districts  have  no  power  to  create  bonded 
indebtedness,  and  their  annual  assessments  are  limited  to  15  cents  on 
each  $100  of  assessed  valuations  of  land  and  improvements. 

COLORADO 

The  first  district  act  was  passed  April  12,  1901.  The  latest  com- 
plete enactment  came  in  1921  as  a  result  of  the  efforts  of  the  irri- 
gation district  finance  commission,  which  had  been  created  in  1919  to 
examine  into  the  causes  of  success  or  failure  of  Colorado  districts 
with  a  view  to  recommending  means  for  preventing  further  failures. 

Early  development  in  Colorado  was  generally  conservative  and 
dealt  largely  with  the  extension  and  improvement  of  existing  sys- 
tems. It  was  not  until  1907  that  the  formation  of  irrigation  dis- 
tricts for  new  development  began  to  take  place  on  any  considerable 
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scale.  About  that  year,  however,  when  interest  in  irrigation  was 
becoming  widespread  and  was  attracting  an  increasing  amount  of 
attention  from  eastern  investors,  it  began  to  appear  that  large  profits 
might  be  made  through  the  reclamation  of  areas  on  the  plains  east 
of  the  Kocky  Mountains.  Sufficient  time  had  elapsed  since  the  early 
California  failures  to  lessen  the  prejudice  against  irrigation-district 
bonds,  and  Carey  Act  bonds  in  the  meantime  had  been  selling  well, 
so  that,  with  the  recovery  from  the  financial  stringency  of  1907,  it 
became  possible  to  market  such  securities  with  comparative  ease. 
Therefore,  with  no  control  on  the  part  of  any  State  official  to  act 
as  a  check,  the  allurements  of  large  returns  visualized  by  promoters, 
bond  dealers,  and  landowners  led  during  the  next  few  years  to  the 
rapid  organization  of  irrigation  districts  and  to  the  issuance  of 
bonds  and  expenditure  of  the  proceeds — in  many  cases  without  ade- 
quate water-supply  and  engineering  investigations.  Some  projects 
were  fraudulently  financed  and  constructed;  others  were  entirely 
honest;  but  the  general  tendency  of  the  times  was  to  overestimate 
available  water  supplies,  and  it  is  this  feature  that  has  led  to  most 
of  the  troubles  from  which  districts  formed  at  that  time  have 
suffered. 

Finally,  in  1912  and  1913,  following  the  default  of  interest  on 
bonds  of  several  districts  and  the  failure  of  an  eastern  bond  house 
which  had  been  financing  Carey  Act  and  district  enterprises,  it  be- 
came impossible  to  dispose  of  further  district  bonds.  New  develop- 
ment by  irrigation  districts  ceased  in  1913  and  was  not  renewed  until 
about  1922.  Four  districts  have  been  organized  and  one  reorganized 
under  the  1921  law,  and  very  little  new  activity  is  planned  for  at 
least  the  immediate  future. 

All  district  activity  after  1907  was  not  by  any  means  concerned 
with  speculation.  Several  of  the  most  successful  districts  in  the 
State  were  organized  during  that  period,  and  other  thoroughly  com- 
mendable projects  were  proposed  but  were  unable  to  sell  bonds. 
Over  against  the  failures  of  this  period  of  speculation,  with  their 
unfortunate  effect  upon  legitimate  irrigation-district  development 
in  Colorado  and  other  States,  must  be  set  the  records  made  by  many 
very  successful  districts  in  Colorado  which  have  accomplished  much 
in  the  way  of  reconstructing  and  extending  irrigation  systems  and 
in  providing  additional  water  supplies  for  the  irrigation  of  late- 
season  crops.  It  is  not  questioned  in  Colorado  that  the  irrigation 
district  has  proved  well  adapted  to,  this  form  of  development. 

Most  of  the  irrigation  districts  in  Colorado  are  found  in  the  valleys 
of  the  South  Platte,  the  Arkansas,  the  Rio  Grande,  and  the  Colorado 
Rivers  (formerly  known  as  the  Grand  River),  the  largest  number 
having  been  formed  in  South  Platte  Valley.  A  few  distriets  were 
located  in  other  portions  of  eastern  Colorado  and  in  the  extreme 
northwestern  and  southwestern  parts  of  the  State. 

IDAHO 

The  first  irrigation  district  act  was  passed  March  9,  1895,  and  the* 
latest  complete  enactment  is  found  in  the  Idaho  Compiled  Statutes 
of  1919.  Development  did  not  begin  until  1900  but  has  been  fairly 
steady  since  then,  except  that  the  years  1920  and  1923  showed  a 
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large  number  of  new  organizations  and  that  there  were  no  new  ones 
in  1927  and  1928. 

During  the  first  decade  of  the  present  century,  which  was  a  period 
of  great  activity  along  all  lines  of  irrigation  development  in  the 
West,  comparatively  few  irrigation  districts  were  organized  in 
Idaho,  and  they  were  essentially  conservative  enterprises.  At  the 
same  time  Oirey  Act  projects  were  being  initiated  on  a  large  scale 
and  the  widespread  interest  they  created,  coupled  with  the  fact  that 
conditions  were  not  quite  ripe  for  financing  irrigation  districts, 
caused  the  idea  of  new  development  by  means  of  districts  to  be  lost 
sight  of  temporarily.  The  type  of  early  district  development  is 
shown  by  the  fact  that  11  of  the  first  13  irrigation  districts  were 
designed"  to  take  over  the  ownership  and  operation  of  existing  irri- 
gation works  and  that  these  11  districts  are  to-day  and  always  have 
ibeen  among  the  soundest,  financially,  in  the  entire  West. 

About  the  year  1909,  which  marked  the  height  of  similar  activity 
in  Colorado,  irrigation  districts  in  Idaho  began  to  share  the  atten- 
tion of  promoters,  with  the  result  that  3  of  the  4  districts  formed 
in  that  year  and  11  of  the  20  districts  organized  from  1909  to  1913, 
inclusive,  were  connected  with  the  development  of  entirely  new  proj- 
ects. Since  1913  there  has  been  proportionately  less  activity  of  this 
type,  for  most  of  the  districts  formed  have  had  in  view  either  the 
taking  over  and  operation  of  existing  projects  or  the  construction 
of  storage  reservoirs  to  supplement  water  supplies  for  areas  at  least 
partly  developed. 

The  great  majority  of  districts  lie  in  the  Snake  River  Valley  from 
St.  Anthony,  in  Fremont  County,  to  Weiser,  in  Washington  County. 
This,  of  course,  is  the  area  susceptible  of  most  extensive  community 
development.  Other  districts  are  located  in  the  valleys  tributary 
to  Snake  River,  and  still  others  in  the  extreme  southeastern  and 
northwestern  parts  of  the  State. 

Ten  years  ago  Idaho  districts  had  a  better  group  record  in  meet- 
ing obligations  than  they  have  now.  That  is,  while  the  proportion 
of  outstanding  bonds  on  which  all  payments  had  been  made  as  due 
was  smaller  in  1918  than  in  1928,  the  proportion  of  districts  in  good 
standing  in  1918  was  considerably  larger.  There  had  been  several 
glaring  failures,  involving  large  bond  issues,  before  the  war,  particu- 
larly among  the  districts  formed  for  new  development,  but  they 
were  exceptional;  likewise,  relatively  few  cases  of  default  have 
occurred  since  the  war  in  connection  with  districts  financed  before 
1918.  Most  of  the  trouble  that  has  developed  since  then  has  been 
in  connection  with  the  postwar  financing.  The  fact  that  the  larger 
part  of  these  bonds  had  been  certified  by  the  State  lent  impetus  to 
the  movement  which  resulted  in  repeal  of  the  certification  act  in  1929. 

Of  the  districts  financed  since  the  war  which  are  not  now  in  good 
standing,  most  were  formed  for  principally  supplemental  develop- 
ment. This  is  a  reversal  of  the  situation  existing  in  1921,  at  which 
time  cases  of  failure  to  meet  obligations  on  the  part  of  such  districts 
were  rare. 

The  organization  and  financing  of  American  Falls  Reservoir  dis- 
trict, and  the  construction  of  American  Falls  Dam  by  the  Bureau 
of  Reclamation  under  contracts  with  this  and  other  districts,  con- 
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stitute  an  important  development  in  the  field  of  providing  storage 
water  for  groups  of  communities.  American  Falls  Keservoir  district 
includes  420,453  acres,  of  which  388,634  acres  are  assessed,  and  has 
sold  bonds  amounting  to  $2,584,000  to  finance  its  proportional  part 
of  the  cost  of  construction.  All  of  the  district's  allotment  of  water 
is  delivered  to  users  through  other  organized  enterprises,  the  area 
thus  irrigated  in  1928  being  380,000  acres.  This  district  was  formed 
under  the  irrigation  district  law  of  Idaho,  and  data  concerning  it 
are  therefore  included  in  the  totals  in  the  various  tables  for  Idaho. 

KANSAS 

Although  Kansas  has  had  an  irrigation-district  law  since  March 
10,  1891,  no  district,  so  far  as  could  be  ascertained,  has  ever  been 
formed  in  the  State.  All  the  larger  irrigation  projects  had  been 
constructed  and  put  into  operation  before  the  law  was  enacted,  and 
development  since  that  time  has  been  carried  on  largely  by  indi- 
viduals. The  lack  of  interest  in  this  subject  is  reflected  in  the  com- 
position of  the  irrigation-district  law,  which  was  passed  at  a  time 
when  legislation  affecting  districts  was  in  its  infancy,  and  which 
until  recently  has  been  practically  unchanged.  Amendments  were 
made  at  the  1929  session  of  the  legislature,  however,  and  a  movement 
is  reported  to  be  on  foot  to  organize  a  district  in  order  to  take  over 
a  small  privately  owned  canal  in  the  western  part  of  the  State. 

MONTANA 

Montana's  first  irrigation-district  law  was  approved  March  4, 
1907.  Two  years  later  a  new  law  was  substituted  which,  as  amended, 
is  in  force  to-day  and  which  is  found  in  the  revised  codes  of  1921. 
An  alternative  method  of  organization  and  government  under  State 
supervision  was  provided  in  1919  for  such  districts  as  should  elect 
to  come  within  the  provisions  of  the  irrigation-commission  act,  but 
this  was  repealed  except  as  to  existing  districts  in  1929. 

Prior  to  1921  development  actually  financed  had  been  almost 
entirely  concerned  with  improving  and  enlarging  existing  irrigation 
systems.  Since  then  the  number  of  districts  that  have  sold  bonds 
for  entirely  new  construction  has  been  larger,  and  the  amount  of 
bonds  sold  for  such  purposes  nearly  twice  as  large,  as  for  supple- 
mental development.  General  interest  in  irrigation  in  Montana  has 
been  rather  spasmodic  and  has  resulted  from  the  effects  of  a  series 
of  droughts  upon  dry-farming  communities  of  the  State.  This  helps 
to  explain  the  fact  that  nearly  half  of  all  districts  organized  to  date 
were  formed  in  the  two  years  1919  and  1920  after  a  series  of  three 
dry  summers.  Interest  in  irrigation  is  apt  to  lag  in  times  of  high 
market  prices  for  grain.  On  the  whole  the  most  sustained  demand 
for  irrigation- district  development  has  come  from  those  sections  of 
the  State  where  farming  under  irrigation  has  been  carried  on  for 
a  considerable  time. 

Most  of  the  earlier  Montana  districts  were  conservative  enterprises 
formed  in  response  to  a  real  demand  for  the  district  type  of  organ- 
ization, cind  in  the  main  these  districts  have  been  successful.  A  few 
have  encountered  financial  difficulties  resulting  partly  from  expan- 
sion during  the  war  boom  and  partly  from  insufficient  reserve  to 
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withstand  the  post-war  depression,  but  most  of  those  capitalized  prin- 
cipally on  a  pre-war  basis  are  in  good  standing.  On  the  other 
hand,  a  number  of  the  districts  financed  during  and  immediately 
after  the  war  are  not  in  good  financial  standing,  and  of  nearly  a 
million  dollars'  worth  of  bonds  sold  by  12  districts  in  the  years  1919 
to  1921,  inclusive,  less  than  10  per  cent  have  been  paid  in  full  as  due. 
Of  sales  since  1921,  more  than  three-fourths  are  in  good  standing. 

One  result  of  the  large  interest  in  irrigation  immediately  follow- 
ing the  war  was  the  passage  of  the  1919  act  creating  the  Montana 
Irrigation  Commission,  with  personnel  the  same  as  that  of  the  board 
of  railroad  commissioners  and  with  authority  to  encourage  and 
supervise  the  organization,  planning,  and  financing  of  irrigation 
districts.  This  act  did  not  supplant  the  existing  law  but  provided 
an  alternative  plan.  Districts  formed  under  the  older  law  could 
elect  to  operate  under  the  commission  law.  Some  24  projects  were 
investigated  by  the  commission,  of  which  10  were  organized  as  dis- 
tricts. Results  were  generally  unsatisfactory,  for  only  one  of  these 
is  in  full  operation  and  interest  is  delinquent  on  bonds  of  the  three 
districts  which  issued  them.  As  before  stated,  the  law  was  repealed 
in  1929. 

Districts  are  scattered  over  many  parts  of  the  State,  a  large  pro- 
portion, however,  being  found  in  Yellowstone  Valley. 

NEBRASKA 

Although  the  seventh  State  in  point  of  time  to  pass  an  irrigation- 
district  statute,  Nebraska  was  the  third  to  witness  the  actual  forma- 
tion of  districts  and  was  practically  the  only  State  in  which  districts 
were  being  organized  in  the  last  five  years  of  the  nineteenth  century. 
Following  a  series  of  disastrous  droughts  during  the  early  nineties, 
the  irrigation-district  law  was  approved  March  26,  1895,  practically 
contemporaneously  with  an  irrigation  code,  both  as  the  outcome  of 
insistent  demands  upon  the  part  of  farmers  in  the  western  part  of 
the  State.  Interest  was  immediate  and  widespread,  with  the  result 
that  18  districts  were  organized  in  the  four  years  following  the 
passage  of  the  act.  But  with  the  return  of  favorable  growing  sea- 
sons in  1898  and  succeeding  years,  interest  began  to  wane,  particu- 
larly in  the  easternmost  areas,  so  that  9  of  the  18  districts  organized 
up  to  that  time  were  soon  abandoned.  Although  the  marked  effect 
of  wet  and  dry  years  upon  district  history  in  Nebraska  has  continued, 
nearly  all  of  the  districts  formed  since  1900  are  active  to-day.  The 
latest  complete  district  law  is  found  in  the  compiled  statutes  of  1922. 

Most  of  the  operating  districts  lie  in  the  North  Platte  Valley 
from  the  Wyoming  State  line  to  the  city  of  North  Platte  and  depend 
for  their  water  supply  upon  the  North  Platte  River  and  two  northern 
tributaries.  The  other  districts  are  on  White  River,  Lodge  Pole 
Creek,  and  on  South  Platte  and  Republican  Rivers.  Most  of  the 
districts  now  inactive  were  located  along  Platte  River  and  in  the 
Loup  River  drainage  basin. 

The  geographical  position  of  Nebraska  on  the  border  line  between 
the  humid  and  semiarid  regions  of  the  United  States  has  had  much 
to  do  with  the  character  of  irrigation-district  activity  in  the  State. 
The  influence  of  droughts  upon  early  district  activity  has  already 
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been  pointed  out.  Since  1900  the  recurrence  of  seasons  unfavorable 
for  dry  farming  has  not  stimulated  to  any  extent  the  formation  of 
districts  for  new  development.  But  due  to  the  fact  that  irrigation 
in  some  years  is  not  necessary  to  the  successful  production  of  crops^ 
many  farmers  accustomed  to  use  water  only  in  dry  years  refused  to 
pay  assessments  to  the  canal  companies  in  seasons  when  water  was 
not  needed,  with  the  result  that  the  finances  of  the  companies  suffered 
severely.  This  situation  led  directly  to  the  formation  of  irrigation 
districts  to  take  over  the  canal  companies  and  by  the  use  of  their 
taxing  power  to  compel  the  payment  of  assessments  in  every  season. 
The  districts  so  formed  have  been  more  successful  than  were  the 
companies  they  replaced.  The  districts  often  bought  out  these 
systems  at  cost  or  less  than  cost,  so  that  there  were  no  large  promo- 
tion profits  to  be  absorbed.  The  district  enterprises  for  the  most 
part  are  small,  there  being  only  one  in  operation  covering  more  than 
15,000  acres,  aside  from  the  districts  formed  to  operate  portions  of 
the  North  Platte  project.  Engineering  problems  of  the  smaller  dis- 
tricts have  generally  not  been  complicated,  the  supply  of  water  has 
usually  sufficed  for  the  amount  of  land  to  be  irrigated  in  an  average 
season,  and  maintenance  expenses  as  a  rule  have  not  been  high. 

As  a  consequence  of  these  favorable  circumstances  nearly  all  the 
smaller  districts  made  their  bond  payments  regularlj^  A  number 
of  districts  have  been  handicapped  by  accumulation  of  delinquencies 
not  altogether  unavoidable,  in  payment  of  assessments.  As  a  result 
some  have  issued  bonds  to  take  up  outstanding  warrants  necessitated 
by  the  delinquencies,  while  a  number  have  adopted  the  plan  of  re- 
fusing water  service  to  users  more  than  two  years  in  arrears,  with 
beneficial  results.  One  of  the  large  districts  had  made  adjustments 
of  indebtedness  at  an  appreciable  loss  to  creditors,  which  consider- 
ably reduced  the  average  record  for  Nebraska,  and  three  small  ones 
have  not  maintained  their  standing.  On  the  other  hand,  of  the  27 
operating  districts  that  have  incurred  bonded  indebtedness,  IT  of  the 
older  ones  have  been  reducing  their  bond  principal  solely  through 
payment  of  assessments,  7  of  these  having  completely  paid  out  by 
the  end  of  1928. 

NEVADA 

The  first  irrigation  district  act  was  passed  March  23,  1891,  and 
the  latest  complete  enactment  was  in  1919.  Activity  has  been  con- 
fined to  comparatively  recent  years  and  has  never  been  extensive. 
There  are  two  districts  in  operation,  one  of  which  operates  the  New- 
lands  project  and  the  other  covers  a  large  area  on  Walker  Kiver. 
Another  district  in  Lovelock  Valley  has  plans  completed  in  antici- 
pation of  improvement  in  the  bond  market.  All  districts  organized 
have  been  designed  to  include  partly  irrigated  areas. 

NEW   MEXICO 

The  first  law  was  enacted  March  18,  1909.  In  1919  two  separate 
acts  were  passed,  one  relating  to  irrigation  districts  not  cooperating 
with  the  United  States  and  the  other  to  districts  formed  for  the 
purpose  of  such  cooperation.  Both  acts  are  found  in  the  1929  com- 
pilation of  the  New  Mexico  statutes. 


IKRIGATIOl!^    DISTRICTS  85 

There  has  been  no  period  of  great  activity  along  irrigation  dis- 
trict lines  in  New  Mexico.  The  two  earliest  districts  were  aban- 
doned without  material  accomplishment.  Six  are  active  at  present, 
one  having  been  formed  to  succeed  the  water  users'  association  on 
the  New  Mexico  portion  of  Eio  Grande  project  and  eventually  to 
operate  the  project,  and  the  others  mainly  to  take  over  and  extend 
existing  irrigation  systems.  The  latter  districts  have  issued  bonds 
which  are  in  good  standing  in  three  of  the  five  cases. 

The  1923  legislature  passed  a  conservancy  act  under  which  the 
middle  Kio  Grande  conservancy  district  was  organized.  The  dis- 
trict includes  a  total  benefited  area  of  126,517  acres,  of  which 
123,267  acres,  lying  along  the  Rio  Grande  between  Cochiti  and  San 
Marcial,  are  irrigable.  The  plan  of  improvement  includes  flood 
control  and  river  improvement  works,  a  coordinated  system  of  irri- 
gation, drainage  works,  and  a  stabilizing  reservoir,  at  a  total  esti- 
mated cost  of  over  $10,000,000  (4).  Bonds  amounting  to  $2,000,000 
were  sold  in  1929.  Data  on  this  district  are  not  included  in  the  pre- 
ceding tables. 

New  Mexico  also  has  an  electrical-district  act,  passed  in  1929. 


NORTH    DAKOTA 


In  this  State,  the  most  recent  one  to  enact  irrigation-district  legis- 
lation, the  law  was  passed  March  8,  1917.  Only  two  districts  have 
been  formed,  both  in  connection  with  Federal  reclamation  projects. 
The  district  which  covers  the  North  Dakota  portion  of  lower  Yellow- 
stone project  has  not  yet  taken  over  the  operation  of  the  irrigation 
system.  The  one  on  Williston  project  has  a  quitclaim  deed  for  the 
irrigation  system,  following  abandonment  of  the  project  by  the 
Bureau  of  Reclamation,  and  has  tried  to  use  it  but  without  encourag- 
ing results.    At  present  the  district  is  inactive. 


OKLAHOMA 


The  Oklahoma  statute  was  passed  March  29,  1915.  The  only  dis- 
trict yet  organized  was  formed  in  connection  with  the  proposed 
construction  of  Lawton  project  by  the  Bureau  of  Reclamation  in 
1917.  Construction  was  deferred,  however,  owing  to  the  establish- 
ment of  a  military  post  at  Fort  Sill  and  the  need  there  for  all  avail- 
able water,  and  has  not  been  resumed,  so  that  the  district  is  inactive. 
Oklahoma  also  has  a  conservancy  district  law,  but  there  had  been 
no  development  under  it  to  the  end  of  1928.  The  conservation  com- 
mission at  that  time  had  before  it  applications  for  the  formation 
of  districts  to  be  financed  by  bond  issues. 


OBBQON 


The  irrigation-district  law  of  Oregon  was  passed  February  20, 
1895,  the  latest  complete  enactment  having  been  in  1917.  Little  de- 
velopment took  place  for  some  years  after  the  passage  of  the  first 
act.  Beginning  with  1904,  however,  there  have  been  three  distinct 
periods  of  activity,  namely,  1904  to  1906,  1910  to  1913,  and  1915  to 
1922.    By  far  the  most  pronounced  activity  was  in  the  third  period. 

The  State  took  an  active  interest  in  irrigation  development  both 
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during  and  after  the  war.  The  policy  of  advancing  money  to  pay 
interest  on  bonds  for  the  first  five  years  and  the  unfortunate  results 
of  that  policy  have  been  discussed  heretofore  under  Investment  of 
State  Funds  in  Irrigation-District  Securities  (p.  54).  Of  the  dis- 
tricts in  default,  those  to  which  the  State  had  advanced  interest 
constitute  two-thirds  of  the  total,  while  their  bonds  are  nine-tenths 
of  the  total ;  hence,  the  statement  of  results  of  that  policy  tells  nearly 
the  whole  story  of  the  unsuccessful  districts  in  Oregon.  Against 
this  record  should  be  cited  that  of  a  larger  number  of  districts,  with 
smaller  aggregate  bond  issues,  which  have  been  paying  their  obliga- 
tions as  due.  A  considerable  proportion  of  the  development  proposed 
immediately  after  the  war  was  not  carried  out,  mainly  because  of 
inability  to  sell  bonds. 

With  a  few  scattering  exceptions,  the  Oregon  districts  fall  into 
six  general  groups:  (1)  Hood  Kiver  Valley;  (2)  Umatilla  and 
Columbia  Kiver  Valleys;  (3)  the  inland  plateau;  (4)  Eogue  River 
Valley;  (5)  Klamath  Valley;  and  (6)  Snake  Eiver,  Malheur,  and 
smaller  tributary  valleys.  The  last-named  area  has  been  the  scene 
of  several  attempts  to  provide  for  irrigation  on  an  extensive  scale, 
only  one  of  w^hich  has  been  accomplished.  District  development  in 
this  area  is  closely  associated  with  that  on  the  Idaho  side  of  that 
portion  of  Snake  River  Valley  involving  cooperation  and  the  use 
of  common  water  and  power  supplies  by  districts  on  both  sides  of 
the  State  line. 

SOUTH  DAKOTA 

The  district  law  was  enacted  March  2,  1917.  One  district  haa 
been  organized  in  connection  with  Belle  Fourche  project  but  has 
not  yet  taken  over  operation  of  the  irrigation  system. 


Texas  first  provided  for  the  creation  of  irrigation  districts  on 
April  15,  1905.  The  law  has  been  twice  completely  reenacted,  the 
latest  revision,  which  appears  in  the  revised  civil  statutes  of  1925, 
having  been  in  1917.  In  this  revision  the  designation  of  such  districts 
was  changed  from  irrigation  to  water  improvement.  In  1925  the 
legislature  provided  for  water  control  and  improvement  districts, 
with  broader  powers  than  those  of  water-improvement  districts,  and 
in  1927  and  1929  broadened  their  powers  further.  Many  water-im- 
provement districts  have  become  water  control  and  improvement 
districts.  The  discussion  herein  refers  to  both  types  unless  reference 
to  one  or  the  other  is  made  specifically. 

Texas  is  one  of  the  few  States  in  which  interest  in  district  devel- 
opment is  still  very  strong.  By  far  the  largest  group  of  districts 
in  the  State  is  in  the  lower  Rio  Grande  Valley.  The  older  systems 
in  this  region  were  originally  built  independently  of  each  other, 
as  parts  of  land-selling  enterprises,  but  without  specific  provision  for 
turning  the  systems  over  to  the  settlers.  However,  after  a  few  years 
of  operation  a  number  of  the  irrigation  companies  became  finan- 
cially involved  and  were  taken  over  by  the  settlers  through  the 
medium  of  irrigation-district  organizations,  and  at  present  most 
of  the  irrigation  development  in  the  lower  valley  is  under  the  dis- 
trict form  of  organization.     The  last  two  large  commercial  irri- 
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gation  companies  were  in  process  of  transfer  to  districts  in  the  sum- 
mer of  1929. 

The  districts  that  took  over  these  commercial  systems  almost  inva- 
riably made  extensive  improvements  and  enlargements,  and  much 
of  their  more  recent  financing  has  been  devoted  to  lining  canals, 
installing  drainage  systems,  and  replacing  obsolete  or_  worn-out 
pumping  equipment.  With  a  few  exceptions,  notably  in  case  of 
districts  formed  to  take  over  the  Mission  and  Mercedes  systems, 
those  formed  within  the  last  few  years  have  been  for  new  develop- 
ment. Much  of  this  new  activit}^  involves  the  setting  out  and  care 
of  citrus  orchards  by  development  companies  for  terms  of  three  or 
four  years  under  contracts  of  sale  to  individuals.  A  number  of 
these  recently  organized  projects  propose  bond  issues  of  approxi- 
mately $100  per  acre.  Approval  of  the  State  board  of  water  engi- 
neers in  certain  cases  has  been  made  contingent  upon  storing  storm 
or  flood  water  pumped  from  the  Kio  Grande. 

Another  important  group  of  districts  lies  in  Pecos  Valley  and 
tributary  valleys  in  Ward,  Keeves,  and  Pecos  Counties.  These  dis- 
tricts were  all  organized  to  take  over  going  concerns  and  generally 
to  improve  them  and  to  provide  additional  water  by  storage.  The 
Red  Bluff  water  improvement  district,  essentially  a  superdistrict 
(p.  59),  was  formed  in  1928  to  contract  with  the  tjnited  States  for 
construction  of  a  storage  reservoir  on  the  Pecos  River  in  order  to 
provide  a  supplemental  water  supply  for  seven  major  subsidiary 
projects,  five  of  which  are  already  organized  water-improvement 
districts.    Preliminary  investigations  were  in  progress  in  1929. 

There  are  several  other  districts  in  full  operation  at  widely  scat- 
tered points  in  the  State,  of  which  those  in  Wichita  County  have 
brought  the  largest  area  under  irrigation.  A  number  of  others  are 
in  various  preliminary  stages. 

Most  of  the  Texas  districts  have  made  their  payments  of  bond 
interest  and  principal  as  due.  Of  the  three  districts  not  in  good 
standing,  the  present  outlook  in  two  cases  is  favorable  for  eventual 
payment  in  full. 

Water  control  and  improvement  districts,  in  addition  to  the  usual 
powers  of  irrigation  districts,  may  provide  for  the  development  of 
forests  and  other  natural  resources  and  for  the  navigation  of  coastal 
and  inland  waters.  They  may  regulate  residence,  recreational,  and 
business  privileges  upon  any  stream  or  body  of  land  controlled  by 
the  district  and  may  employ  their  own  peace  officers.  Two  districts 
are  planning  to  develop  lakes  for  recreational  purposes  as  integral 
parts  of  their  main  plans,  but  most  of  those  organized  to  the  end 
of  1928  were  concerned  wholly  with  irrigation  and  drainage.  An 
amendment  to  the  law  in  1929  provided  for  the  formation  of  master 
districts  for  the  correlation  and  control  of  improvements  upon  en- 
tire stream  systems,  or  to  enable  constituent  districts  to  pool  their 
resources.  The  whole  of  the  watershed  of  the  Brazos  River  was 
included  in  a  district  created  by  the  legislature  in  1929  embracing 
about  30,000.000  acres. 

UTAH 

Mention  has  been  made  of  the  early  Utah  districts.  The  last  of 
the  early  district  laws  was  repealed  "in  1898,  and  it  was  not  until 
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March  22,  1909,  that  a  law  based  upon  the  Wright  Act  was  passed; 
this  law  was  completely  revised  in  1919. 

The  law  of  1909  was  enacted  at  a  time  of  widespread  district  ac- 
tivity in  the  Kocky  Mountain  States  and  resulted  in  the  rapid  or- 
ganization of  districts  in  Uintah  Basin.  Very  little  real  develop- 
ment was  accomplished  at  this  time,  however,  and  there  was  no 
further  activity  until  1917.  The  years  1920  and  1921  saw  consider- 
able interest  in  irrigation  district  organization,  all  districts  proposed 
having  been  intended  to  provide  for  the  further  development  of 
communities  already  partly  supplied  with  water.  Many  of  these 
proposals  were  not  carried  out.  The  greater  part  of  the  district 
activity  has  been  centered  in  Cache  Valley,  Salt  Lake  Valley  in 
Weber  and  Davis  Counties,  Utah  Valley,  and  Uintah  Basin. 

Four  districts  sold  bonds  before  the  war  and  four  afterwards. 
Two  of  the  early  districts  have  made  all  payments  as  due,  while  two 
have  been  in  default  for  many  years  and  are  almost  wholly  aban- 
doned. One  of  those  financed  after  the  war  recalled  all  bonds 
shortl}^  after  issuance  and  a  mutual  company  was  substituted  for 
the  district,  while  the  other  three  are  in  default  to  greater  or  less 
extent.  In  two  of  these  cases  plans  of  reorganization  have  been 
discussed,  but  not  yet  consummated. 

WASHINGTON 

With  its  enactment  of  March  20,  1890,  Washington  was  the  first 
State  to  follow  California  in  authorizing  the  creation  of  irrigation 
districts.  The  law  then  passed  was  nearly  identical  with  the  Wright 
Act,  but  included  also  the  amendatory  and  supplemental  California 
acts  of  1889.  The  latest  codification  of  irrigation-district  laws  was 
in  1922. 

The  early  history  of  irrigation  districts  in  Washington  paralleled 
to  a  certain  extent  that  of  California,  although  the  experience  in 
Washington  was  neither  so  extensive  nor  so  disastrous  as  that  in 
California.  District  development  occurred  only  in  these  two  States 
in  the  early  nineties,  was  affected  by  the  financial  panic  of  1893, 
ceased  in  both  States  at  about  the  same  time,  and  was  revived  almost 
simultaneously  a  decade  and  a  half  later. 

Little  was  accomplished  by  the  early  districts.  Interest  was 
revived  in  1911  and  has  since  been  continuous,  the  greatest  activity 
having  occurred  in  1917  and  1920.  The  Washington  districts  fall 
mainly  into  the  following  five  groups:  (1)  Puget  Sound  region; 
(2)  Okanogan,  Methow,  Columbia,  Wenatchee,  and  tributary  valleys 
in  Okanogan,  Chelan,  and  Douglas  Counties;  (3)  Yakima  and 
Columbia  River  Valleys  from  Kittitas  County  to  Walla  Walla 
County;  (4)  Walla  Walla  Valley;  and  (5)  Spokane  Valley.  Much 
of  the  extensive  development  in  Yakima  Valley  has  been  closely 
identified  with  the  activities  of  the  United  States  Bureau  of  Reclama- 
tion on  Yakima  River. 

Of  the  76  districts  which  had  sold  bonds  to  the  end  of  1928,  60 
had  made  all  payments  as  due;  of  the  62  operating  districts  which 
had  sold  bonds,  2  had  redeemed  their  entire  issues  and  52  of  the 
remaining  60  were  making  payments  as  due. 

Two  of  the  15  districts  which  had  not  made  all  payments  as  due 
were  pre-war  enterprises,  one  a  district  financed  in  the  nineties,  and 
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both  have  compromised  their  indebtedness.  The  other  13  sold  the 
larger  part  of  their  bonds  either  during  or  within  the  first  few 
years  following  the  war,  and  the  present  outlook  is  that  most  or  all  of 
such  issues  will  be  compromised  at  a  loss  to  bondholders.  Eight  of 
these  are  going  concerns,  and  the  prospect  of  recovering  a  substantial 
part  of  the  investment  in  such  cases  is  considerable,  but  several  others 
have  been  practically  abandoned.  The  State  of  Washington  is 
financially  interested  in  6  of  these  15  districts  through  having  pur- 
chased their  bonds,  as  discussed  heretofore  under  Investment  of 
State  Funds  in  Irrigation-District  Securities  (p.  — ),  and  is  actively 
concerned  with  plans  of  reorganization  in  cases  where  it  is  a  heavy 
bondholder. 

There  are  many  small  operating  districts  in  Washington.  A 
number  of  those  in  Spokane  and  Walla  Walla  Valleys  and  in  several 
other  parts  of  the  State  are  suburban  enterprises  in  which  farming 
is  not  necessarily  the  chief  occupation  and  the  cost  of  water  not  an 
item  of  major  importance.  Only  one  fully  operating  district  con- 
tains more  than  13,000  acres,  and  that  district  has  a  water  supply 
for  only  a  small  part  of  its  organized  area.  Many  of  these  are 
fruit-growing  enterprises  with  relatively  high  bonded  debts  per 
acre.  Much  development  in  large  districts — some  of  them  very 
large — that  was  proposed  during  the  war  boom  was  never  carried 
to  completion. 

WYOMING 

The  irrigation-district  law  was  first  enacted  February  19,  1907, 
and  was  completely  revised  in  1920.  Early  activity  practically  ceased 
in  1911  with  the  collapse  of  the  bond  market  and  was  not  revived 
until  1920.  It  has  continued  since  then  to  the  present  time,  with 
one  to  three  districts  organized  each  year. 

Only  two  of  the  seven  early  districts  were  operating  in  1929.  One 
took  over  a  Carey  Act  project  and  sold  bonds  to  retire  indebtedness 
of  the  former  company  and  to  finance  additional  improvements,  all 
of  which  it  has  redeemed.  The  other  encountered  financial  difficulties 
at  the  start,  has  paid  little  of  its  indebtedness,  and  is  in  course  of 
financial  reorganization. 

Thirteen  of  the  15  districts  organized  since  the  war  were  active, 
10  being  in  operation.  Of  these  10,  3  operated  divisions  or  subdivi- 
sions of  Federal  reclamation  projects,  6  have  been  financed  by  the 
State,  and  1  has  taken  over  the  system  of  a  Carey  Act  project  for 
the  completion  of  which  it  has  recently  voted  bonds.  Two  of  the 
districts  in  preliminary  stages  are  on  Federal  reclamation  projects. 
The  prevailing  purpose  of  district  organization  since  the  war  has 
been  to  assume  or  refund  the  indebtedness  of  existing  communities 
and  in  some  cases  to  complete  or  extend  the  irrigation  systems.  All 
irrigation  district  bonds  sold  since  the  war  have  been  purchased  by 
the  State,  as  discussed  under  Investment  of  State  Funds  in  Irriga- 
tion-District Securities  (p.  54).  Lands  in  these  bonded  districts 
are  devoted  mainly  to  production  of  hay,  small  grains,  and  legumes, 
with  potatoes  and  sugar  beets  in  some  cases.  Their  indebtedness 
for  irrigation  purposes  ranges  from  $2  or  $3  to  about  $13  per  acre. 
All  had  made  payments  of  interest  in  full  up  to  1929.  No  payments 
of  principal  had  yet  fallen  due. 
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SUMMARY 

The  irrigation  district  is  a  public,  cooperative  organization,  the 
purpose  of  which  is  to  provide  water  for  irrigation  and  to  assess 
the  lands  benefited  in  order  to  pay  the  costs. 

Irrigation  districts  are  organized  under  specific  statutes  of  the 
IT  Western  States.  The  Wright  Act  of  California,  upon  which  the 
other  statutes  were  based,  was  passed  in  1887. 

Throughout  the  44  years  of  its  history  the  irrigation  district 
has  occupied  an  increasingly  important  place  in  western  irrigation 
affairs.  In  many  sections  of  the  West  the  district  is  now  the  domi- 
nant type  of  irrigation  organization.  At  the  end  of  1928,  801  irri- 
gation districts  had  been  formed,  of  which  407  were  then  operating, 
10  under  construction,  82  in  preliminary  stages,  and  302  inactive. 
The  499  active  districts  included  10,311,098  irrigable  acres,  of  which 
6,908,277  acres  were  in  operating  districts.  Approximately  4,060,600 
acres  in  operating  districts  received  water  in  1928  from  district- 
operated  systems. 

The  district  movement  has  encountered  many  vicissitudes.  On 
the  one  hand,  it  has  been  exploited  for  the  gain  of  individuals  and 
has  been  used  both  honestly  and  dishonestly  for  the  furtherance  of 
developments  which  subsequently  proved  to  be  unsound.  On  the 
other  hand,  it  has  led  in  whole  or  in  part  to  the  establishment  of 
many  important  agricultural  communities  and  to  the  improvement 
of  many  others. 

On  the  whole,  the  district  has  proved  better  adapted  to  the 
improvement  and  extension  of  existing  communities  than  to  entirely 
new  irrigation  development.  This  is  true,  mainly,  because  of  the 
greater  ability  of  established  or  partly  established  communities  to 
begin  paying  capital  irrigation  charges  within  the  first  few  years 
after  financing  the  improvement. 

Irrigation-district  bonds  aggregating  $224,843,197  had  been  sold 
to  the  end  of  1928.  Of  this  amount  71  per  cent  were  then  in  good 
standing ;  that  is,  all  payments  of  principal  and  interest  so  far  due 
had  been  made  in  full.  This  percentage  is  the  same  as  it  was  at 
the  end  of  1921  for  bonds  sold  to  that  time.  During  the  18  months 
from  January  1,  1929,  to  June  30,  1930,  the  development  of  fresh 
defaults  has  reduced  this  percentage  to  67  or  less. 

At  the  end  of  1928,  398  districts  were  operating,  or  had  once 
operated,  systems  financed  from  the  sale  of  bonds,  258  of  these,  or 
65  per  cent,  having  maintained  perfect  records  in  paying  interest 
and  principal  of  bonds.  Seventy-three  per  cent  of  the  districts 
formed  principally  for  supplemental  development  had  perfect  rec- 
ords, as  had  53  per  cent  of  those  formed  principally  for  new  develop- 
ment and  51  per  cent  organized  for  entirely  new  developments. 

The  situation  with  reference  to  bonds  sold  during  the  seven  years 
ended  with  1921  was  less  favorable  in  1928  than  in  1921,  in  as  much 
as  one-fourth  of  such  bonds  in  good  standing  in  1921  were  delin- 
quent at  the  end  of  1928  in  payment  of  interest  or  principal,  or  both. 

The  principal  reasons  the  delinquent  districts  have  failed  to  meet 
their  obligations  have  been  opposition  of  large  and  influential  land- 
owners to  district  organization,  inclusion  of  unproductive  lands,  in- 
adequacy of  water  supply,  exploitation,  engineering  difficulties,  and 
insufficient  settlement  of  the  land.    The  principal  reason  for  defaults 
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on  bonds  sold  during  the  war  period  was  insufficiency  of  reserve  to 
carry  districts  through  the  postwar  depression. 

The  successful  districts  generally  have  been  those  formed  to  take 
over  existing  systems,  to  extend  existing  systems  at  costs  which  the 
lands  could  meet,  to  improve  existing  systems  and  provide  supple- 
mental water  supplies,  to  cooperate  with  the  United  States  on  recla- 
mation projects,  and  to  build  entirely  new  systems  under  particularly 
favorable  circumstances.  The  older  successful  districts  have  had 
low  capital  and  operating  charges,  and  the  more  recent  ones  have 
had  substantial  reserves  to  tide  them  over  the  postwar  depression. 

The  revenue  of  an  irrigation  district  depends  so  largely  upon  the 
costs  and  returns  of  the  landowners'  individual  business  that  it  can 
not  remain  wholly  unaffected  by  unfavorable  economic  conditions. 
Experience  has  shown  the  necessity  for  more  extensive  determina- 
tions of  economic  feasibility  prior  to  district  financing,  and  par- 
ticularly for  the  inclusion  in  the  cost  estimates  of  a  decidedly  larger 
safety  factor  than  was  thought  necessary  10  years  ago.  Maintenance 
of  district  bond  integrity  requires  a  full  and  frank  recognition  of 
this  necessity.  The  only  apparent  alternative  is  the  calling  upon 
public  or  private  investors  to  share  in  the  cost  of  development.  Pub- 
lic subsidy  for  irrigation  is  a  controversial  matter.  The  private  in- 
vestor in  bonds  for  income  purposes  should  obviously  not  be  expected 
to  incur  a  cost  which  experience  shows  to  be  in  large  measure 
avoidable. 

The  bonding  feature  has  been  and  still  is  susceptible  of  abuse. 
Supervision  by  State  officials  over  tlie  organization  and  financing  of 
districts  has  been  of  material  influence  in  reducing  the  abuses.  Such 
supervision  may  be  made  even  more  effective  by  amplifying  the 
authority  of  the  State  officials  and  making  adequate  appropriations, 
particularly  for  determinations  of  economic  feasibility. 

Certification  of  bonds  by  the  State  has  been  authorized  by  law 
in  10  States.  In  three  States  the  certification  laws  have  been  re- 
pealed as  a  result  of  severe  criticism  of  weak  features.  Certification 
is  of  little  importance  in  district  financing  in  several  States,  but  it 
is  very  important  and  has  strong  backing  in  several  others. 

The  market  for  irrigation-district  bonds  was  active  about  1925, 
but  at  present  is  poor.  Measures  suggested  to  improve  the  standing 
of  district  bonds  involve  strengthening  the  remedies  of  bondholders 
in  case  of  default  and  giving  bondholders  the  right  to  intervene  in 
district  management  prior  to  default.  In  addition,  operating  dis- 
tricts could  create  a  favorable  impression  by  providing  from  current 
revenues  for  the  reduction  of  indebtedness  to  the  extent  justified 
by  the  productive  powers  of  their  lands,  by  cooperating  in  maintain- 
ing credit  and  in  building  up  policies  of  management,  and  by  pub- 
lishing more  extensively  the  facts  concerning  their  financial 
condition. 

Several  States  have  invested  State  funds  in  irrigation-district 
securities.  Washington,  Oregon,  and  Wyoming  have  done  this  with 
a  view  to  aiding  district  development.  The  first  two  States  have 
suffered  extensive  losses  through  such  programs,  while  all  irrigation- 
district  bonds  bought  by  the  State  of  Wyoming  are  in  good  standing. 

Many  districts  have  had  close  relations  with  the  Bureau  of  Kecla- 
mation  of  the  United  States  Department  of  the  Interior.  The  bureau 
has  financed  the  construction  of  various  districts.    The  total  indebt- 
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edness  of  irrigation  districts  to  the  United  States  provided  by  com- 
pleted and  uncompleted  construction  contracts  not  covered  by  bonds 
has  amounted  to  $139,268,669,  of  which  $17,119,220  had  been  paid 
by  June  30,  1929,  leaving  $122,149,449  then  outstanding. 

Qualifications  of  voters  at  district  elections  in  most  States,  par- 
ticularly in  elections  to  create  indebtedness,  include  property  quali- 
fications. 

District  assessments  for  cost  of  construction  or  acquisition  of  works 
are  based  in  some  States  upon  the  value  of  the  land,  are  uniform 
upon  all  lands  in  others,  are  apportioned  according  to  the  benefits 
in  still  others,  and  according  to  water  allotment  in  one  State.  The 
ad  valorem  and  benefit  methods  afford  the  greater  flexibility  in 
levying  assessments.  Assessments  for  cost  of  operation  are  some- 
times levied  on  a  basis  different  from  that  of  construction  assessments 
and  may  usually  be  supplemented  or  superseded  by  tolls  for  water. 

Distribution  of  water  is  pro  rata  to  all  lands  in  some  States, 
according  to  beneficial  use  in  others,  and  according  to  the  value  of 
the  land  as  provided  by  several  statutes.  Distribution  according  to 
land  values  is  not  followed  by  all  districts  in  States  which  provide 
for  it,  owing  to  possible  inequities  resulting  from  such  requirement. 

Power-development  programs  have  been  confined  to  relatively  few 
districts  but  are  highly  important  to  those  few.  The  largest  under- 
takings have  been  in  California,  where  the  power  investments  of 
irrigation  districts  aggregate  several  million  dollars. 

Local  improvement  districts  are  authorized  by  the  laws  of  several 
States.  The  most  extensive  use  of  local  districts  within  irrigation 
districts  has  been  in  Washington.  They  are  chiefly  useful  in  cases 
in  which  the  parent  irrigation  district  builds  and  operates  only  the 
main  canals  and  main  laterals  and  leaves  to  individuals  or  groups 
of  individuals  the  responsibility  for  constructing  and  operating 
sublaterals. 
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INTRODUCTION 

This  bulletin  is  one  of  a  series  by  the  Bureau  of  Entomology  re- 
porting life-history  studies  of  the  codling  moth  (Garpocapsa  porno- 
nella  Li.)  in  different  parts  of  the  United  States.  Bulletins  of  this 
series  ^  have  already  been  published  reporting  studies  in  Michigan, 
the  Santa  Clara  Valley  of  California,  the  central  Appalachian 
region,  Maine,  the  Ozarks  in  Arkansas,  the  Pecos  Valley  of  New 
Mexico,  the  Grand  Valley  of  Colorado,  the  Yakima  Valley  of  Wash- 
ington, Delaware,  and  northern  Georgia.  The  object  of  the  work  in 
each  case  has  been  to  determine  the  correlation  and  the  differences 
in  the  occurrence  of  the  stages  under  varying  seasonal  conditions. 
From  these  studies  a  greater  knowledge  of  the  necessary  control 
operations  can  be  obtained. 

The  studies  reported  in  this  bulletin  were  carried  on  in  the  Kogue 
River  Valley  of  Oregon,  at  Medford,  during  the  years  1918  to  1922, 
inclusive.  The  work  was  in  charge  of  the  senior  writer,  assisted  by 
R.  Bruce  McKeown,  in  1918,  1919,  and  part  of  1920;  by  Lorena 

1  The  Codling  Moth  in  the  Ozarks,  Bur.  Ent.  Bui.  80,  part  1,  1909 ;  Life-History  Studies 
on  the  Codling  Moth  in  Michigan,  Bur.  Ent.  Bui.  115,  part  1,  1912 ;  Life  History  of  the 
Codling  Moth  in  the  Santa  Clara  Valley  of  California,  Bur.  Ent.  Bui.  115,  part  3,  1913 ; 
studies  of  the  Codling  Moth  in  the  Central  Appalachian  Region,  Dept.  Bui.  189,  1915: 
Life  History  of  the  Codling  Moth  in  Maine,  Dept.  Bui.  252,  1915;  Life  History  of  the 
Codling  Moth  in  the  Pecos  Valley  of  New  Mexico,  Dept.  Ful.  429,  1917 ;  Life  History  of 
the  Codling  Moth  in  the  Grand  Valley  of  Colorado,  Dept.  Bui.  932,  1921 ;  Life  History  of 
the  Codling  Moth  in  the  Yakima  Valley  of  Washington,  Dept.  Bui.  1235,  1924  ;  Life  His- 
tory of  the  Codling  Moth  in  Delaware,  Tech.  Bui.  42,  1928 ;  Life  History  of  the  Codling 
Moth  in  northern  Georgia,  Tech.  Bui.  90.  1929. 
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Stratton  in  1919,  1920,  and  1921 ;  and  by  the  junior  writer  in  1922. 
The  whole  project  was  under  the  supervision  of  A.  L.  Quaintance, 
in  charge  of  deciduous-fruit  insect  investigations.  The  junior 
writer,  assisted  by  L.  C.  McAlister,  prepared  the  data  for  publica- 
tion and  is  largely  responsible  for  the  report  in  its  present  form. 
Many  of  the  other  reports  cover  studies  made  during  a  period  of 
two  or  three  years,  whereas  the  investigations  covered  in  this  bulle- 
tin are  for  five  seasons.  On  account  of  the  large  mass  of  data  which 
has  accumulated  it  has  been  considered  advisable  to  omit  the  large 
tables  usually  found  in  reports  of  this  kind  and  concentrate  the 
more  important  data  into  graphs  and  short  tables. 

THE  ROGUE  RIVER  VALLEY  OF  OREGON 

The  Eogue  Kiver  Valley  is  located  in  Jackson  County,  Oreg.,  the 
southern  boundary  of  which  joins  the  northern  boundary  of  Califor- 
nia, 60  miles  inland  from  the  Pacific  Ocean.  The  valley  is  sur- 
rounded on  all  sides,  except  where  the  Kogue  River  cuts  its  way 
westward  toward  the  Pacific,  by  spurs  of  the  Cascade  Mountains  and 
the  coast  range.  It  has  an  area  of  approximately  60,000  acres,  and 
lies  at  an  average  elevation  of  about  1,400  feet,  the  elevation  at  Med- 
ford.  Of  the  above  area,  about  30,000  acres  are  under  cultivation, 
one-half  of  which  is  planted  to  pear  and  apple  orchards.  While 
there  are  larger  pear-producing  areas  in  the  United  States  than  the 
Rogue  River  Valley,  this  is  one  of  the  most  concentrated.  Annual 
shipments  of  pears  and  apples  from  this  section  average  3,000  to 
3,500  cars  of  pears  and  about  500  to  700  cars  of  apples. 

CLIMATE 

The  climate  is  relatively  dry,  the  average  annual  precipitation 
being  16  or  17  inches,  very  little  of  which  comes  during  the  growing 
season.  Moisture  is  provided  by  means  of  irrigation  systems,  of 
which  there  are  a  number,  the  water  being  supplied  by  various  moun- 
tain streams.  Little  water  is  taken  from  the  Rogue  River  proper, 
since  it  crosses  only  the  extreme  lower  end  of  the  valley.  The  day 
temperatures  during  the  summer  season  are  often  high,  while  the 
nights  are  usually  comparatively  cool.     (Table  1.) 


Table  1  — 

-Climatological  data  *  for  Medford,  Oreg.,  1918  to  1922, 

inclusive 

Mean  temperature 

Precipitation 

Month 

1918 

1919 

1920 

1921 

1922 

Aver- 

XT 

years 

1918 

1919 

1920 

1921 

1922 

Aver- 
age for 

five 
years 

January 

February 

March..      

41.2 
41.9 
46.6 
61.7 
64.7 
70.6 
69.8 
68.8 
67.0 
65.2 
41.6 
36.1 

°F. 

39.4 

40.8 

46.3 

62.6 

57.4 

62.9 

72.8 

71.7 

62.0 

48.2 

39.6 

33.6 

37.2 
39.8 
43.5 
48.4 
66.2 
63.8 
70.2 
72.8 
62.6 
50.6 
44.3 
40.6 

°F. 
39.1 
42.8 
47.5 
50.4 
56.0 
66.0 
70.6 
71.0 
61.0 
66.2 
46.2 
36.6 

°F. 

33.6 

39.2 

43.6 

48.1 

67.8 

67.6 

74.6 

68.7 

65.4 

64.2 

41.0 

38.2 

°F. 
38.10 
40.90 
45.50 
50.24 
56.42 
66.18 
71.60 
70.60 
63.60 
62.88 
42.54 
37.02 

Inches 

2.17 

2.64 

1.69 

.39 

.64 

.01 

.03 

.26 

1.67 

1.67 

2.29 

1.44 

Inches 

2.14 

4.30 

1.76 

1.15 

.03 

T. 

.03 

.03 

.66 

.60 

1.87 

2.67 

Inches 
0.42 
.22 
1.44 
.99 
.96 
1.81 
.24 
.36 
.99 
1.20 
4.27 
3.43 

Inches 

3.12 

3.33 

1.06 

.76 

2.47 

.10 

T. 

0 

.04 

.86 

3.64 

.94 

Inches 
1.76 
2.33 
1.84 

.61 
1.22 

.66 
0 

T. 

.60 
1.48 
1.36 
6.36 

Inches 
1.96 
2.52 
1.56 

April 

.78 

May 

1.04 

June 

.50 

July.. 

.06 

August. 

September 

October 

November 

December 

.13 

.77 
1.14 
2.66 
2.76 

Annual 
mean  or 
total 

63.7 

62.3 

52.5 

53.6 

52.7 

52.96 

14.69 

15.14 

16.33 

16.21 

17.01 

16.87 

From  U.  S.  Weather  Bureau  Reports. 
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CLIMATOLOGICAL  DATA  FOR  THE   STATE  OF  OREGON,   1918-1922 

The  following  statements  from  the  United  States  Weather  Bu- 
reau's reports  ^  for  the  State  as  a  whole  agree  very  closely  with  the 
climatological  data  for  Medford;  they  are,  therefore,  given  as  a 
statement  of  the  weather  conditions  prevailing  in  the  Rogue  River 
Valley  for  the  five  years  1918  to  1922,  inclusive. 

1918 

The  year  was  unusually  warm  and  dry.  The  mean  temperature  was  the 
highest  recorded  in  Oregon  in  the  last  14  years.  June  and  September  were 
the  warmest  months  of  the  name  on  record,  and  over  a  large  part  of  the 
State  the  summer  as  a  whole  was  the  warmest  on  record.  The  average  pre- 
cipitation was  the  least  experienced  in  Oregon  since  state-wide  records  have 
been  kept. 

1919 

The  year  as  a  whole  was  only  slightly  cooler  than  usual,  but  the  minimum 
temperatures  were  quite  generally  the  lowest  on  record.  *  *  *  The  drought 
that  prevailed  from  the  latter  part  of  April  to  the  first  week  in  September 
^vas  the  most  severe  on  record. 

1920 

The  year  as  a  whole  did  not  depart  materially  from  the  normal  in  any 
weather  element.  *  *  *  January,  February,  and  May  were  the  driest 
months  of  the  name  on  record.  *  *  *  The  temperature  during  the  spring 
was  below  normal.  *  *  *  April  ♦  *  *  was  the  coldest  April  on  rec- 
ord. *  *  *  Throughout  most  of  the  summer  the  temperature  was 
seasonable. 

1921 

The  year,  as  a  whole,  was  slightly  milder  and  wetter  than  usual,  but  no 
new  state-wide  records  were  established.  March  was  rather  mild  and  dry, 
but  the  preceding  winter  months  had  been  unusually  wet.  The  summer 
months  w^ere  about  normal.  Widespread  killing  frosts  in  the  second  week  in 
September  caused  some  damage  to  tender  crops. 

1922 

The  year,  as  a  whole,  was  unusually  dry,  and  somewhat  colder  than  usual. 
Only  one  year  since  state-wide  records  have  been  published  has  been  drier. 
Eight  of  the  12  mouths  had  less  than  the  normal  precipitation,  and  July  was 
the  driest  month  of  the  name  on  record.  The  deficiency  in  temperature  was 
most  pronounced  in  the  winter,  early  spring,  and  late  fall,  while  in  the  late 
spring,  early  sumer,  and  early  fall  some  unusually  high  temperature  was 
experienced.  *  *  *  The  5-month  period,  December,  1921,  to  April,  1922, 
inclusive,  was  the  coldest  of  record.  *  *  *  Vegetation  *  *  *  was  un- 
usually late  in  starting  in  the  spring.  A  heavy  drop  of  fruit  resulted  from 
unfavorable  weather  during  the  blossoming  period.  Summer  came  suddenly 
in  the  last  week  in  May.  At  many  stations  the  maximum  temperature  for  the 
month  was  the  highest  May  temperature  in  many  years.  June,  July,  and 
September  were  unusually  warm  and  dry.  Mild  weather  continued  until  well 
into  October. 

EXPLANATION  OF  TERMS 

Certain  definite  terms,  adopted  by  the  Bureau  of  Entomology 
and  used  in  its  other  publications  on  the  life  history  of  the  codling 
moth,  have  been  used  in  this  bulletin.  The  more  important  of  these 
are  as  follows: 

'These  statements  are  nnoted  or  abstracted  from  Climatological  Data,  Oregon  Section, 
published  by  the  Weather  Bureau  of  the  U.  S.  Department  of  Agriculture. 
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The  term  "  generation  "  is  here  used  to  include  all  of  the  consecu 
tive  stages  of  the  codling  moth  throughout  the  season,  starting  with 
the  e^g  and  ending  with  the  adult  or  moth.  Thus  the  first  eggs  to 
be  laid  (those  deposited  by  the  first  moths  of  the  season)  would  start 
the  first  generation ;  these  and  the  resulting  larvae,  pupae,  and  moths 
would  belong  to  this  generation.  The  eggs  deposited  by  the  moths 
which  belong  to  the  first  generation  start  the  second  generation,  to 
which  also  belong  the  resulting  larvae,  pupae,  and  moths,  andi  so  on. 

The  term  "  brood  "  as  used  in  this  bulletin  is  applied  to  any  stage 
of  the  codling  moth  which  may  belong  to  a  specific  generation  or  to 
an  unknown  generation.  For  example,  the  eggs,  larvae,  pupae,  and 
moths  which  belong  to  the  first  generation  are  called  first-brood 
*eggs,  larvae,  pupae  and  moths.^ 

The  larvae  which  pass  the  winter  include  all  the  nontransf orming 
larvae  of  the  first  and  second  broods,  and,  in  the  Rogue  River  Valley, 
all  the  larvae  of  the  third  brood.  The  specific  generation  to  which 
each  of  these  individuals  belongs  can  not  be  determined  unless  they 
have  been  reared.  The  term  "  generation,"  therefore,  can  not  prop- 
erly be  used  to  include  the  various  stages  of  their  transformations; 
they  are  simply  called  "  wintering  "  or  "  spring-brood  "  larvae,  and 
the  pupae  and  moths  into  which  they  transform  are  designated 
^'spring-brood  "  pupae  and  moths. 

As  mentioned  previously  and  explained  later,  the  larvae  which 
hatch  from  the  eggs  deposited  by  the  second  brood  of  moths  do  not 
transform  into  pupae  and  moths  the  same  season  as  hatched,  but 
pass  the  winter  in  the  larval  stage.  Hence  there  is,  in  the  Rogue 
River  Valley,  what  might  be  called  a  partial  or  incomplete  third 
generation.  However,  these  eggs  and  larvae  are  known  as  third- 
brood  eggs  and  larvae. 

The  "life  cycle "  of  a  generation  includes  the  time  from  the 
deposition  of  the  egg  to  the  emergence  of  the  moth  of  the  same 
generation. 

The  "  complete  life  cycle  "  extends  from  the  time  of  deposition  of 
the  egg  of  one  generation  to  the  deposition  of  the  egg  of  the  next 
generation,  and,  strictly  speaking,  snould  apply  to  the  female  sex 

The  seasonal-history  studies  begin  with  the  wintering  or  spring- 
brood  larvae  which  transform  to  pupae  of  the  spring  brood  and 
from  which  issue  the  moths  of  the  spring  brood. 

The  moths  of  the  spring  brood  deposit  eggs  of  the  first  brood, 
which,  after  their  incubation  period,  result  in  the  larvae  of  the  first 
brood.  Some  of  these  remain  in  the  larval  stage  until  the  following 
spring,  while  most  of  them  transform  successively  into  pupae  and 
moths  of  the  first  brood. 

The  moths  of  the  first  brood  deposit  the  eggs  of  the  second  brood, 
which,  after  their  incubation  period,  produce  larvae  of  the  second 
brood.  Some  of  these,  like  some  of  the  first-brood  larvae,  are  winter- 
ing individuals,  while  the  others  transform  and  become  successively 
the  pupae  and  moths  of  the  second  brood.  ^ 

The  moths  of  the  second  brood  deposit  the  eggs  of  the  third 
brood.    In  the  Rogue  River  Valley  all  the  larvae  of  this  brood  pass 

*  It  thus  happens  that  the  first  moths  to  appear  In  the  spring  are  not  *'  first-brood  " 
moths,  but  "  spring-brood  "  moths,  which  is  technically  correct,  but  greatly  confusing  to 
the  orchardist. 
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the  winter  and  comprise  part  of  the  spring  brood  of  pupae  and  moths 
the  following  season. 

Wintering  larvae  or  larvae  of  the  spring  brood  (spring-brood 
larvae)  include:  All  of  the  nontransforming  larvae  of  the  first  and 
second  broods  and  all  of  the  larvae  of  the  third  brood  of  the  preced- 
ing season. 

Pupae  of  the  spring  brood  (spring-brood  pupae)  include:  All  of 
the  pupae  from  the  spring-brood  or  wintering  larvae. 

Moths  of  the  spring  brood  (spring-brood  moths)  include:  All  of 
the  moths  from  the  pupae  of  the  spring  brood. 

The  first  generation  includes: 

(1)  The  eggs  of  the  first  brood  (deposited  by  spring-brood  moths). 

(2)  The  larvae  of  the  first  brood : 

(a)    Transforming  first-brood  larvae. 
(6)  Wintering  first-brood  larvae. 

(3)  The  pupae  of  the  first  brood. 

(4)  The  moths  of  the  first  brood. 

The  second  generation  includes: 

(1)  The  eggs  of  the  second  brood. 

(2)  The  larvae  of  the  second  brood: 

(a)  Transforming  second-brood  larvaei 
(6)   Wintering  second-brood  larvae. 

(3)  The  pupae  of  the  second  brood. 

(4)  The  moths  of  the  second  brood. 

The  third  generation  (not  complete  in  the  Rogue  River  Valley) 
includes : 

(1)  The  eggs  of  the  third  brood. 

(2)  The  larvae  of  the  third  brood,  all  of  which  are  wintering  individuals, 

SEASONAL  HISTORY  STUDIES 

The  methods  used  in  the  study  of  the  life  history  of  the  codling 
moth  were  similar  in  most  respects  to  those  used  by  the  Bureau  of 
Entomology  at  other  places  and  need  not  be  repeated  here.  A  large 
outdoor  insectary  was  used  in  conducting  most  of  the  studies.  Field 
observations  were  made  daily  as  a  check  on  the  development  of  the 
moth  under  insectary  conditions.  The  very  first  activity  among 
the  wintering  codling-moth  larvae  is  the  rebuilding  of  the  cocoon 
to  form  an  exit  tube  which  permits  the  moth  to  tree  itself  more 
readily.  This  change  in  the  cocoon  is  not  reported  in  this  bulletin. 
The  first  activity  recorded  was  the  pupation  of  the  wintering  larvae. 

Great  care  was  taken  to  have  large  numbers  of  individuals  from 
which  to  draw  conclusions.  The  number  of  individuals  for  each 
stage  is  given  either  in  the  graphs  showing  the  activity  of  the  brood 
or  is  stated  in  the  final  summary  (p.  26) . 

PUPAE  OF  THE  SPRING  BROOD 

Time  of  pupation. — The  recorded  time  of  the  pupation  of  the 
spring  brood  is  shown  graphically  for  each  season  in  Figure  1. 
The  graphs  show  the  results  of  daily  observations.  The  larvae  kept 
in  cocooning  racks  were  gathered  from  wintering  field  material  the 
previous  fall,  and  the  records  were  taken  before  9  a.  m.  daily.  The 
very  first  pupation  was  not  observed  during  1919  and  1921,  but  from 
the  observations  of  the  other  three  years  it  will  be  noted  that  there 
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PiQDBB  1. — Time  of  pupation  of  spring-brood  pupae  of  the  codling  moth,  Medford, 
Oreg.  The  short,  heavj%  horizontal  lines  cover  the  blooming  periods  of  the  Yellow 
Newtown  apple 
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was  considerable  variation  in  the  time  the  first  larva  transformed 
to  the  pupal  stage.  The  earliest  larva  to  pupate  was  recorded  on 
March  16,  1920,  and  the  latest  one  on  June  17,  1920.  The  date  of 
maximum  pupation  is  just  as  variable  as  the  time  the  first  and  last 
pupation  occurred.  The  period  of  pupation  ranged  from  a  mini- 
mum of  53  days  in  1918  to  a  maximum  of  94  days  in  1920.  It  is 
believed  that  pupation  generally  begins  during  the  last  part  of 
March  or  the  first  part  of  April. 

Length  of  pupal  stage. — The  maximum  length  of  the  pupal  stage 
for  the  spring  brood  varied  from  35  days  in  1918  to  60  days  in  1920. 
The  average  length  of  this  stage  varied  from  25.56  to  43.8  days,  and 
the  minimum  varied  from  14  days  in  1920  to  25  days  in  1921.  A 
total  of  2,095  pupae  were  observed  during  the  five  years  in  obtaining 
the  above  records.  The  length  of  time  for  the  pupal  stage  is  given 
in  Table  2. 

Table  2. — Length  of  the  pupal  stage  of  2,095  pupae  of  the  spring  hrood  of  the 
codling  moth,  Medford,  Oreg. 


Year 

Individ- 
uals 

Length  of  pupal  stage 

Minimum 

Average 

Maximum 

1918 - 

Number 
340 
623 
418 
302 
412 

Days 
19 
24 
14 
25 
15 

Days 
26.04 
36.42 
31.80 
43.80 
25.66 

Days 

35 

1919 

45 

1920 .     . 

60 

1921- — 

56 

1922 

53 

MOTHS  OF  THE  SPRING  BROOD 

Time  of  emergence. — The  emergence  of  the  spring-brood  moths  is 
largely  dependent  upon  the  temperature  and  atmospheric  conditions 
and  is  shown  in  Figure  2.  The  very  earliest  moth  to  emerge  in  each 
of  the  five  years  was  recorded,  as  well  as  the  number  of  moths  dur- 
ing the  entire  emergence  period.  The  earliest  moth  issued  on  April 
18,  1919 ;  in  1920  the  first  moth  was  recorded  on  May  15,  or  about  28 
days  later.  Moth  emergence  took  place  over  a  considerable  period 
of  time.  Most  years  the  emergence  began  during  the  latter  part  of 
April  and  continued  into  the  latter  half  of  June.  The  shortest 
period  of  moth  emergence  was  in  1921  when  it  covered  a  period  of 
35  days,  whereas  the  longest  period  of  moth  emergence  occurred  in 
1922  over  a  period  of  61  days.  The  period  of  maximum  emergence 
is  just  as  variable.  In  the  graph  the  time  of  the  blooming  period 
of  the  Yellow  Newtown  apple  is  shown  by  the  straight  heavy  line. 

Oviposition  hy  moths  of  the  spring  'brood. — The  average  number 
of  days  before  oviposition  occurred  varied  between  6.4  days  in  1918 
and  3.12  days  in  1922.  The  maximum  period  before  oviposition  for 
the  five  years  was  16  days  and  the  minimum  was  1  day.  Although 
the  moths  of  this  brood  usually  began  depositing  their  eggs  within 
from  3  to  6  days  after  emergence,  the  maximum  oviposition  occurred 
from  7  to  10  days  after  emergence.    The  maximum  period  before  the 

freatest  oviposition  was  26  days.    Some  moths  continued  to  oviposit 
or  a  period  of  37  days  after  emergence;  the  average  oviposition 
period  ranged  from  12.81  to  20.2  days. 
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Figure  2. — Time  of  emergence  of  moths  of  the  spring  brood  of  the  codling  moth^ 
Medford,  Oreg.  The  short,  heavy,  horizontal  lines  cover  the  blooming  periods 
of  the  Yellow  Newtown  apple 
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NuTTiber  of  eggs  per  female  moth. — The  records  on  the  number  of 
eggs  deposited  per  female  moth  are  based  on  the  total  number  of 
eggs  taken  from  the  stock  jars  where  all  moths  under  observation 
were  confined.  Under  these  conditions  it  is  impossible  to  know  the 
number  of  eggs  deposited  by  an  individual  moth.  It  is  possible 
that  some  moths  did  not  deposit  any  eggs  during  the  entire  period. 
The  maximum  number  of  eggs  deposited  per  female  moth  during 
the  five  years  of  study  was  89  in  1921,  whereas  the  maximum  number 
was  26  in  both  1918  and  1920.  The  average  number  of  eggs  per 
female  moth  ranged  from  6.15  in  1920  to  29.07  in  1922. 

Length  of  life  of  moths. — The  dead  moths  in  the  oviposition 
cages  were  removed  each  day;  their  sex  was  determined  and  their 
length  of  life  computed.  The  results  of  these  studies,  in  which 
3,106  moths  were  observed,  are  as  follows:  The  average  length  of 
life  of  the  male  moths  ranged  from  13.18  days  to  15.24  days ;  that  of 
the  female  moths  ranged  from  14.08  days  to  16.61  days.  The  maxi- 
mum length  of  life  for  a  male  moth  was  38  days,  female  moth  37 
days.    The  minimum  length  of  life  for  both  sexes  was  1  day. 

THE  FIRST   GENERATION 
EOOS  OF  THE  FIBST  BBOOD 

Time  of  egg  deposition. — The  number  of  eggs  deposited  during 
five  years  is  shown  graphically  in  Figure  3.  Although  there  is  some 
variation  in  the  time  eggs  were  deposited  during  the  years  the  studies 
were  made,  the  first  eggs  were  usually  deposited  during  the  early  part 
of  May.  The  earliest  deposition  occurred  on  May  1,  1918.  The 
latest  date  of  deposition  was  July  6,  1920.  The  periods  of  greatest 
deposition  of  first-brood  eggs  for  the  five  seasons  during  which  rec- 
ords were  taken  were  as  follows :  1918,  May  3  to  22 ;  1919,  May  16  to 
June  1;  1920,  June  4  to  19;  1921,  May  26  to  June  12;  and  1922,  May 
26  to  June  10. 

Length  of  incubation. — ^The  records  on  length  of  incubation  are  not 
complete  for  the  years  1919,  1920,  and  1921,  but  the  average  for  the 
other  two  years  was  10.62  and  14.31  days.  The  maximum  incuba- 
tion period  for  the  two  years  was  22  days  and  the  minimum  5  days. 
The  only  year  records  were  taken  on  development  of  red  ring  and 
black  spot  was  in  1922.  For  that  year  the  average  length  of  time 
from  date  of  deposition  to  appearance  of  the  red  ring  was  3.37  days, 
maximum  7,  and  minimum  2  days ;  the  average  length  of  time  from 
deposition  to  appearance  of  the  black  spot  was  8.91  days,  maximum 
15,  minimum  6  days. 

LAEVAE  OF  THE  FIBST  BROOD 

Tim£  of  hatching. — The  records  of  the  daily  hatching  of  eggs  of 
the  first  brood  over  a  period  of  five  years,  shown  by  the  solid  lines, 
with  the  mean  daily  temperatures,  shown  by  the  broken  lines,  are 
presented  graphically  in  Figure  4.  The  earliest  date  of  hatching 
was  May  11,  1918.  The  latest  date  of  first  hatching  was  June  14, 
1920,  which  is  later  than  the  date  of  maximum  hatching  for  any 
other  year.  Possibly  this  can  be  accounted  for  by  the  low  temper- 
atures which  prevailed  during  the  first  part  of  June  that  year.  Dur- 
ing the  five  years  as  a  whole  the  period  of  hatching  of  eggs  of  the  first 

57153—31 2 
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Figure  3, — Time  of  deposition  of  eggs  of  the  first  brood  of  the  codling  moth,  Medford, 

Oreg. 
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E^GURE  4. — Time  of  hatching  of  eggs  of  the  first  brood  of  the  codling  moth,  Medford, 

Greg. 
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brood  extended  over  part  of  May,  all  of  June,  and  part  of  July; 
in  1920  most  of  the  hatching  occurred  during  the  latter  part  of  June. 
The  latest  date  of  last  hatching  was  July  8,  1920.  The  date  of  the 
earliest  peak  of  hatching  was  May  28, 1919,  and  the  date  of  the  latest 
peak  of  hatching  was  June  26, 1920.  The  period  of  maximum  hatch- 
ing usually  occurred  during  the  last  part  of  May  and  the  first  part 
of  June. 

Length  of  feeding  period. — The  records  for  the  year  1921  are  not 
complete  in  this  connection,  but  for  the  other  four  years  the  average 
length  of  the  feeding  period  was  as  follows :  1918,  20.07  days ;  1919, 
28.27  days;  1920,  30.6  days;  and  1922,  22.43  days.  The  maximum 
feeding  period  ranged  from  33  days  in  1918  to  52  days  in  1920.  The 
shortest  period  of  time  for  a  larva  to  complete  its  feeding  was  10 
days,  in  1922,  while  27  days  was  the  shortest  period  in  1920. 

Length  of  cocooning  feriod. — The  cocooning  period  for  the  four 
years  recorded  varied  but  little.  The  average  period  ranged  from 
4.32  to  6.61  days.  The  greatest  length  of  time  spent  in  the  cocoon 
before  pupating  occurred  in  1922,  with  a  maximum  of  29  days.  The 
shortest  periods  were  from  2  to  4  days. 

PUPAE   OF   THE   FIBST   BROOD 

Time  of  pupation. — Figure  5  presents  graphically  the  records  for 
five  years  of  daily  pupation  of  larvae  of  the  first  brood  shown  by 
the  solid  lines,  with  the  mean  daily  temperatures  shown  by  the 
broken  lines.  The  earliest  pupation  of  transforming  larvae  of  the 
first  brood  occurred  June  16,  1918,  and  the  latest  took  place  August 
10,  in  1920  and  1922.  In  1918  the  peak  of  pupation  was  on  June  19, 
and  the  period  of  pupation  ended  July  4,  the  earliest  date  of  last 
pupation.  In  1922  the  period  of  pupation  was  longest,  extending 
from  June  24  to  August  10.  Maximum  pupation  occurred  during 
June  in  1918,  during  the  first  half  of  July  in  1919  and  1922,  and 
during  the  second  half  of  July  in  1920  and  1921. 

Length  of  pupcH  stage. — The  average  length  of  the  pupation  period 
was  about  the  same  for  each  year  of  the  five  years  studied.  It  ranged 
from  12.12  to  14.95  days.  The  maximum  pupal  period  ranged  from 
17  to  31  days,  the  minimum  from  6  to  11  days.  A  total  of  1,446 
pupae  were  observed  during  the  5-year  period. 

MOTHS  OF  THE  FIRST  BROOD 

Time  of  emergence. — The  earliest  emergence  of  first-brood  moths, 
as  indicated  by  the  solid  lines  in  Figure  6,  was  recorded  in  1918  on 
June  26.  Emergence  in  1922  began  on  July  5,  being  followed  by 
July  13  in  1919,  and  July  15  in  1921,  while  the  latest  date  on  which 
the  first  moths  of  this  brood  appeared  was  on  July  24  in  1920. 

The  comparatively  even  high  temperature  in  1918  resulted  in  an 
early  completion  or  emergence  for  that  year,  and  the  last  insect 
emerging  was  recorded  on  July  25,  21  days  earlier  than  the  last 
moths  of  1919  and  1922  which  appeared  on  August  15  of  both  years. 
In  1920,  despite  a  late  start,  the  last  moth  was  recorded  on  August 
16,  and  the  last  noted  in  any  year  was  on  August  17  in  1921. 

In  1920  the  period  of  emergence  extended  over  24  days.  The 
maximum  period  occurred  in  1922  when  moths  appeared  on  42  days. 
Emergence  covered  30  days  in  1918  and  34  days  in  1919  and  1921. 
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Figure  5. — Time  of  pupation  of  the  first  brood  of  the  codling  moth,  Medford,  Oreg^ 
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The  maximum  emergence  occurred  on  widely  separated  days  in 
two  of  the  years  considered.  In  1918  the  maximum  took  place  on 
July  9,  although  in  1920  it  did  not  occur  until  August  5.  In  1919, 
1921,  and  1922  the  dates  of  maximum  emergence  were  grouped  more 
closely  in  this  respect,  the  maximum  occurring  on  July  21,  July 
30,  and  July  25,  respectively. 

Oviposition  hy  moths  of  the  first  hrood. — The  records  in  this 
connection  are  not  complete  for  1919.  The  data  given  below  are  for 
four  years  only.  The  oviposition  records  were  taken  on  2,435 
female  moths  of  the  first  brood.  These  moths  began  to  lay  eggs 
more  quickly  after  emergence  than  the  spring-brood  moths.  A 
large  percentage  of  the  cages  showed  eggs  within  one  day  after 
emergence.  The  average  time  before  ^gg  deposition  ranged  from 
l.Tl  to  3.1  days.  The  maximum  period  before  Qgg  deposition  was 
12  days,  and  the  minimum  1  day.  The  average  time  before  maxi- 
mum oviposition  ranged  from  4.29  to  7.5  days;  the  maximum  was 
24  days  and  the  minimum  1  day.  The  average  number  of  days  from 
emergence  to  last  oviposition  varied  between  9.23  days  in  1921  and 
17.29  days  in  1922.  In  general  the  period  of  ^gg  deposition  was 
much  shorter  than  the  period  for  spring-brood  moths. 

Nuniber  of  eggs  per  female  moth. — The  record  for  1919  not  being 
complete,  the  following  averages  are  based  on  the  observations  of 
four  years:  The  average  number  of  eggs  per  female  moth  ranged 
from  23.1  to  52.4.  It  will  be  noted  that  the  average  is  much  higher 
for  the  first  brood  than  for  the  spring  brood.  The  maximum  num- 
ber of  eggs  deposited  by  one  female  was  241  and  the  minimum  was 
1.  These  records  are  not  the  results  of  individual  observations  but 
are  taken  from  the  records  of  moths  in  the  egg-laying  ca^es. 

Length  of  life  of  inoths. — The  maximum  length  of  life  for  the 
males  was  42  days  and  for  the  females  35  days.  The  highest  aver- 
age length  of  life  for  female  moths  was  17.5  in  1920,  whereas  the 
lowest  average  was  9.45  days  in  1921.  Male  moths  lived  an  average 
of  15.5  days  in  1920  and  only  9.27  days  in  1921.  The  minimum 
length  of  life  was  1  day  for  both  sexes. 

THE  SECOND  GENERATION 

EGGS    OF   THE    SECOND   BROOD 

Time  of  deposition. — The  daily  deposition  of  second-brood  eggs 
is  shown  graphically  in  Figure  7.  The  earliest  date  that  eggs  were 
deposited  was  July  2,  1918.  Each  season  during  the  five  years  of 
observation  the  first  eggs  were  deposited  during  July.  Eggs  con- 
tinued to  be  laid  until  well  into  September  and  in  one  case  until 
October  6.  The  period  of  ^gg  deposition  thus  extended  from  a 
minimum  of  63  days  in  1921  to  a  maximum  of  84  days  in  1919. 
Certain  periods  occurred  when  eggs  were  being  laid  in  maximum 
numbers,  but  generally  the  eggs  were  deposited  quite  regularly 
over  a  long  period  of  time,  fluctuating  somewhat  with  the  change 
in  temperature. 

Length  of  incubation. — The  records  are  not  complete  in  this  con- 
nection for  1919  and  1920,  but  the  average  for  the  other  three  years 
varies  from  7.1  days  to  9.48  days.  The  maximum  incubation  period 
for  the  three  years  was  12  days,  minimum  5  days.     The  period  is 
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much  shorter  than  for  earlier  broods.     This  is  accounted  for  by 
the  higher  temperatures  prevailing  during  the  later  periods. 


LARVAE  OF   THE   SECOND   BEOOD 


Time  of  hatching, — The  seasonal  distribution  of  the  hatching  oi 
larvae,  or  the  time  when  fruit  becomes  infested,  follows  the  distribu- 
tion of  oviposition  with  quite  dependable  regularity. 
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FiGUKB  7. — Time  of  deposition   of  egf?s  of  the   second   brood  of  the   codling   moth, 

Medford,  Greg. 

Figure  8  presents  graphically  the  daily  hatching  of  eggs  of  the 
second  brood  for  five  years.  The  second-brood  eggs  generally  began 
to  hatch  during  the  latter  half  of  July,  and  hatching  continued  into 
September,  or  for  a  period  of  about  two  months.  The  earliest  date 
of  hatching  was  on  July  12  in  1918  and  1922. 

The  first  hatching  usually  follows  oviposition  at  an  interval  of 
from  seven  to  nine  days.  The  bulk  of  hatching  in  all  years  was  in 
the  latter  part  of  July  and  early  August. 

Length  of  the  feeding  period. — During  the  observation  on  the 
length  of  the  feeding  period  of  4,173  larvae  of  the  second  brood  the 
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Figure   8. — Time   of  hatching   of  eggs   of  the  second  brood   of   the  codling  moth, 
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average  length  of  the  feeding  period  was  found  to  vary  from  24.79 
days  to  30.17  days.  The  number  of  individuals  observed  each  season 
was  as  follows:  1918,  1,079;  1919,  517;  1920,  528;  1921,  219;  and 
1922,  1,830.     The  maximum  feeding  period  ranged  from  40  days  in 
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FiGUEE  9. — Time  of  pupation  of  the  second  brood  of  the  codling  moth,  Medford,  Oreg. 

1919  to  78  days  in  1922;  the  minimum  ranged  from  9  days  in  1920 
to  19  days  in  1921. 

PUPAE   OF    THE    SECOND    BROOD 

Time  of  pupation. — Figure  9  graphically  illustrates  the  time  of 
pupation  of  second-brood  la^rvae  over  the  5-year  period.  The  earli- 
est pupation  of  larvae  of  this  brood  was  noted  on  August  3  of  1918, 
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August  4  of  1922,  and  on  August  12,  18,  and  16  of  1919,  1920,  and 
1921,  respectively. 

The  last  pupation  of  1918  was  noted  on  August  13,  the  earliest 
of  any  of  the  five  years  considered.  August  26  marked  the  cessa- 
tion in  1919.  Although  a  few  larvae  pupated  on  September  4, 
August  26  may  be  taken  as  practically  the  final  date  for  1920. 
Pupation  of  this  brood  continued  until  September  4  in  1921  and 
until  September  21  in  1922. 

The  period  in  which  larvae  pupated  varied  considerably  over  the 
five  years,  the  minimum  being  11  days  in  1918  and  the  maximum 
49  days  in  1922.  In  1919  this  period  was  15  days,  in  1920,  18  days, 
and  in  1921,  20  days. 

Maximum  pupation  took  place  on  August  6  and  8  in  1918  and 
on  August  23  in  1920  and  1921.  Although  the  period  of  pupation 
in  1922  covered  49  days,  the  maximum  was  noted  on  August  10, 
or  6  days  after  the  first  larvae  pupated. 

Length  of  the  pupal  stage. — Records  for  the  length  of  the  pupal 
stage  are  not  complete  for  1920  and  1921.  The  records  taken  daily 
during  1918,  1919,  and  1922  showed  that  the  average  length  of  this 
stage  varied  from  14.3  days  to  17.47  days.  The  maximum  number 
of  days  spent  in  the  pupal  stage  was  38  in  1922,  25  in  1919,  and  17 
in  1918,  whereas  the  minimum  for  these  same  years  was  6,  10,  and 
12  days,  respectively. 

MOTHS    OF   THE    SECOND  BROOD 

Time  of  emergence. — The  solid  lines  of  Figure  10  illustrate  the 
emergence  of  second-brood  moths  from  1918  to  1922,  inclusive. 
Average  daily  temperatures  for  the  corresponding  periods  are  indi- 
cated by  the  broken  lines.  Moths  of  this  brood  appeared  earliest 
in  1918,  the  first  being  recorded  on  August  17.  In  three  of  the 
other  years  considered  the  first  moths  appeared  on  August  24,  while 
in  1922  the  first  moth  appeared  on  August  20.  Over  the  5-year 
period  the  dates  for  the  first  emergence  of  this  brood  fall  within 
an  8-day  period. 

In  1918  the  last  moth  emerged  on  August  28,  which  was  consider- 
ably earlier  than  in  the  succeeding  four  years.  The  last  moth  ap- 
peared on  September  11  in  1921  and  on  September  15  in  1919.  In 
1920  the  final  record  was  made  on  September  22,  but  the  emergence 
was  practically  finished,  with  the  exception  of  three  individuals, 
by  September  10.    In  1922  the  last  moth  emerged  October  22. 

The  minimum  period  required  for  the  emergence,  12  days,  Avas  in 
1918,  and  the  maximum  period  of  65  days  occurred  in  1922. 

Maximum  emergence  is  found  on  August  22  in  1918,  which  is  fol- 
lowed closely  by  August  24  of  1922  and  August  25  of  1920.  The 
emergence  in  1919  shows  several  equal  peaks,  but  as  the  maximum 
was  only  two  moths  in  each  case  it  becomes  difficult  to  determine 
the  peak  for  this  season.  The  latest  peak  occurred  on  September 
7, 1921. 

Oviposition  hy  moths  of  the  second  hrood. — Owing  to  the  small 
number  of  moths  of  the  second  generation  that  were  reared  in  the 
insectary,  data  on  oviposition  by  this  brood  are  somewhat  meager. 
The  records  are  incomplete  in  this  connection  for  1921  and  1922. 
The  average  number  of  days  from  the  time  of  emergence  to  day  of 
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first  oviposition  was  4.75,  5.33,  3.81,  and  17.47,  for  1918,  1919,  1920, 
and  1922,  respectively.  The  maximum  number  of  days  from  date 
of  emergence  to  first  oviposition  was  38  and  the  minimum  was  1. 
The  average  number  of  days  from  day  of  emergence  to  date  of 
maximum  oviposition  ranged  from  5.5  to  9.25,  the  maximum  was 
15,  and  the  minimum  2.     The  average  number  of  days  from  emer- 
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Figure  10. — Time  of  emergence  of  moths  of  the  second  brood  of  the  codling  moth, 

Medford,  Greg. 

gence  to  last  oviposition  ranged  from  13.5  to  21,  the  maximum  was 
23,  and  the  minimum  11. 

Number  of  eggs  "per  female  moth. — The  average  number  of  eggs 
deposited  per  female  moth  varied  from  28.3  to  49.58.  The  maximum 
number  of  eggs  deposited  was  97,  and  the  minimum  1.  The  records 
on  this  item  were  not  complete  for  1921. 

Length  of  life  of  moths. — The  length  of  life  of  male  and  female 
moths  was  not  determined  for  this  brood  because  the  moths  emerg- 
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ing  on  different  days  were  placed  together  in  egg -laying  jars.  More 
importance  was  placed  on  securing  fertile  third-brood  eggs  than  on 
determining  the  length  of  life  of  moths. 
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Figure  11. — Time  of  deposition   of  eggs  of  the  third  brood  of  the   codling  moth, 

Medford,  Oreg. 

THE  THIRD  GENERATION 


EGGS  OF  THE  THIBD  BBOOD 


Time  of  egg  deposition. — The  daily  records  of  deposition  of  third- 
brood  eggs  are  shown  in  Figure  11.  *^  During  the  four  years,  deposi- 
tion began  during  a  15-day  period  centered  on  September  1.  The 
earliest  deposition  occurred  on  August  25,  1918,  the  latest  on  Octo- 
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ber  3,  1920.  The  period  of  deposition  is  important  from  the  stand- 
point of  control.  The  maximum  deposition  varies  in  length  and 
time  of  appearance  with  the  different  seasons.  During  the  four 
years  the  peak  of  deposition  occurred  as  follows :  August  25,  1918 ; 
September  11,  1919;  September  12,  1920;  and  August  29,  1922. 
Deposition  took  place  over  a  period  varying  from  20  days  in  1918 
to  32  days  in  1922. 

Length  of  incubation. — The  incubation  period  of  the  third  brood 
was  determined  for  1918,  191^,  and  1922.  The  average  length  of 
the  incubation  period  during  the  three  years  was  7.41,  9.04,  and  10.4 
days,  respectively.  The  maximum  length  of  the  incubation  period 
was  14  days ;  the  minimum  was  6. 

LARVAE   OF   THE   THIRD  BROOD 

Time  of  hatching. — Eecords  of  daily  hatching  of  eggs  of  the  third 
brood  for  three  years  are  shown  in  Figure  12.  Very  few  eggs  were 
observed  in  determining  the  time  of  hatching,  therefore  the  data  are 
somewhat  meager.  The  first  egg  of  this  brood  hatched  on  August 
31,  1918,  six  days  after  the  first  eggs  were  deposited.  In  1919  the 
first  eggs  hatched  on  September  20,  and  in  1922  the  first  eggs 
hatched  on  September  4.  The  period  of  hatching  during  each  of 
the  three  years  studied  was  much  shorter  than  for  the  earlier 
broods. 

LARVAE  OF   THE   THIRD  BROOD 

Length  of  the  feeding  period. — Individuals  of  this  generation  pass 
through  only  two  stages  of  development,  ^gg  and  larval.  Inasmuch 
as  all  the  third-brood  larvae  became  overwintering  larvae,  along 
with  nontransforming  larvae  of  the  first  and  second  broods,  the 
length  of  the  feeding  period  of  this  brood  completes  the  data  on  the 
normal  development  of  the  codling  moth.  Only  two  years'  records 
on  this  last  stage  are  complete.  The  average  length  of  the  feeding 
period  was  28.25  days  in  1918  and  44.58  days  in  1922.  The  maxi- 
mum length  of  the  feeding  period  was  41  days  in  1918  and  86  days 
in  1922,  the  minimum  was  21  days  in  1918  and  34  days  in  1922. 

CODLING-MOTH  BAND  STUDIES 

BAND  RECORDS  FOR  1918 

Band  records  were  made  in  1918  in  the  Wortman  orchard  in 
which  the  season's  spraying  experiments  were  conducted.  This 
orchard  was  so  situated  that  it  represented  about  the  average  con- 
dition for  the  valley.  Bands  were  placed  on  70  fairly  large  20  to  25 
year  old  apple  trees  which  were  sprayed  five  times  during  the  sea- 
son. The  spraying  was  not  efficient  enough  to  control  the  worms, 
consequently  considerable  numbers  were  captured,  as  shown  in 
Figure  13.  Larvae  were  emerging  earlier  than  the  bands  indicate, 
since  large  numbers  were  captured  on  June  30  at  the  time  of  the  first 
examination. 

BAND  RECORDS  FOR  1919 

The  band  records  for  1919  were  made  in  the  Sheldon  orchard,  in 
which  spraying  experiments  were  being  carried  on.    This  tract  of 
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iFiGURE    12.— Time   of   hatching   of   eggs   of   the   third    brood    of   the   codling   moth, 

Medford,  Greg. 
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FiQUBB  13. — Number  of  larvae  of  the  codling  moth   collected   from   banded  tree*. 
Medford,  Oreg..  1918  to  1922 
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15-year-old  apple  trees  was  situated  on  the  extreme  eastern  edge  of 
the  fruit  district  and  was  probably  freer  of  codling-moth  infesta- 
tion than  many  other  orchards,  the  total  infestation  in  most  of  the 
experimental  plots  running  very  light.  For  this  reason  compara- 
tively few  larvae  were  captured  in  the  bands.  A  few  larvae 
were  already  emerging  at  the  time  of  the  first  examination,  June  26, 
and  a  few  were  still  entering  on  October  15  at  the  termination  of 
the  records.  Although  but  few  individuals  were  caught,  two  dis- 
tinct broods  were  in  evidence.    (Fig.  13.) 

BAND  RECORDS  FOR  1920 

The  band-record  experiments  of  1920  were  conducted  on  24  trees 
in  the  Phipps  orchard  of  mixed  varieties  of  apples  25  to  27  years 
old.  This  orchard  adjoined  Medford  on  the  southeast  and  was 
fairly  representative  of  a  neglected  orchard.  The  trees  were  sprayed 
twice  in  an  indifferent  manner;  consequently  considerable  numbers 
of  larvae  were  captured.  (Fig.  13.)  The  bands  were  evidently  not 
applied  in  time  to  catch  the  very  earliest  larvae,  since  large  numbers 
were  emerging  on  July  1,  at  the  time  of  the  first  examination.  Con- 
siderable numbers  were  still  emerging  on  October  3  at  the  termina- 
tion of  the  tests. 

BAND  RECORDS  FOR  1921 

The  band  records  in  1921  were  again  made  in  the  Phipps  orchard, 
which  was  cared  for  in  about  the  same  manner  as  in  the  previous  sea- 
son. The  October  records  were  lost  and  are  therefore  not  included 
in  the  record  for  this  season.  In  this  series  the  Yerj  earliest  larvae 
were  captured  on  June  24,  none  having  been  taken  in  the  20  bands 
on  June  21.    (Fig.  13.) 

BAND  RECORDS  FOR  1922 

The  band-record  experiments  for  1922  were  conducted  in  two 
orchards,  the  Phipps  orchard,  located  on  the  outskirts  of  Medford, 
and  the  Pendleton  orchard,  located  12  miles  north  of  Medford,  near 
the  northern  edge  of  the  apple  and  pear  growing  sections  of  the 
Rogue  River  Valley.  These  two  widely  separated  orchards  were 
chosen  for  the  purpose  of  establishing  better  average  results  and  to 
determine,  as  far  as  possible,  the  extent  of  variation  in  the  time  of 
development  of  the  codling  moth  in  the  selected  localities. 

The  trees  selected  in  both  orchards  were  of  the  Ben  Davis  variety, 
unsprayed,  bearing,  and  in  a  neglected  condition.  The  conditions 
were  excellent  for  the  normal  growth  of  the  insect.  The  trees  were 
prepared  by  removing  all  of  the  rough  bark  scales,  filling  the  cracks 
and  crevices  with  cement,  and  placing  3-ply  burlap  bands  around 
the  trunks.  The  bands  were  examined  every  three  days,  and  the 
larvae  collected  were  brought  to  the  laboratory  for  observation  of 
moth  emergence  and  for  other  studies. 

The  number  of  larvae  taken  every  three  days  from  the  Phipps 
orchard  is  represented  by  the  solid  line  shown  in  Figure  13,  whereas 
the  number  of  larvae  collected  at  the  Pendleton  orchard  is  shown  by 
the  broken  line.  The  date  of  collection  of  the  first  larvae  and  the 
date  of  maximum  collection  occurred  earlier  in  the  Phipps  orchard, 
as  was  expected,  since  it  was  located  some  distance  south  of  the 
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Pendleton  orchard.  The  first  larva  in  the  Phipps  orchard  was  col- 
lected on  June  20,  whereas  the  first  larva  in  the  Pendleton  orchard 
was  taken  on  June  27.  The  maximum  number  of  larvae  of  the  first 
brood  left  the  apples  in  the  Phipps  orchard  on  June  29,  while  in  the 
Pendleton  orchard  this  occurred  on  July  6.  Since  there  is  an  over- 
lapping of  the  two  broods,  it  is  impossible,  from  band  collections,  to* 
determine  the  date  when  the  very  earliest  of  the  second  brood  left 
the  fruit.  According  to  the  records,  this  occurred  approximately 
during  early  August.  In  the  Phipps  orchard  maximum  numbers- 
of  second-brood  larvae  left  the  fruit  on  August  25  and  in  the  Pendle- 
ton orchard  on  August  29.  Larvae  continued  to  leave  the  fruit  in 
both  orchards  until  late  October. 

It  will  be  noted  from  Figure  13  that  a  majority  of  the  first-brood 
larvae  left  the  fruit  early  in  the  season.  This  was  mostly  due  to 
a  delayed  spring  and  a  rapid  development  of  the  season  later  on. 
The  first  half  of  April  was  cold  and  backward,  and  the  last  of  April' 
was  warm,  the  prevailing  temperature  being  a  little  above  normal. 
The  monthly  report  of  the  Weather  Bureau  *  for  April,  1922,  states : 
"  April  was  cold,  cloudy,  and  unfavorable  and  was  the  fifth  suc- 
cessive month  with  temperature  below  normal,  and  the  mean  tem- 
perature for  Oregon  was  the  lowest  in  April  since  the  beginning 
of  the  state-wide  records."  For  May,  1922,  the  report  states :  "  This 
was  the  first  month  since  November,  1921,  to  have  temperature  above 
normal." 

PARASITES 

In  1922  the  junior  writer  reared  three  female  tachinid  parasites 
from  codling-moth  material  collected  from  beneath  burlap  bands 
placed  about  the  trunks  of  apple  trees.  The  parasites  were  very 
scarce  and  somewhat  localized  in  two  or  three  orchards  near  Med- 
ford.  They  were  referred  to  J  M.  Aldrich  of  the  United  States 
National  Museum,  who  has  identified  them  as  Anachaetopsis  tor- 
tricis  Coq. 

SUMMARY 

The  life-history  studies  recorded  herein  were  made  in  the  Rogue 
River  Valley  during  the  seasons  of  1918  to  1922,  inclusive. 

According  to  the  data  obtained  in  these  studies,  there  are  two 
complete  generations  and  a  partial  third  generation  of  the  codling: 
moth  in  the  Rogue  River  Valley. 

The  time  of  appearance  and  the  periods  of  occurrence  of  the  dif- 
ferent stages  of  the  codling  moth  for  1918,  1919,  1920,  1921,  and 
1922  are  shown  graphically  in  Figures  1  to  13,  inclusive.  The  curves 
shown  in  these  figures  represent  approximately  the  beginning, 
height,  and  end  of  activity  of  the  more  important  stages  of  the 
insect,  together  with  the  approximate  rate  of  development  during 
the  period  covered. 

A  summarized  account  of  the  beginning,  maximum,  and  end  of 
the  more  important  biological  stages  for  1918  to  1922,  inclusive,  is 
given  in  Table  3  for  the  purpose  of  a  comparison  of  the  seasonal 
history  of  these  years.  A  summary  of  the  life  history  in  graphic 
form  is  presented  in  Figures  14,  15,  16,  lY,  and  18. 

*  Op.  cit.,  see  footnote  2,  p.  3. 
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Table  3. — Summary  of  the  more  important  dates  in  the  life  history  of  the 
codling  moth,  Medford,  Oreg.,  1918-1922 


Year 

Date  of— 

Period 

1 

Begin- 
ning 

^SS'  |=°<"°^ 

Spring  brood: 

1918 

Mar.  29 

Apr.  20     May  20 

1919 

!  May  29 

Pupation  of  larvae - 

1920 

'Mar'."  16' 

May    8  |  June  17 

1921 
1922 

June  4 
June    3 

'Apr"'T 

"Aprr2i' 

1918 

Apr.  29 

May    7  !  June    6 

1919 

Apr.  18 

May  14  1  June  24 

Emergence  of  moths .-. - -- 

1920 

May  15 

June    4    June  27 

1921 

May    9 

May  25  ;  June  10 

. 

,  1922 

Apr.  26 

May  23  1  June  25 

First  generation: 

f  1918 

May    1 

May  12    June  18 

1919 

May    2 

May  21     June  24 

Deposition  of  eggs                                

1920 
1921 

May  28 
May  14 

June  17 
June    2 

July     6 

June  29 

1922 

May    5 

May  29 

Do. 

1918 

May  11 

May  31 

June  16 

1919 

May  19 

May  28 

July     4 

Batching  of  eggs 

1920 
1921 

June  14 
May  31 

June  26 
June  10 

July     8 

Juno  29 

1922 

May  22 

June    8 

July     ft 

1918 

June  12 

July     9 

July  27 

1919 

June  19 

July     8 

July  25 

Larvae  leaving  fruit 

1920 

June  28 

July   12 

Aug.    3 

1921 

June  24 

July     9 

Aug.    9 

1922 

June  20 

July     5 

Do. 

1918 

June  16 

June  19 

July     4 

1919 

July     1 

July     9 

July   29 

Pupation  of  larvae 

1920 

July   13 

July  21 

Aug.  10 

1921 

June  30 

July   17 

Aug.     2 

1922 

June  24 

July     4 

Aug.  10 

1918 

June  26 

July     9 

July   25 

1919 

July   13 

July   21 

Aug.  15 

Emergence  of  moths 

1920 

July   24 

Aug.    5 

Aug.  1ft 

1921 

July   15 

July   30 

Aug.  17 

1922 

July     6 

July   25 

Aug.  15 

Second  generation: 

1918 

July     2 

July   30 

Sept.  11 

1919 

July   15 

Aug.  30 

Oct.      6 

Deposition  of  eggs 

1920 

July   19 

Aug.  11 

Sept.  27 

1921 

July   17 

July  30 

Sept.  17 

1922 

July     5 

July   14 

Sept.  16 

1918 

July   12 

Aug.    6 

Sept.    9 

1919 

July   21 

Aug.  30 

Sept.  la 

Hatching  of  eggs 

1920 

July  27 

Aug.    8 

Sept.  28 

1921 

July   24 

Aug.     7 

Sept.  15 

.  1922 

July   12 

July   27 

Sept.  27 

1918 

July  31 

Sept.  19 

Nov.    3 

1919 

Aug.  12 

Aug.  30 

Oct.   18 

Larvae  leaving  fruit 

1920 

Aug.   16 
Aug.  12 

Sept.    9 

Oct.     8 

1921 

Sept.  13 

Sept.  30 

1922 

July  30 

Aug.  26 

Nov.  28 

1918 

Aug.     3 

Aug.  6,  8 

Aug.  la 

1919 

Aug.   12 

Aug.  22 

Aug.  26 

Pupation  of  larvae 

1920 

Aug.  18 
Aug.  16 

Aug.  23 
...do 

X.  * 

1921 

1922 

Aug.     4 

Aug.   10 

Sept.  21 

1918 

Aug.   17 

Aug.  22 

Aug.  28 

1919 

Aug.  24 

Sept.  16 

Emergence  of  moths 1 

1920 

do 

Aug.  25 
Sept.    7 

Sept.  22 
Sept.  11 

1921 

IlldoII" 

1922 

Aug.  20 

Aug.  24 

Oct.   22 

Third  generation: 

1918 

Aug.  25 

Aug.  25 

Sept.  la 

Deposition  of  eggs 

1919 
1920 

Sept.    1 
Sept.    8 

Sept.  11 
Sept.  12 

Sept.  27 

Oct.    a 

1 

1922 

Aug.   27 

Aug.  29 

Sept.  27 

1918 

Aug.  31 

Sept.    1 

Sept.  la 

Hatching  of  eggs.  _ 

1919 

Sept.  20 
Sept.    4 

Sept.  21 
Sept.   9 

Sept.  26 
Oct.     5 

.  1922 

Larvae  leaving  fruit 

/  1918 
1  1922 

Sept.  22 
Oct.     7 

Sept.  29 
Oct.    26 

Oct.    18 

Dec.    5 
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Figure  14. — Diagram  of  the  life  history  of  the  codling  moth  at  Medford,  Oreg,  1918 
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FiGUEa  15. — Diagram  of  the  life  history  of  the  codling  moth  at  Medford,  Oreg., 
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Figure  16. — Diagram  of  the  life  lilstory  of  the  codling  moth  at  Medford,  Oreg., 
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FiQDKB  17. — Diagram  of  the  life  history  of  the  codling  moth  at  Medford. 

Greg.,  l»2l 
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Figure  18. — Diagram  of  the  life  liistory  of  the  codling  moth  at  Medford,  Oreg., 

1922 


CODLING  MOTH   IN  ROGUE  RIVER  VAX.LEY  OF  OREGON 


33 


A  summarized  review  of  data  on  the  development  of  the  various 
stages  of  the  codling  moth,  with  the  average  number  of  eggs  per 
female  moth,  is  given  in  Table  4  for  the  years  1918  to  1922,  inclusive, 
for  the  purpose  of  comparing  the  minimum,  average,  and  maximum 
length  of  each  stage  under  observation  for  the  years  named.  All 
figures  are  in  terms  of  days,  except  in  the  case  of  the  items  giving 
the  average  number  of  eggs  per  female  moth,  which  naturally  are  in 
terms  of  eggs. 

Table  4. — Summary  of  data  on  the  development  of  the  more  important  stagey 
of  the  codling  moth,  Medford,  Oreg.,  1918-1922 


stage  of  development 


Year       Number    Minimum  J    Averj«e»    Maximum 


Spring  brood: 

Length  of  pupal  stage. 


Length  of  preoviposition  period. 


Period  before  maximum  oviposition. 


Period  from  emergence  to  last  oviposition.. 

Number  of  eggs  per  female  moth 

Length  of  life  of  male  moths 

Length  of  life  of  female  moths 

First  generation: 

Length  of  incubation  period 

Length  of  larval  feeding  period 

Length  of  cocooning  period 

Length  of  pupal  stage 

Period  before  oviposition.. 

Period  before  maximum  oviposition 


1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 

1918 
1919 
1920 
1922 
1918 
1919 
1920 
1922 
1918 
1919 
1920 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 


340 
623 
418 
302 
412 
328 
355 
369 
270 
375 
328 
355 
369 
270 
375 
328 
355 
369 
270 
375 
328 
355 
369 
270 
375 
319 
345 
297 
265 
360 
300 
310 
327 
230 
353 

626 
611 
212 
10,066 
245 
289 
154 
880 
220 
250 
126 
782 
85 
460 


719 
387 


651 


670 
387 


651 
337 
670 


26.04 

36.42 

31.80 

43.80 

25.56 

6.40 

5.97 

5.21 

4.20 

3.12 

9.34 

10.90 

8.70 

8.10 

7.48 

16.80 

20.20 

15.03 

12.81 

17.91 

10.68 

10.23 

6.15 

10.69 

29.07 

14.9 

15.24 

15.04 

13.5 

13.18 

14.4 

16.6 

14.08 

16.5 

16.61 

14.31 


10.62 

2a  07 

28.27 

30.6 

22.43 

4.32 

6.61 

4.42 

5.93 

13.6 

12.12 

14.95 

14.3 

13.02 

3.10 

2.45 

2.5 

2.7 

L71 

7.5 

6.36 

5.61 

4.52 

4.29 
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All  figures  represent  days,  except  those  for  the  number  of  eggs  per  moth, 
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Table  4. — Summary  of  data  on  the  development  of  the  more  important  stages 
of  the  codlmg  moth,  Medford,  Oreg.,  1918-1922. — Continued 


Stage  of  development 


Year 


Number 


Minimum  i 


Average  i   Maximum 


First  generation— Continued. 

Period  from  emergence  to  last  oviposition.. 

Number  of  eggs  per  female  moth 


Length  of  life  of  male  moths. 


Length  of  life  of  female  moths. 


Second  generation: 

Length  of  incubation  period . 

Length  of  larval  feeding  period 

Length  of  cocooning  period 

Length  of  pupal  stage - — - 

Period  before  oviposition 

Period  before  maximum  oviposition 

Period  from  emergence  to  last  oviposition.. 

Number  of  eggs  per  female  moth 

Length  of  life  of  male  moths 

Length  of  life  of  female  moths 

Third  generation: 

Length  of  incubation  period  - -  - . 

Length  of  larval  feeding  period 


1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1920 
1921 
1922 

1918 
1921 
1922 
1918 
1919 
1920 
1921 
1922 
1918 
1919 
1922 
1918 
1919 
1922 
1918 
1919 
1920 
1922 
1918 
1919 
1920 
1922 
1918 
1919 
1920 
1922 
1918 
1919 
1920 
1922 
1919 
1922 
1919 
1922 

1918 
1919 
1922 
1918 
1922 


387 


651 
337 
670 
387 
598 
651 
337 
670 
256 
525 
487 
314 
635 
325 
598 
637 
305 
670 

1,564 

906 

26, 570 

1,079 

517 

528 

219 

1,830 

13 

376 

139 

13 

315 

146 

8 

18 

91 

77 

8 

18 

91 

77 


91 

77 
8 
18 
91 
77 

492 
63 

589 
77 

79 
128 
2,862 
27 
62 


16.58 
15.54 
13.24 

9.23 
17.29 
34.10 
52.4 
32.4 
23.1 
40.51 
11.7 
12.34 
15.5 

9.27 
13.34 
12.6 
12.99 
17.5 

9.45 
14.16 

7.1 

7.43  ! 

9.48  i 

24.81  i 

24.79  : 

25.4  I 

27.31  i 

30.17  I 

6.19  I 

9.35 

8.18  i 

15.61  I 

14.3  ! 

17.47  I 

4.75 

5.33 

3.81 

17.47 

9.25 

5.5 


13.5 
21.0 

14.45 

15.6 

36.12 

28.3 

30.04 

49.58 

11.9 


12. 


7.41 
9.04 
10.4 
28.25 
44.58 


27 
31 
24 
23 
28 
181 
241 
90 
58 
112 
25 
34 
29 
23 
42 
30 
33 
33 
20 
35 

11 
12 
12 
49 
40 
46 
45 
78 
28 
31 
22 
17 
25 
38 
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^\11  figures  represent  days,  except  those  for  the  number  of  eggs  per  moth, 
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INTRODUCTION 

The  considerable  areas  supporting  brush  vegetation  of  various 
types  that   are   found  throughout    the    mountainous    portions    of 
northern  Utah,  eastern  Idaho,  and  western  Wyoming,  on  sites  that 
would  normally  be  expected  to  support  western  yellow  pine  forests, 
present  to  the   forester  many   interesting   problems.     These   areas 
form,  in  the  main,  a  belt  running  from  the  Gulf  of  California  to, 
west-central  Montana.     The  center  of  this  belt  is  indicated  by  a*, 
broken   line  in  Figure   1.     Because    of  the   unusual    adaptability' 
shown  by  western  yellow  pine  in  its  wide  latitudinal  and  altitudinalt 
distribution,  such  a  gap  in  the  center  of  its  natural  range  is.  diffi^. 
cult  to  explain.     These  areas  of  brush,  lie  iiwnediately  below  t|ie> 
Douglas  fir  type,  at  altitudes  that  eJ^wh^are:  ^ould  he  t^e  natt^fal: 
habitat  of  western  yellow,  pine^. 

This   situation   raises  se^N'^emll  questions..   H^s,  some  elei^ent^  of' 
climate  or  soil  eliminated  piiie  growth?'    1$  the  absence  of  pine  acci- 
dental or  due  to  some  ascertainable. influence?     Can  such  influence, 
if  it  exists,  be  compensated* or  removed?.    The  answer  to  these  ques- 
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tions  might  point  to  the  possibility  of  transforming  these  brush 
lands  to  pine  forests,  and  such  a  transformation  would  obviously  be 
highly  desirable. 

From  1910  to  1915  an  earnest  attempt  was  made,  without  previous 
technical  investigation,  to  effect  an  improvement  in  cover  by  plant- 
ing. High  mortality  of  the  planted  stock  followed.  The  question 
was  thereby  raised,  whether  the  entire  brush  zone  was  possibly  un- 


FiGURB  1.— Map  of  the  western  United  States  showing  the  distribution  of  western 
yellow  pine  and  the  following  rainfall  types:  (1)  Eastern  Rocky  Mountain;  (2) 
south  plateau;  (3)  central  plateau;  (4)  north  plateau;  and  (5)  south  Pacific. 
The  stippled  areas  to  the  west  of  the  heavy  broken,  line  represent  the  Pacific  slope 
form  {Pinus  ponclerosa  Laws.),  and  those  to  the  east  of  it  represent  the  Rocky 
Mountain  form  {P.  ponder osa  scopulorum  Engelm,  or  P.  scopulorum  (Engelm.) 
Lemmon.)  (The  authors  are  indebted  to  G.  A.  Pearson,  E.  N.  Munns,  and  J.  A. 
Larsen  for  data  used  In  the  preparation  of  this  map.) 

suitable  for  western  yellow  pine,  despite  the  resemblance  of  these 
sites  to  those  typical  of  the  species  in  other  regions.  Planting  oper- 
ations were  suspended  until  a  definite  answer  to  this  question  could 
be  determined  by  special  investigation.  It  was  hoped  that  these 
investigations — of  which  the  results  are  reported  here — would  not 
only  settle  the  question  of  the  possibility  of  western  yellow  pine 
establishment  but  would  also  result  in  the  discovery  of  means  by 
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which  areas  suitable  for  western  yellow  pine  could  be  detected  and 
identified. 

The  investigations  embraced  three  related  lines  of  study.  It 
was  necessary  first  to  determine  the  characteristics  of  climate  and 
soil  that  occur  within  the  pineless  region  and  to  compare  these  with 
the  conditions  prevailing  where  western  yellow  pine  is  found  grow- 
ing naturally.  The  second  line  of  study  was  an  actual  test  of  west- 
ern yellow  pine  transplants  planted  under  different  conditions  in 
the  brush-land  areas.  This  test  afforded  a  practical  demonstration 
of  the  effects  of  the  different  factors  upon  the  survival  and  thrift 
of  the  pine. 

Finally,  after  it  had  been  found  that  the  established  shrubby 
vegetation,  by  reducing  the  moisture  supply,  had  a  critical  bearing 
upon  the  success  of  these  plantations  and  that  some  of  the  brush- 
land  species  apparently  resembled  the  pine  in  their  response  to  the 
environmental  conditions,  additional  studies  of  the  natural  succession 
of  the  native  shrubs,  their  root  development,  and  their  leaf  character 
were  made  to  determine  whether  these  species  could  be  used  as 
indicators  of  desirable  planting  sites  for  western  yellow  pine. 

NATURAL  RANGE   AND  OCCURRENCE  OF  WESTERN 
YELLOW  PINE 

Western  yellow  pine  is  widely  distributed  throughout  the  Rocky 
Mountain  region  of  the  western  United  States,  extending  from 
the  Canadian  border  to  the  Mexican  line  and  from  the  bluffs  border- 
ing the  rivers  of  western  Nebraska  to  the  Pacific  coast  in  northern 
California.  (Fig.  1.)  Through  the  center  of  this  region  extends 
the  brush-land  belt  already  described.  This  belt  can  hardly  be 
attributed  to  chance  distribution,  for  it  is  far  too  extensive,  and 
also  there  are  certain  differences  in  the  silvical  and  taxonomic  char- 
acters of  the  species  on  the  two  sides  of  the  belt,  indicating  a  separa- 
tion of  long  standing.  The  silvical  differences  mentioned  have  re- 
cently been  summarized  by  Korstian  (27)  ^  and  will  not  be  repeated 
here.  The  exact  taxonomic  relationship  of  the  two  forms  is  still  in 
question.  Some  authorities  consider  them  distinct  species;  others 
regard  the  southeastern  form  as  a  variety  of  the  northwestern;  still 
others  hold  that  they  are  merely  two  climatic  forms  of  the  same 
species.  In  this  bulletin  the  Pacific  coast  form  will  be  referred  to 
as  Pinus  ponderosa  and  the  Rocky  Mountain  as  P,  scopulorum, 
simply  as  a  concise  means  of  reference. 

In  Montana  the  gap  between  the  two  forms  is  narrow  and  can  not 
be  located  definitely,  as  outlying  sporadic  occurrences  of  both  forms 
are  frequent,  but  through  Idaho,  Utah,  and  western  Wyoming  the 
belt  in  which  western  yellow  pine  is  absent  is  several  hundred  miles 
in  width.  The  ponderosa  form  (fig.  2)  extends  southward  and  east- 
ward in  Idaho  to  the  north  fork  of  Salmon  River  and  the  head  of 
the  south  fork  of  Boise  River  where  the  western  yellow  pine  type 
ends  suddenly.  The  scopulorum  form  is  found  in  extensive  stands 
as  far  north  in  Utah  as  the  region  around  Panguitch  and  Widtsoe. 
(Fig.  3.)     Beyond  this  point  a  narrow  fringe  of  the  type  extends 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  80. 
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along  the  east  rim  of  Fishlake  Plateau  and  even  north  to  the  Wasatch 
Plateau  near  Emery.  Extensive  bodies  are  found  again  in  the 
Uinta  Mountains.  These  are  apparently  an  extension  from  the 
Colorado  region,  since  the  yellow  pine  is  more  widespread  toward 
the  east  end  of  the  range.  A  link  of  scattered  botanical  occurrences 
loosely  connects  this  body  with  that  in  southern  Utah,  as  the  species 
is  found  skirting  the  southern  edge  of  the  Uinta  Mountains  to  the 
Provo  Eiver  drainage,  while  isolated  groups  exist  in  Big  Cotton- 
Wood  Canyon  (pi.  1,  A)  and  near  the  head  of  Parleys  Canyon  east 

of  Salt  Lake  City. 
Thence  it  extends 
southward  in  a  series 
of  sporadic  occur- 
rences on  both  flanks 
of  the  Wasatch 
Range  and  Plateau 
to  the  extensive 
bodies  of  southern 
Utah.  These  small 
scattered  extensions 
of  western  yellow 
pine  usually  occur 
either  upon  sandy 
soils  or  near  streams 
where  soil  moisture 
conditions  are  excep- 
tionally good.  The 
trees  are  normal  in 
appearance  but  are 
unable  to  reproduce 
aggressively  enough 
to  develop  a  type. 
In  Nevada  where 
the  Rocky  Mountain 
form  reaches  its 
westernmost  occur- 
rence it  is  also  re- 
stricted to  open, 
porous  slope  soils. 

Throughout  its  en- 
tire natural  range, 
this  species  occupies 
the  lower  mountain 
slopes.  South  and 
east  of  the  pineless  belt,  except  in  Wyoming,  the  Dakotas,  and  north- 
ern Colorado,  a  pinon-juniper  type  {Pinus  edulis^  P.  monopkylla^ 
Juniperios  utahensis^  and  J.  monosperma)  lies  immediately  below  the 
western  yellow  pine  type.  To  the  north  and  west  the  yellow  pine  is 
the  lowest  conifer  type,  bordering  the  open  grasslands  or  sagebrush 
areas,  except  on  the  Pacific  slope,  where  it  lies  above  an  open  wood- 
land type  of  oak  and  digger  pine  {P.  sahiniana).  Above  the  western 
yellow  pine  lies  a  belt  characterized  by  Douglas  fir  {Psevdotsuga 
taxifolia) ,  although  in  many  places  fires  have  caused  its  temporary  or 


Figure  2. — A  typical  stand,  of  good  quality,  of  the  Pacific 
coast  form  of  western  yellow  pine.  (Salmon  National 
Forest,  Idaho) 
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partial  replacement  by  lodgepole  pine  {Pinus  contorta)  or  aspen 
(Pofulus  tremuloides  aurea).  It  also  may  be  mixed  with  other 
species,  particularly  the  true  firs  (Abies). 
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-Typical  stand  of  the  Rocky  Mountain  form  of  western  yellow  pine  in 
southern  Utah 


The  altitudinal  relations  of  the  various  types  along  a  belt  extend- 
ing from  the  bodies  of  western  yellow  pine  in  Idaho  through  the 
brush  lands  to  the  western  yellow  pine  type  in  southern  Utah  (line 
ABCDEF  in  fig.   1)    is  shown  in  Figure  4.     This  section  passes 


WEISER     GARDEN         HAILEY   ARCO       ASHTON     VICTOR     MONT-    UTAH   MORGAN  FW?K  SOLDIER  SALINA  LOA 
RIVER      VALLEY  PELIER   LINE  CITY    CREEK     CANYON 


Figure  4. — Vertical  section  cut  on  line  ABCDEF  in  Figure  1,  showing  topography 
and  relationship  of  vegetational  types  along  the  section 

through  the  middle  of  the  region  covered  by  this  study  and  shows 
graphically  how  the  western  yellow  pine  is  replaced  in  its  logical 
altitudinal  zone  below  the  Douglas  fir  by  sagebrush  and  associated 
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plants  in  the  region  from  near  Hailey,  Idaho,  to  the  Utah-Idaho 
State  line  and  by  other  brush  vegetation  from  there  south  to  the 
vicinity  of  Salina  Canyon  and  Loa,  Utah. 

TEMPERATURE,  MOISTURE,  AND  SOIL  IN  THE  WESTERN 
YELLOW  PINE  TYPE  AND  BRUSH  LANDS 

The  possibility  of  introducing  western  yellow  pine  into  the  brush 
lands  of  the  so-called  pineless  belt  depends  largely  upon  the  prevail- 
ing local  conditions  of  climate  and  soil.  Of  these,  certain  ecological 
factors  can  be  changed  or  circumvented  by  planting,  but  others  are 
insuperable.  If  the  climate  is  fundamentally  unsuited  to  its  growth, 
forests  of  this  species  can  not  be  established ;  but  biotic  factors,  fire, 
or  even  minor  climatic  factors  need  not  be  regarded  as  insuperable 
obstacles.  A  knowledge  of  the  various  conditions  within  the  brush 
lands  and  the  surrounding  pine  lands,  therefore,  becomes  of  primary 
importance. 

It  is  possible,  however,  to  study  the  climate  of  the  western  yellow 
pine  type  and  the  intervening  brush  lands  in  only  a  general  way, 
for  little  material  is  available  except  United  States  Weather  Bureau 
cooperative  station  records  consisting  mainly  of  monthly  averages. 
A  number  of  stations  are  located  in  the  western  yellow  pine  type,  but 
there  are  very  few  in  the  corresponding  brush  lands.  Where  a  rela- 
tion between  altitude  and  the  climatic  factors  can  be  determined 
with  any  degree  of  certainty,  it  is  possible  to  use  the  more  numerous 
valley  stations  below  the  western  yellow  pine  and  brush-land  types 
as  indicative  of  conditions  occurring  at  somewhat  higher  elevations. 
The  interpretation  of  the  climatic  and  soil  differences  in  terms  of 
survival  and  growth  of  western  yellow  pine  has  been  facilitated  by 
studies  by  Bates  (5,  6,  7)  in  Colorado  and  by  Pearson  (J^,  37^  38)  in 
Arizona. 

TEMPERATURE 

Although  temperature  is  recognized  as  a  very  potent  factor  in 
determining  the  distribution  of  species  in  mountainous  regions,  it 
does  not  explain  the  peculiarities  of  the  distribution  of  western 
yellow  pine  on  both  sides  of  the  brush-land  belt.  The  mean  monthly 
temperatures  for  a  number  of  United  States  Weather  Bureau  sta- 
tions in  the  western  yellow  pine  belt,  shown  by  rainfall  types  in 
Figure  5,  indicate  a  very  uniform  set  of  conditions,  especially  in 
midsummer.  The  California  type  alone  diverges  notably  from  the 
average,  having  temperatures  somewhat  higher  than  the  remainder 
of  the  region. 

The  weather  records  of  valley  stations  in  or  near  the  pineless  belt 
indicate  a  climate  that  approaches  the  warmer  limit  for  western 
yellow  pine  as  observed  at  various  places  within  the  range  of  this 
species.  There  must  therefore  be  a  broad  zone  extending  from 
the  base  of  the  near-by  mountains  to  intermediate  elevations  in 
which  temperatures  alone  are  not  the  limiting  factor.  An  indica- 
tion of  the  width  of  this  zone  is  afforded  in  Table  1,  which  gives 
the  altitudes  and  midsummer  (July)  temperatures  of  the  valley 
stations,  together  with  the  indicated  altitudes  corresponding  to  a 
July  mean  temperature  of  57.6°  F.  when  a  temperature  gradient  of 
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3.3°  F.  per  1,000  feet  is  applied  to  the  base  station.  July  tempera- 
tures were  chosen  as  a  basis  because,  as  shown  in  Figure  5,  they  are 
more  uniform  throughout  the  western  yellow  pine  zone  than  are  the 
annual  temperatures.  The  temperature  of  57.6°  F.  was  chosen  as 
the  lowest  mean  July  temperature  for  western  yellow  pine,  as  this 
is  the  July  mean  for  Elizabethtown,  N.  Mex.,  the  coldest  Weather 
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Figure  5. — March  of  mean  monthly  temperature  for  each  rainfall  type  within  the 
range  of  western  yellow  pine 

Bureau  cooperative  station  in  the  western  yellow  pine  type.     (Note 
also  that  Crescent,  Oreg.,  has  a  July  mean  of  57.6°  F.) 

Table  1. — Tndicated  upper  altitudinal  limits  of  western  yellow  pine  in  the 
pineless  belt  atnd  adjacent  territory,  corresponding  to  the  observed  lowest 
mean  July  temperature  (57.6°  F.)  for  toesteni  yellow  pine  at  Elizabethtown^ 
N.  Mex. 


Station 

Eleva- 
tion 

July 
normal 
temper- 
ature 

Indicated 
upper 
limit 

Actual 
upper 
limit  1 

Type  at  indicated 
upper  limit 

Idaho: 

Idaho  City 

Feet 
4,000 
3,860 
5,100 
6,200 
4,483 
4,700 

6,250 
6,860 
8,074 
5,282 

4,507 
4,310 
5,080 
5,575 
5,301 
6,260 
5,700 
6,700 
7,050 
7,000 

op 
66.5 
62.5 
64.2 
61.9 
71.2 
70.5 

61.1 
61.4 
60.0 
65.6 

71.8 
78.0 
66.6 
69.2 
64.9 
65.3 
C9.2 
61.9 
66.0 
61.2 

Feet 
6,700 
5,400 
7,100 
7,500 
8,600 
8,600 

7,300 
8,000 
8,800 
7,700 

8,800 
10,500 
7,800 
9,100 
7,500 
8,600 
9,200 
9,000 
9,600 
8,100 

Feel 
6,800 
5,500 

Spruce-fir. 

Ash ton 

Lodgepole  pine. 

Blackfoot  Dam._  -..  .-- 

Pocatello 

Lodgepole  pine. 
Alpine  fir. 

Oakley    

Wyoming: 

Afton .     - 

Lodgepole  pine. 

Evanston 

Centennial . 

Do. 

Chugwater 

Do. 

Utah: 

Logan ... 

Douglas  fir. 

Ogden 

Spruce-fir. 
Douglas  fix. 

Morgan 

Manti 

Do. 

Henefer 

Do. 

Emery.- .     .. 

8,200 
9,000 
9,000 
8,500 
7,000 

Do. 

Escalante .  ..    .     ... 

Do. 

Eanch         .    . 

Do 

Monticello.- ... 

Do. 

Park  City 

Do 

J  Where  western  yellow  pine  is  present. 
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Table  1  indicates  that,  as  a  rule,  favorable  temperatures  exist  over 
an  altitudinal  belt  from  1,000  to  4,000  feet  in  width  in  the  region 
under  discussion.  It  is  evident,  however,  that  July  temperatures  are 
not  indicative  of  any  certain  type,  for  in  the  pineless  region  at 
elevations  having  approximately  the  same  temperature  as  Eliza- 
bethtown,  it  is  the  rule  to  find  Douglas  fir  or  other  forest  types 
characteristic  of  higher  altitudes. 

It  is  realized  that  mean  temperature  alone  may  not  be  particularly 
significant.  Maximum  and  minimum  temperatures  and  the  diurnal 
range  in  temperature  frequently  play  an  important  role  not  revealed 
by  mean  temperatures.  Such  extremes  are  often  of  local  occurrence, 
however,  and  depend  largely  upon  local  physiographic  conditions, 
particularly  as  they  affect  air  drainage.  It  is  inconceivable  that  such 
extremes  should  occur  generally  throughout  the  various  mountains 
of  the  pineless  belt  and  yet  disappear  both  to  the  north  and  the  southi 
in  the  continuation  of  the  same  mountain  ranges. 

Moreover,  investigations  of  Bates  and  Roeser  (7)  have  shown  that 
western  yellow  pine  is  not  greatly  affected  by  high  air  temperatures 
or  by  the  heat  at  the  surface  of  the  soil  caused  by  direct  insolation, 
and  that  it  is,  indeed,  much  more  resistant  to  injury  in  this  respect 
than  any  of  its  associates.  The  seed  is  larger  and  the  young  seed- 
ling is  sturdier  and  appears  to  have  thicker  tissues  more  able  to 
withstand  heat  than  the  conifers  characteristic  of  the  higher  alti- 
tudes. Pearson  (36),  working  in  Arizona,  came  to  the  conclusion 
that  western  yellow  pine  is  not  limited  at  lower  altitudes  by  high 
temperature  but  by  moisture  deficiency,  since  the  species  is  success- 
fully cultivated  at  points  far  below  its  natural  range. 

Western  yellow  pine  is,  however,  markedly  sensitive  to  tempera- 
ture deficiencies  and  its  upper  altitudinal  limit,  occurring  relatively 
low  in  the  mountains,  is  undoubtedly  determined  in  a  measure  by 
temperature  deficiency.  How  this  factor  operates  has  not  been  de- 
termined thus  far.  Western  yellow  pine  is  notably  resistant  to 
sudden  extremes.  Growth  is  apparently  not  limited  by  occasional 
extremely  low  temperatures  or  by  early  or  late  frosts,  but  more 
likely  by  a  deficiency  of  temperature  during  the  entire  growing 
season.  Bates  (5)  has  pointed  out  that  western  yellow  pine  ordi- 
narily transpires  fairly  large  quantities  of  water  and  suggests  that 
in  order  to  maintain  a  suitable  temperature  of  the  leaves  it  needs 
a  hot  situation  to  counteract  the  cooling  caused  by  rapid  evaporation 
from  the  leaf  surfaces. 

Mean  temperatures  in  the  zone  immediately  below  the  Douglas 
fir  in  the  pineless  belt  differ  only  slightly  from  those  of  correspond- 
ing altitudinal  zones  in  which  the  pine  occurs.  High  temperatures, 
the  heating  effect  of  direct  insolation,  and  unseasonable  low  tem- 
peratures and  frost  can  not  account  for  the  absence  of  western 
yellow  pine  in  the  brush  lands,  since  this  species  is  notably  insensi- 
tive to  these  conditions,  which  moreover  are  dependent  mainly  upon 
minor  physiographic  features  and  are  rarely  effective  over  large 
contiguous  areas.  It  is  evident,  therefore,  that  temperature  itself 
has  no  direct  influence  in  determining  the  general  absence  of  west- 
ern yellow  pine  from  the  brush  lands  of  the  intermountain  region 
and  that  other  factors,  such  as  those  which  influence  the  water  rela- 
tions of  the  plant,  must  be  more  important. 
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MOISTURE 

EVAPORATION 

In  the  semiarid  intermountain  region,  where  the  moisture  rela- 
tions of  the  plant  are  very  important,  the  rate  of  water  loss  from 
the  leaves  through  transpiration  is  vital.  This  loss  from  evaporation 
can  not,  however,  be  studied  in  detail,  as  data  are  meager  and  have 
been  collected  only  in  a  few  widely  scattered  localities.  Table  2 
presents  such  records  as  are  available. 

Table  2. — Mean  danlv  evaporation  from  lAvinffSton  porous-cup  atmometers  at 
several  stations  within  the  range  of  taestem  yellow  pine  and  at  the  oaks 
station  in  central  Utah 


station 

April 

May 

June 

July 

August 

Sep- 
tember 

Octo- 
ber 

Novem- 
ber 

Idaho: 

Priest   River,  southwestern  as- 
pect  1917  1 

C.c 

C.c. 

C.c. 

C.C 

C.c. 

31,0 
15.6 
17.0 

40.5 
28.2 

C.c. 

17.2 

C.c. 

C.c. 

Near  Viola*               

12.3 
7.0 

7.4 
7.0 

11.2 
10.6 

Washington*  Near  Colfax  * 

California: 

Quincy,  1916  ^— 

Southern  aspect         .  - 

31.2 
21.7 

Northern  aspect 

Average 

34.4 

26.4 

Seven  Oaks,  1916  < 

30.9 

37.0 

51.2 

48.9 
26.4 

35.4 
41.2 

52.1 
19.1 

40.7 
39.9 

50.8 
19.0 

19.9 
»55. 1 

37.3 

42.1 

Arizona:  Flagstaff,  1916  *       .... 

Utah  6  (central): 

Oaks  station,  1915 

?39.0 
848.5 

Oaks  station,  1916 

43.8 

38.3 

40.3 

37.5 

*  Data  supplied  from  Priest  River  Exi)erimental  Forest  by  J.  A.  Larsen. 
'  Data  obtained  by  J.  E.  Weaver  (55). 

3  Data  from  Feather  River  branch  of  the  California  Forest  Experiment  Station  by  E.  N.  Munns. 

*  Data  supplied  by  E.  N.  Munns  from  a  former  field  station  of  the  Forest  Service  near  Seven  Oaks  (Red- 
lands),  Calif. 

«  Data  supplied  by  Q.  A.  Pearson  from  Fort  Valley  branch  of  the  Southwestern  Forest  and  Range 
Experiment  Station. 

6  At  Great  Basin  branch  of  Intermountain  Forest  and  Range  Experiment  Station. 

7  Mean  of  last  10  days. 

8  Mean  of  last  20  days. 
»  Mean  of  first  6  days. 

Evaporation  is  high  at  the  oaks  station  in  Utah  but  not  so  high 
as  at  Seven  Oaks,  near  Redlands,  at  the  lower  edge  of  the  California 
western  yellow  pine  belt,  and  scarcely  more  than  the  average  at 
Quincy  in  the  same  State.  In  Arizona,  farther  south,  the  evapora- 
tion is  much  more  moderate.  When  these  figures  are  compared  with 
precipitation  for  the  same  months  at  the  same  stations,  it  becomes 
apparent  that  rainfall  has  played  a  large  part  in  determining  the 
degree  of  evaporation.  The  California  western  yellow  pine  belt 
has  very  dry  summers,  whereas  July  and  August  in  Arizona  are 
normally  rainy.  Conditions  in  Utah  are  intermediate.  The  per- 
sistence of  rainy  weather  has  apparently  affected  the  total  monthly 
evaporation  so  much  that  the  influence  of  other  factors  is  obscured. 
Also  Table  2  does  not  indicate  the  intensity  of  evaporation  when  it  in- 
creases to  significant  proportions  during  hot  dry  periods  in  each  region. 

The  figures  obtained  by  Weaver  in  Idaho  and  Washington  appear 
considerably  lower  than  the  records  of  precipitation  in  that  region 
would  lead  one  to  expect.  Weaver  (53) ,  in  commenting  upon  these 
figures,  contends  that  it  is  the  relatively  low  evaporation  rate, 
which  persists  even  during  clear  hot  periods  marked  by  scant  pre- 
cipitation, together  with  the  high  water-holding  capacity  of  the  son. 
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which  makes  it  possible  for  western  yellow  pine  to  grow  in  eastern 
Washington  and  adjacent  Idaho. 

Although  the  sensitiveness  of  western  yellow  pine  to  evaporation 
is  little  known,  and  the  effect  of  evaporation  as  such  can  not  be 
evaluated  in  a  wholly  satisfactory  manner,  yet  evaporation  must  be 
regarded  as  an  ever-present  factor  which  may  sometimes  be  very 
effective.  All  through  the  following  discussion  of  precipitation, 
evaporation  is  considered  by  implication,  since  periods  of  heavy  pre- 
cipitation are  usually  marked  by  low  evaporation  and  evaporation 
and  transpiration  are  highest  during  periods  of  drought. 

MEAN  ANNUAL  PRECIPITATION 

Table  3  shows  the  low  total  of  precipitation  which  is  sufficient  for 
western  yellow  pine.  All  through  Colorado,  for  example,  this  species 
exists  where  the  annual  precipitation  is  as  low  as  16  inches.  Precipita- 
tion is  obviously  not  the  controlling  factor  in  the  present  problem, 
since  the  annual  total  is  fully  as  heavy  on  the  lower  mountain  slopes 
in  the  pineless  belt  as  in  many  parts  of  the  western  yellow  pine  region. 
In  the  valleys  of  the  pineless  region  are  many  stations  with  annual 
precipitation  as  heavy  as  that  which  occurs  at  western  yellow  pine 
stations  in  Montana  and  Colorado.  Above  these  valley  stations,  in 
the  wide  belt  of  favorable  temperatures  already  mentioned,  the  pre- 
cipitation is  even  greater  than  in  the  valleys.  Alter  (1)  figures  the 
average  annual  rainfall  gradient  on  windward  slopes  in  this  region 
as  about  4  inches  for  each  1,000  feet  of  rise.  Since  favorable  temper- 
atures usually  extend  at  least  2,000  feet  above  the  valley  stations  it  is 
evident  that  a  considerable  increase  in  rainfall  is  assured  in  the  zone 
which  appears  to  be  potentially  suited  to  western  yellow  pine.  About 
20  to  24  inches  of  precipitation  a  year,  an  amount  comparable  with 
that  in  the  western  yellow  pine  region  except  on  the  west  slope  of  the 
Sierras  in  California,  should  be  expected. 

Table  3. — Mean  annual  pr^eoipitation  at  United  States  Weather  Bureau  stations 
within  the  western  yellow  pine  type^ 


Location 

Mean 
annual 
precipi- 
tation 

Location 

Mean 
annual 
precipi- 
tation 

Location 

Mean 
annual 
precipi- 
tation 

Washington: 

Inches 
16.20 
24.47 

18.85 
17.62 

Utah: 

Alton 

Inches 
23.64 
24.63 
24.14 

Colorado: 

Georgetown 

Inches 
14.97 

r^le  EUiTTi 

Ranch 

Cheeseman ..- 

16.58 

Spokane .-. 

Average 

Durango 

16.67 

Colville 

Idaho: » 

Boulder  Mine 

Garden  Valley 

Grimes  Pass 

Idaho  City 

31.49 
26.67 
27.55 
21.17 
26.86 
23.00 
23.90 

Idaho  Springs 

Westcliffe 

16.39 
15.18 

19.28 

15.96 

Oregon: 

rirAQPfint. 

20.14 

41.07 
19.48 
18.05 
18.80 

New  Mexico: 

Blue  Mountain  saw- 
mill 

McCall 

23  46 

New  Meadows 

Coeur  d'Alene 

Average 

Gallinas 

25.25 

Chiloquin    

Mineral  Hill - 

Elizabethtown 

22.72 

La  Grande 

25.81 

18.73 
22.45 

Wallowa- 

Montana: 

15.73 
16.94 
13.22 
16.23 

Average -- 

23.51 

Kalispell 

Arizona: 
Flagstaff 

26.93 
69.94 
37.43 
64.35 
39.03 

Ekalaka - 

California: 

St.  Ignatius 

22  81 

Average...- 

15.53 

Williams 

22.13 

Wyoming: 

Centennial 

18.49 
16  43 

Fort  Valley- -------- 

21.52 

Nevada  City... 

Weaverville. 

Grand  Canyon 

Average 

17.65 

45.54 

Average     _.  .  . 

16.96 

21.00 

1  From  Climatological  Data.  1919,  U.  S.  Dept.  Agr.,  Weather  Bur.,  except  as  specified. 

2  Idaho  records  were  specially  compiled. 
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In  the  pineless  region  there  is  unfortunately  only  one  station, 
Park  City,  located  directly  in  the  brush-land  belt.  Rainfall  records 
at  this  station  and  at  representative  valley  stations  below  the  brush 
belt  in  this  region  are  shown  in  Table  4.  Omitting  Park  City,  the 
average  annual  rainfall  is  16.25  inches.  Here  is  further  evidence  that 
deficiency  in  total  precipitation  is  not  the  factor  which  limits  the 
distribution  of  western  yellow  pine  in  the  intermountain  region. 

Table  4. — Mean  annual  precipitation  at  stations  in  pineless  region  of  Utah^ 


Station 


Government  Creek 

Spanish  Fork 

Laketown 

Logan -  — 

Morgan 


Mean 

Eleva- 

annual 

tion 

precipita- 

tion 

Feet 

Inches 

6,277 

13.60 

4,711 

17.40 

6,200 

15.19 

4,507 

16.40 

5,080 

20.23 

Station 


Moroni 

Ogden 

Salt  Lake  City 
Park  City 


Eleva- 
tion 


Feet 
6,000 
4,310 
4,408 
7,000 


Mean 
annunl 
precipita- 
tion 


Inches 

16.14 

15.02 

16.03 

«20.57 


1  From  Climatological  Data,  Utah,  1919,  U.  S.  Dept.  Agr.,  Weather  Bur.,  except  as  specified. 

2  Specially  compiled. 

SEASONAL.   DISTRIBUTION   OF   PRECIPITATION 

The  great  variation  in  annual  precipitation  found  in  the  western 
yellow  pine  type  in  different  States  (the  range  is  from  15.53  inches  in 
Montana,  where  the  heaviest  rainfall  occurs  in  the  summer,  to  45.54 
inches  in  California,  where  the  summers  are  dry)  suggests  that 
differences  in  forest  growth  may  be  caused  rather  by  the  seasonal 
distribution  of  precipitation  throughout  the  year  than  by  total 
rainfall. 

The  irregularity  in  the  distribution  of  precipitation  throughout 
the  year  in  the  western  part  of  the  United  States  has  been  noted  by 
many  meteorologists.  Ward  {50)  has  divided  the  United  States  into 
a  number  of  rainfall  provinces,  each  having  a  typical  form  of  rain- 
fall distribution.  This  classification  has  proved  very  useful  in 
the  present  study,  although  it  has  been  necessary  to  modify  Ward's 
rainfall  provinces  to  show  clearly  the  characteristics  of  the  transi- 
tion type  in  the  central  pineless  belt. 

The  outstanding  characteristics  of  the  rainfall  provinces  are 
shown  in  Figure  6,  which  represents  average  conditions  at  stations 
within  the  western  yellow  pine  type  or  its  brush-land  equivalent.  In 
the  north  plateau  province  precipitation  is  fairly  heavy  in  winter. 
It  decreases  slowly  through  April  but  in  May  rises  above  2  inches 
at  points  within  the  western  yellow  pine  belt.  From  May  it  drops 
slowly  to  a  minimum  in  August,  after  which  it  rises  again.  From 
May  on,  it  conforms  to  the  Pacific  coast  type  of  rainfall,  except 
that  the  differences  between  summer  and  winter  are  much  less 
marked.  In  May  alone  do  the  characteristics  of  the  eastern  Rocky 
Mountain  rainfall  type  prevail,  good  rains  in  that  month  being 
typical  throughout  the  country  east  of  the  plateau  region. 

The  south  plateau  type  of  rainfall,  on  the  other  hand,  is  somewhat 
similar  to  the  south  Pacific  type  until  July.  Rainfall  decreases 
through  the  spring  months  to  a  minimum  in  May  and  June,  which 
season  is  known  throughout  the  Southwest  as  the  arid  foresummer. 
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In  July  a  sharp  rise  in  precipitation  occurs.  This  is  maintained 
through  August,  and  the  curves  conform  closely  to  that  of  the  eastern 
Rocky  Mountain  region  during  these  months  and  until  November. 

In  the  central  plateau  region  rainfall  in  May,  the  first  month  of 
the  growing  season,  is  intermediate  between  that  in  the  north  plateau 
western  yellow  pine  region  and  that  to  the  south.  In  June  this 
region  becomes  practically  as  dry  as  the  south  plateau  region,  but 
in  July,  instead  of  the  sharp  increase  characteristic  of  the  south,'only 
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Figure  6. — March  of  mean  monthly  precipitation  for  each  rainfall  type  within  the 
range  of  western  yellow  pine.     (Compiled  from  U.  S.  Weather  Bureau  records) 

a  slight  rise  is  shown  in  the  curve.  In  August,  the  last  effective 
month  of  the  growing  season,  conditions  are  but  little  better.  The 
region  has  neither  the  favorable  rainfall  characteristic  of  May  in  the 
north  nor  the  favorable  conditions  common  in  July  and  August  in 
the  south. 

Not  only  does  the  total  rainfall  for  Mav  for  the  central  plateau 
region  show  a  notable  decrease  over  that  for  the  north  plateau,  but 
also  its  distribution  within  the  month  changes.    A  study  of  condi- 
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tions  at  a  number  of  Weather  Bureau  stations  for  which  mean  daily 
precipitation  records  are  available  shows  that  well  within  the  north- 
western yellow  pine  zone,  at  Spokane,  Wash.,  the  crest  of  the  spring 
maximum  occurs  on  June  16,  after  which  the  rainfall  drops  gradu- 
ally to  the  summer  minimum  on  August  10.  Farther  south,  at  Baker 
City,  Oreg.,  the  crest  of  the  spring  rainfall  culminates  on  May  27 
at  Boise,  Idaho,  still  nearer  the  brush  lands,  it  culminates  on  June  3 
at  Pocatello,  Idaho,  well  within  the  brush-land  region,  on  May  24 
and  at  Salt  Lake  City,  Utah,  on  May  2.  Furthermore,  the  driest 
part  of  the  summer  in  a  similar  manner  occurs  progressively  earlier — 
at  Spokane  on  August  10,  at  Baker  City  on  July  22,  at  Boise  on 
July  10,  and  at  both  Pocatello  and  Salt  Lake  City  on  June  25.  The 
early  May  precipitation  in  the  western  yellow  pine  zone  often  falls 
as  snow,  and  the  accompanying  cold  weather  is  not  conducive  to 
rapid  or  complete  germination  of  western  yellow  pine.  Furthermore, 
the  long,  hot,  cloudless  days  of  June  follow  closely  this  period  of 
cold  precipitation.  Both  conditions  serve  notably  to  intensify  the 
unfavorable  situation  brought  about  by  the  natural  deficiency  in  the 
May  precipitation  throughout  the  central-plateau  region. 

The  nature  of  this  transition  through  the  central  plateau  region 
will  be  clearly  evident  from  a  comparative  study  of  Figure  7,  which 
shows  rainfall  distribution  during  the  four  months  of  the  growing 
season  in  the  central  plateau  region,  and  Figure  1,  which  gives  the 
range  of  western  yellow  pine  in  the  intermountain  region.  May 
rainfall  in  excess  of  2  inches  is  found  in  the  western  yellow  pine  type 
in  the  plateau  region  of  southwestern  Idaho.  To  the  east  and  south 
there  is  a  very  rapid  decrease  in  the  precipitation  during  that  month. 
June  is  dry  throughout  the  entire  region;  the  heaviest  rainfall 
occurs  in  central  Idaho  and  northern  Wyoming  on  the  edge  of  the 
Montana  region,  where  there  is  normally  ample  precipitation 
throughout  the  month.  In  July  the  situation  is  reversed.  The 
heaviest  rainfall  (about  3  inches)  occurs  in  the  extreme  southern 
part  of  the  region  in  the  mixed  yellow  pine  and  Douglas  fir  forest 
on  the  higher  parts  of  the  Kaibab  Plateau  in  northern  Arizona.  A 
belt  of  suitable  July  rainfall  extends  northward  through  the  higher 
mountains  of  central  Utah  into  the  ranges  of  western  Wyoming,  but 
at  altitudes  too  high  for  the  pine.  In  August,  similar  conditions 
obtain,  with  the  heaviest  precipitation  again  occurring  in  the  south- 
ern part  of  the  region.  The  central  Idaho  plateau  is  marked  by 
extremely  low  precipitation. 

The  significance  of  the  seasonal  distribution  of  rainfall  as  it  re- 
lates to  the  occurrence  of  the  western  yellow  pine  type  is  brought 
out  even  more  forcibly  in  Figure  8,  which  shows  the  altitudinal 
relationships  of  the  forest  types  and  precipitation  along  the  section 
illustrated  in  Figure  4. 

The  western  yellow  pine  type  stops  abruptly  in  Idaho  where  the 
May  rainfall  suddenly  drops  below  2  inches  in  the  proper  altitudinal 
belt  below  the  Douglas  fir  zone.  This  coincides  with  the  leeward 
slopes  of  the  Sawtooth  Range  and  other  near-by  uplifts.  Similarly, 
in  southern  Utah  the  type  fails  to  extend  northward  beyond  the  point 
where  the  rainfall  for  July  and  August  falls  below  a  critical  amount 
(about  1.5  inches)  in  the  altitudinal  zone  suited  to  its  temperature 
requirements.  Only  in  the  region  of  northwestern  Wyommg  and 
adjacent  Idaho  (in  the  vicinity  of  point  Cj  fig.  1)  is  western  yellow 
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Figure  7.- — Geographical  distribution  of  mean  monthly  precipitation  in  the  central 
plateau  region  during  the  four  months  of  the  growing  season.  (Compiled  from 
U.  S.  Weather  Bureau  records) 
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pine  absent  from  a  region  in  which  the  precipitation  is  apparently 
favorable.  Here  many  conditions  in  the  upper  sagebrush  type  are 
virtually  similar  to  those  in  the  pine  type  farther  west.  In  June  the 
conditions  are  very  similar ;  also  no  significant  differences  are  appar- 
ent in  July  or  August.  Other  factors  must  therefore  be  sought  to 
explain  the  absence  of  western  yellow  pine  in  this  locality. 


MAY  PRECIPITATION 
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Figure  8. — Altitudinal  relationsliips  of  vegetational  types  and  precipitation  during 
the  four  summer  months  over  the  sections  ABCDEF  shown  in  Fij^ures  1  and  4 

The  fact  that  the  rainfall  during  the  months  of  May,  June,  July, 
and  August  in  the  California  western  yellow  pine  zone  is  lower  than 
in  these  brush  lands  can  not  be  cited  in  refutation  of  the  facts  brought 
out  here.  The  spring  temperatures  in  the  western  yellow  pine  type 
on  the  west  slope  of  the  Sierras  in  California,  as  shown  in  Figure  5, 
are  notably  higher  than  elsewhere,  and  accordingly  the  heavy  April 
rainfall  must  play  an  important  part  in  the  reproduction  of  western 
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yellow  pine  in  that  region.  Thus  the  short  critical  period  between 
germination  and  establishment  of  deep-feeding  rootlets  is  evidently 
passed  under  favorable  conditions. 

SOIL  MOISTURE 

The  influence  of  rainfall  is  undoubtedly  exerted  chiefly  through 
the  moisture  available  in  the  upper  soil  layers  at  the  time  of  germina- 
tion and  early  growth  of  the  seedlings.  The  extent  to  which  such 
variations  in  rainfall  as  are  here  involved  actually  influence  soil  mois- 
ture has  never  been  fully  investigated.  A  comparison  between  a  sta- 
tion in  the  typical  western  yellow  pine  type  of  Arizona  and  another 
in  the  oak  brush  of  central  Utah  reveals  significant  differences  in 
available  moisture  within  the  upper  foot  of  soil,  attributable  to  dif- 
ferences in  rainfall  distribution  during  the  summer  months.  Figure 
9  shows  the  trend  of  soil  moisture  at  these  two  stations.^ 

Like  precipitation,  average  soil  moisture  can  be  determined  only 
after  many  years'  records  have  been  obtained.  The  curves  in  Figure 
9  may  therefore  be  open  to  criticism.     These,  however,  may  be  sup- 
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FiGuuE  9. — March  of  soil  moisture  in  northorn  Arizona  and  central  Utah 

plemented,  to  a  certain  extent  at  least,  by  a  study  of  the  rainfall 
records.  At  the  Fort  Valley  branch  of  the  Southwestern  Forest  and 
Kange  Experiment  Station  the  rainfall  for  May,  June,  July,  and 
August,  1919,  was  77  per  cent  in  excess  of  the  normal  for  these  four 
months,  and  for  the  same  period  in  1920  it  was  39  per  cent  below 
the  normal.  The  excess  for  one  year  and  the  deficiency  for  the  next 
were  fairly  well  distributed  throughout  the  entire  period.  In 
Ephraim  Canyon  at  Manti,  a  valley  station  approximately  6  miles- 
distant  from  the  point  where  the  Utah  soil-moisture  studies  were 
made,  the  rainfall  was  approximately  60  per  cent  above  normal  in 
1917,  the  year  being  marked  by  exceptionally  heavy  May  rainfall. 
In  1918  it  was  12  per  cent  above  normal,  most  of  the  excess  coming 
in  July,  which  had  approximately  three  times  the  usual  fall.     Both 

*  The  Arizona  curves  of  Figure  9  represent  the  march  of  available  soil  moisture  at  a 
depth  of  6  inches  under  western  yellow  pine  cover  at  the  Fort  Valley  branch  of  the 
Southwestern  Forest  and  Range  Experiment  Station  {37,  figs.  4  and  6),  the  curve  for  1919 
heing  taken  from  Figure  4  and  the  curve  for  1920  from  Figure  6  (bat>ed  on  the  curve 
derived  from  soil  samples  taken  on  the  west  side  of  the  trees).  The  Utah  curves  are  based 
on  the  average  of  two  sets  of  determinations,  one  at  a  depth  of  0  to  6  inches,  and  the 
other  at  6  to  12  inches,  both  under  oak-brush  cover  near  the  Gi"eat  Basin  branch  of  the 
Intermountain  Forest  and  Range  Experiment  Station  iu  Ephraim  Canyon,  Manti  National 
Forest. 
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Utah  curves  are  therefore  high,  whereas  one  Arizona  curve  is  high 
and  the  other  low.  The  higher  Utah  curve  and  the  higher  Arizona 
curve  are  comparable. 

These  facts,  considered  in  connection  with  the  curves  in  Figure  6, 
show  that  although  the  brush  lands  have  the  greater  amount  of  avail- 
able soil  moisture  in  the  spring  the  summer  rains  are  insufficient  to 
compensate  for  the  depletion  due  to  evaporation  and  the  demands 
of  vegetation  during  the  periods  between  storms.  In  Arizona,  on 
the  other  hand,  the  rains  are  of  sufficient  intensity  to  bring  about  a 
notable  increase  of  soil  moisture,  which  holds  throughout  the 
remainder  of  the  growing  season.  Western  yellow  pine  seedlings 
resulting  from  germination  in  the  early  spring  are  notably  short-lived 
in  Arizona  (^7),  and  obviously  their  chances  of  survival  are  still 
less  under  the  oak  brush  of  central  Utah.  The  chances  of  germina- 
tion and  growth  during  Julj[  and  August,  the  main  germination 
period  in  Arizona,  are  also  decidedly  minimized  in  Utah  by  the  much 
lower  soil  moisture.  While  no  similar  comparisons  of  soil  moisture 
are  possible  between  brush  sites  and  western  yellow  pine  lands  in 
Idaho,  similar  relationships  doubtless  exist.  The  accumulation  of 
soil  moisture  in  the  winter  seems  to  play  little  or  no  part,  because 
the  critical  zone  is  in  the  upper  soil  layers,  which  dry  out  rapidly 
after  the  snow  melts  in  the  spring. 

EFFECTS   OF  SURFACE  AND   SOIL  MOISTURE   ON   SEEDLING   ESTABLISHMENT 

Experiments  by  Bates  (S)  have  indicated  that  western  yellow  pine, 
though  commonly  considered  as  very  drought  resistant,  uses  a  large 
amount  of  water  under  average  conditions.  However,  Pearson's 
experiments  {S8),  while  confirming  the  water-using  estimates,  seem 
to  prove  that  western  yellow  pine  is  very  well  adapted  to  the  reduc- 
tion of  transpiration  in  time  of  drougnt.  This  faculty,  added  to 
the  seedling's  rapid  development  of  taproot  that  reaches  relatively 
great  depths  in  a  short  time,  seems  to  assure  successful  drought 
resistance  once  the  seedling  is  well  established.  There  is,  nevertheless, 
a  short  but  very  critical  period  immediately  following  germination 
when  abundant  moisture  in  the  upper  soil  layers  is  absolutely  indis- 
pensable. It  is  thus  evident  that  distribution  of  rainfall  and  such 
soil  characteristics  as  relate  to  the  corresponding  moisture  supply 
may  be  very  important  in  defining  the  range  and  occurrence  of 
western  yellow  pine. 

The  facts  thus  far  considered  strongly  suggest  that  the  distribution 
of  western  yellow  pine  in  the  intermountain  region  is  determined 
chiefly  by  seasonal  precipitation.  This  assumption  is  substantiated 
by  conditions  in  western  Idaho,  where  western  yellow  pine  finds 
favorable  temperatures,  and  rainfall  in  May  is  approximately  2 
inches,  or  about  the  minimum  required  for  the  germination  and  early 
development  of  western  yellow  pine.  The  root  systems  of  the  newly 
germinated  plants  develop  downward  with  great  rapidity  and  become 
established  before  the  advent  of  the  dry  period,  which  reaches  its 
maximum  intensity  during  the  latter  part  of  July  and  August.  But 
on  the  leeward  (east)  side  of  the  Sawtooth  Kange  and  adjacent 
uplifts.  May  precipitation  in  the  zone  having  temperatures  suited  to 
western  yellow  pine  suddenly  drops  to  less  than  2  inches.     Under 
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these  conditions  western  yellow  pine  is  unable  to  germinate  and 
develop  a  root  system  capable  of  supplying  sufficient  water  for  its 
existence. 

The  absence  of  western  yellow  pine  in  eastern  Idaho  and  adjacent 
parts  of  Wyoming,  where  rainfall  again  becomes  sufficient  for  its 
development  in  the  zone  immediately  below  the  Douglas  fir  (figs. 
7  and  8)  must  be  explained  by  factors  other  than  May  precipitation 
alone.  Here  the  extreme  dryness  in  June  characteristic  of  the  great 
belt  extending  southward  from  the  upper  Snake  River  plains  through 
Idaho  and  northern  Utah  is  very  trying,  and,  as  already  noted,  where 
germination  and  early  development  of  seedlings  in  early  May  have 
been  hindered  by  the  cold,  these  long,  hot,  dry  days  of  June  prove  too 
severe  for  roots  not  sufficiently  developed  to  reach  the  deeper  soil 
moisture.  This  is  invariably  the  history  of  western  yellow  pine 
seedlings  which  spring  up  in  May  from  seed  artificially  sown  in  this 
region. 

In  the  south  plateau  region  May  is  normally  dry  and  June  exceed- 
ingly dry.  Here  very  little  spring  germination  of  western  yellow 
pine  occurs,  and  none  of  the  seedlings  which  occasionally  start  sur- 
vive this  dry  period.  In  July,  however,  heavy  rains  begin  and  nor- 
mally continue  through  August.  Rapid  germination  follows  during 
the  warm  weather,  and  roots  are  quickly  developed  and  penetrate 
deeply,  making  it  possible  for  the  seedlings  to  maintain  themselves. 
Farther  north,  more  precipitation  occurs  in  July  and  August  than 
in  June,  but  soil  moisture  here,  as  shown  in  Figure  9,  remains  notably 
inferior  to  that  in  the  Southwest.  The  rains  are  less  frequent  and 
lighter,  and  the  seedlings  which  spring  up  are  unable  to  develop  a 
taproot  before  the  advent  of  a  dry  period  which  they  are  unable  to 
withstand.  The  heaviest  summer  rains  in  the  brush-land  zone  usually 
occur  in  August,  whereas  in  Arizona  July  is  somewhat  wetter  than 
August.  Germination  in  the  brush  lands,  therefore,  occurs  later 
and  plants  from  artificially  sown  seed,  although  they  are  occasion- 
ally successful  in  surviving  the  dry  periods  between  storms  in  August, 
are  so  young  and  tender  that  they  invariably  succumb  to  the  frosts 
which  usually  occur  during  the  first  week  in  September.  The  distri- 
bution of  rainfall  through  the  summer,  as  well  as  the  foresummer, 
thus  plays  a  leading  -role  in  determining  the  range  of  western  yellow 
pine. 

SOIL 

Although  rainfall  distribution  fixes  the  general  limits  of  the  west- 
ern yellow  pine  lands,  any  closely  defined  boundary  between  these 
lands  and  the  brush  lands  must  be  determined  mainly  through  the 
study  of  soil  conditions,  since  the  critical  factor,  available  soil  mois- 
ture, may  be  greatly  modified  locally  by  soil  character.  Moreover, 
soil  texture  and  structure  may  account  not  only  for  water-holding 
capacity  and  available  soil  moisture  but  also  for  the  degree  of  aera- 
tion and  penetrability  both  by  soil  moisture  and  by  plant  roots. 
With  the  object  of  determining  the  effect  of  soil  conditions  on  the 
problem  at  hand,  a  number  of  samples  of  soil,  both  in  the  pineless 
belt  and  in  the  western  yellow  pine  type,  were  submitted  to  the 
laboratory  tests  summarized  in  Table  5. 
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COMPARISON  OF  WESTERN  YELLOW  PINE  AND  BRUSH-LAND  SOILS 

Light  as  well  as  heavy  textured  soils  are  found  both  in  the  western 
yellow  pine  region  and  in  the  brush-land  belt-  Nevertheless,  those 
of  heavy  texture  seem  to  be  more  common  in  the  pineless  area.  These 
vary  from  silt  loam  to  heavy  compact  waxy  clay,  and  only  occasion- 
ally does  a  loam  or  a  sandy  loam  occur.  A  high  lime  content  is 
prevalent.  The  open-textured  and  porous  soils  that  are  present  in 
the  pineless  belt  are  found  more  commonly  in  the  northern  part  of  it. 

No  consistent  differences  in  soil  texture  are  reflected  in  the  mois- 
ture-holding constants  of  the  soils  from  the  western  yellow  pine 
lands  and  brush  lands,  although  there  is  a  marked  tendency  for  the 
wilting  coefficient  and  water-holding  capacity  to  be  lower  in  the  pine- 
land  soils  than  in  those  from  the  typical  brush  lands.  Low  wilting 
coefficients  and  water-holding  capacities  are  correlated  with  light 
porous  soils.  Some  of  the  heaviest  soils  supporting  pine  stands  (as 
judged  by  the  water-holding  capacity)  lie  far  within  the  western 
yellow  pine  zones  where  rainfall  is  very  favorable,  as  in  the  case  of 
sample  No.  42,  from  the  Weiser  National  Forest  (Table  5)  which  has 
the  highest  water-holding  capacity  of  all  soils  collected.  Sample  No. 
40,  the  next  highest  of  the  heavy  soils,  comes  from  the  pine  region  of 
Arizona,  and  other  samples  showing  values  nearly  as  high  come  from 
near  the  limits  of  the  western  yellow  pine  (samples  Nos.  18,  19,  and 
22).  It  is  notable,  however,  that  one  of  the  lightest  soils  (sample 
No.  37)  comes  from  an  outlying  body  of  pine,  well  within  the  general 
brush-land  region.  That  these  points  are  more  than  mere  coincidences 
is  clear  when  the  reaction  of  western  yellow  pine  to  soil  texture  is 
noted. 

The  soluble  humus  present  in  the  soil,  as  determined  by  the 
Grandeau  method  (20)  of  extraction  with  ammonia,  shows  no  con- 
sistent difference  between  the  western  yellow  pine  lands  and  the  brush 
lands.  It  is  likewise  impossible  to  point  to  the  hydrogen-ion  concen- 
tration (pH)  as  a  vitally  important  factor  in  limiting  the  occurrence 
of  western  yellow  pine.  The  pH  exponent  indicates  that  in  all  cases 
under  study  in  southern  Utah,  northern  Arizona,  and  Colorado, 
western  yellow  pine  w^as  found  growing  on  either  neutral  or  alkaline 
soil.  For  Deadman's  Gulch  soil  on  the  Pike  National  Forest  in 
Colorado  a  pH  value  as  high  as  9.1  was  recorded. 

Natural  reproduction  was  less  abundant  and  less  vigorous,  how- 
ever, on  the  more  alkaline  soils.  This  condition  was  noted  particu- 
larly on  the  arenaceous  limestone  area  south  of  Flagstaff,  Ariz.,  in 
the  Coconino  National  Forest,  Lower  Joe's  Valley  in  the  Manti 
National  Forest,  Sweetwater  Canyon  in  the  Sevier  National  Forest, 
Oak  Creek  in  the  San  Isabel  National  Forest,  and  Deadman's  Gulch 
in  the  Pike  National  Forest. 

SENSITIVENESS   OF   WESTERN   YELLOW    PINE    TO    SOIL    CONDITIONS 

In  view  of  the  close  relationship  already  shown  to  exist  between 
the  range  of  western  yellow  pine  and  rainfall  distribution,  it  is  not 
surprising  to  find  this  species  readily  affected  by  the  factors  which 
influence  soil  moisture.  The  way  in  which  it  extends  down  stream 
courses  into  climatic  zones  elsewhere  too  dry  is  a  universal  expression 
of  the  need  of  ample  soil  moisture.    Watson  {51)  has  noted  this  par- 
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ticularly  in  Arizona  and  New  Mexico  and  finds  that  soil  moisture  is 
the  primary  factor  involved.  At  the  same  time  western  yellow  pine 
reproduces  and  develops  best  on  light  soils,  even  where  water  sup- 
plies are  ample,  and  there  is  accordingly  considerable  evidence  that 
soil  factors  other  than  those  strictly  affecting  moisture  content  exer- 
cise a  considerable  influence  upon  the  species.  For  example,  in  an 
experiment  (2)  carried  out  at  the  Great  Basin  Experiment  Station,^ 
survival  of  seedlings  was  much  the  best  on  light  porous  soils,  even 
though  all  were  watered  so  thoroughly  and  frequently  that  the  wilt- 
ing point  was  never  approached  and  the  water-holding  properties  of 
the  soil  presumably  had  no  influence  on  the  development  of  the 
seedling. 

Pearson  (37)  also  notes  that  pine  reproduction  in  Arizona  and  New 
Mexico  is  uniformly  better  on  the  coarii^r  sandy  and  gravelly  or  stony 
soils  than  on  finer  soils.     Since  the  finer  soil  materials  are  deposited 


Figure  10. — Western  yellow  pine  of  good  development  on  open,  porous,  gravelly 
slope  soils,  giving  way  to  grass  and  sagebrush  on  heavier,  finer-textured,  more  com- 
pact soils  of  the  flats.     (Sevier  Plateau,  Sevier  National  Forest,  Utah) 

in  the  valleys  and  flats,  reproduction  is  usually  poorer  in  such  situa- 
tions than  on  slopes.  The  writers  have  repeatedly  noted  that  small 
ravines  and  depressions  that  usually  have  a  silty  soil  support  little  if 
any  western  yellow  pine,  though  the  sandy  or  gravelly  slopes  a  few 
yards  away  bear  well-stocked  stands.  (Fig.  10.)  On  rocky,  stony 
soils  reproduction  is  often  excellent;  the  deepest  and  most  fertile 
soils,  which  ultimately  produce  the  best  stands,  may  be  unfavorable 
to  the  establishment  of  seedlings.  A  detailed  study  carried  out  on  a 
sample  plot  showed  a  progressive  increase  in  the  number  of  seedlings 
to  the  acre  with  increased  proportions  of  gravel  and  stone  in  the  clay 
soil.     This  is  in  a  region  where  conditions  are  favorable  to  the  germi- 


*  Now  a  field  station  of  the  Intermountain  Forest  and  Range  Experiment  Station. 
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nation  and  growth  of  western  yellow  pine  seedlings.  Many  other 
investigators  have  noted  the  same  tendencies. 

In  Washington  and  adjacent  Idaho,  Larsen  {31)^  Piper  (4^),  and 
Weaver  {63)  found  that  western  yellow  pine  exhibited  a  marked 
preference  for  soil's  of  granitic  origin,  and  that  wherever  such  soil 
is  found,  even  if  completely  isolated,  western  yellow  pine  is  almost 
sure  to  occur,  whereas  this  species  encroaches  on  the  clayey  soils  with 
difficulty. 

Plantations  in  the  oak-brush  region  show  much  higher  survival  in 
light  soils  than  in  heavy  ones  with  prevailingly  better  moisture  con- 
ditionSj  as  will  be  shown  later. 

Detailed  studies  to  determine  the  effect  of  lime,  especially  in  large 
quantities,  upon  the  growth  and  development  of  western  yellow  pine, 
have  not  been  carried  out.  It  has  been  shown,  however,  that  an 
extremely  high  lime  content  in  the  soil,  as  in  certain  heavy  cal- 
careous loam  and  clay  soils  *  in  the  brush  lands  of  central  Utah,  may 
induce  chlorosis  in  western  yellow  pine  seedlings,  as  well  as  in  asso- 
ciated conifers,  through  rendering  the  iron  unavailable  for  plant 
growth  {30). 

The  sensitiveness  of  western  yellow  pine  to  lime  is  also  noted  by 
Watson  {51)^  who  reports  that  m  north-central  New  Mexico  western 
yellow  pme  is  frequently  replaced  by  Kocky  Mountain  red  cedar 
{Jimiperus  scopulorum)  along  lime-charged  streams.  It  is  clear 
that  much  lime  in  the  soil  is  unfavorable  to  western  yellow  pine. 

The  most  notable  instance  in  the  entire  region  where  qualities  of 
soil  extend  or  limit  the  distribution  of  western  yellow  pine  is  in  the 
long  strip  of  isolated  occurrences  extending  northward  along  the 
eastern  edge  of  the  Fishlake  and  Wasatch  Plateaus.  Here,  upon  sand- 
stone cliffs,  this  species  extends  far  beyond  the  region  where  it  is 
generally  found  and  loosely  connects  with  the  bodies  in  the  Uinta 
Mountains.  Outside  of  the  stream  bottoms  it  is  hardly  ever  found 
in  the  brush-lands  belt  except  on  sandy  soils.  In  the  pineless  area 
in  the  upper  part  of  the  Snake  Eiver  plain  the  western  yellow  pine 
would  apparently  have  sufficient  rainfall,  and  its  absence  may  reason- 
ably be  attributed  to  unfavorable  soil.  The  soil  of  these  rolling 
plains  below  the  mountains  is  compact  and  heavy,  and  the  mountain 
conifer  types,  such  as  Douglas  fir  and  lodgepole  pine,  stop  abruptly 
where  the  heavier  soil  of  the  plain  is  reached.  Evaporation  is  also 
somewhat  higher  in  this  region  than  it  is  farther  west,  where  yellow 
pine  is  found  under  virtually  the  same  rainfall  conditions. 

It  is  thus  evident  that  a  strong  influence  is  exerted  by  the  soil 
upon  the  local  distribution  of  western  yellow  pine.  A  light,  sandy, 
or  rocky  soil  has  decidedly  a  favorable  effect,  whereas  a  heavy  close- 
textured  one  is  distinctly  unfavorable  and  may  even  exclude  western 
yellow  pine  where  the  rainfall  is  only  slightly  unfavorable. 
Although  the  relative  importance  of  the  presence  of  lime  in  the 
soil  in  limiting  distribution  is  not  definitely  known,  lime  is  clearly 
most  effective  under  a  light  rainfall  that  favors  its  accumulation  in 
the  upper  soil  layers. 

*  Such  accumulations  are  usually  found  in  swales  where  the  rainfall  has  been  insuffi- 
cient to  leach  the  soluble  salts  from  the  soil.  Soils  derived  from  limestone  in  the  South- 
west do  not  show  nearly  so  pronounced  a  lime  reaction,  presumably  because  th^j  lime  is 
washed  from  the  upper  soil  layers  by  the  heavier  rainfall. 
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A   SPECIFIC  TEST  OF  THE  INFLUENCE  OF  MOISTURE  AND   SOIL 

The  relation  of  western  yellow  pine  to  rainfall  distribution  and 
soil  characteristics  has  been  further  tested  by  the  study  of  a  specific 
case,  the  results  of  which  confirm  the  correctness  of  the  general 
investigation  by  supporting  the  conclusion  that  soil,  especially  in 
its  moisture  relations,  frequently  governs  the  local  distribution  of 
the  species.  In  this  test  a  study  was  made  of  climatic  factors  at 
two  stations  some  25  miles  apart  on  the  Wasatch  Plateau,  in  Utah, 
one  in  the  oak-brush  belt  of  Ephraim  Canyon  on  the  west  slope  and 
the  other  in  an  outlying  body  of  western  yellow  pine  on  the  east 
slope  of  the  plateau. 

In  the  western  yellow  pine  type  a  cooperative  Weather  Bureau 
station  was  operated  through  the  summer  seasons  of  1917,  1918, 
and  1919:  the  oak-brush  station  was  the  transition-zone  station  of 


Figure  11. — The  pines  climatological  station  on  the  Manti  National  Forest,  Utah. 
Here  the  ground  cover  is  composed  mainly  of  short,  scrubby  sugebiu.sh  (Artemisia). 
Much  of  the  thin,  sandy  soil  in  the  vicinity  of  this  station,  however,  supports  a 
scattered  ground  cover  consisting  chiefly  of  manzanita  (Arctostaphylos)  and  bit- 
terbrush  (Purshia) 

the  (then)  Great  Basin  Experiment  Station.  This  climatological 
station  was  equipped  with  a  rain  gage  and  a  standard  instrument 
shelter,  containing  a  thermograph  and  maximum  and  minimum 
thermometers.     (Fig.  11.) 

The  oak-brush  station  is  situated  in  the  middle  of  the  typical 
oak-brush  zone  at  an  elevation  of  7,100  feet.  The  locality  is  char- 
acterized by  an  extensive  slope  having  a  generally  western  exposure 
broken  into  an  undulating  surface  by  low  east  and  west  ridges. 
The  station  is  located  on  a  gentle  southern  exposure  of  one  of  these 
ridges.  The  pines  station  was  situated  at  an  elevation  of  8,200  feet 
upon  an  extensive,  almost  level  sandstone  bench,  the  greater  part  of 
which  is  covered  by  a  pure  stand  of  western  yellow  pine  of  some- 
what inferior  development. 
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The  soil  in  the  oak-brush  zone  of  Ephriam  Canyon  is  calcareous 
and  heavy,  much  of  it  being  silt  loam,  clay  loam,  or  clay.  Its  wilt- 
ing coefficient  is  about  15  per  cent.  At  the  pines  station  the  soil  is 
very  light  and  very  sandy,  as  reflected  by  a  wilting  coefficient  of 
3.3  per  cent.  This  difference  is  obviously  of  considerable  importance 
in  determining  the  suitability  of  the  two  sites  for  western  yellow 
pine. 

The  pines  station,  as  might  logically  be  expected,  has  much  the 
lower  mean  temperature  throughout  the  growing  season.  This,  how- 
ever, is  owing  rather  to  abnormally  low  mean  minima  than  to  low 
maximum  temperatures.  (Table  6.)  These  abnormal  minima  were 
peculiar  to  the  pines  station ;  elsewhere  in  this  locality  temperatures 
are  very  similar  to  the  higher  western  yellow  pine  type  in  Arizona 
(^6).  The  explanation  probably  lies  in  the  poor  air  drainage  on 
the  western  yellow  pine  flat,  which  is  tilted  down  slightly  to  the 
west  toward  the  high  mountains.  The  belt  above  the  oaks  stations 
on  the  west  slope  of  the  range,  which  has  the  same  temperature 
characteristics  as  the  pines  station,  is  covered  with  the  Douglas  fir 
type — aspen,  white  fir  {Ahies  concolor),  and  Douglas  fir. 

Tabi^  6. — Temperatures  in  degrees  Fahrenheit  at  the  pines  and  oaks  stations  m 
the  Manti  National  Forest,  central  Utah 


M 

EAN  MAXIMUM  TEMPERATURES 

Month 

1916 

1917 

1918 

1919 

Pines 

Oaks 

Pines 

Oaks 

Pines 

Oaks 

Pines 

Oaks 

May 

64.7 
71.7 
76.6 
76.0 
65.0 

67.8 

June 

"" 

81  0 

July 



78.5 
73.4 
63.4 

83.8 
79.9 
70.9 

173.4 

2  74.0 
61.5 

3  51.0 

79.0 
79.9 
71.8 

83.9 

August 

80  4 

September 

72  0 

52.4 

52.9 

MEAN  MINIMUM 

TEMPERATURES 

May - 

33.4 
33.6 
43.1 
43.3 
36.9 

36.0 

June 

48.0 

July 

45.9 
40.8 
33.6 

54.3 
49.9 
43.2 

1  45.5 

2  40.1 
30.3 

3  28.1 

52.1 
60.1 
44.0 

55.5 

52.1 

September 

48.0 

October 

28.6 

29.6 

1  Eight  days'  records  missing.  2  six  days'  records  missing.  3  Four  days'  records  missing. 

The  summer  temperatures  at  the  oaks  station  are  similar  to  those 
in  the  lower  western  yellow  pine  type  and  the  upper  pinon- juniper 
type  in  Arizona.  This  is  further  evidence  that  it  is  not  temperature 
that  keeps  western  yellow  pine  out  of  the  oak-brush  type,  although 
the  higher  temperatures  naturally  tend  to  make  moisture  deficiencies 
more  difficult  to  withstand. 

As  already  shown  the  total  precipitation  and  its  distribution 
throughout  the  year  are  of  great  importance  in  determining  the 
range  of  western  yellow  pine.  Because  the  precipitation  records  at 
the  pines  station  cover  so  short  a  period,  data  for  the  older  Weather 
Bureau  stations  at  Emery  and  Manti,^  the  two  valley  stations  nearest 

6  Emery  is  about  6  miles  distant  from  the  pines  station  and  2.000  feet  lower.  Manti  is 
about  8  miles  distant  from  the  Ephraim  Canyon  oak-brush  station  and  is  1^300  feet  lower. 
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to  the  pines  and  oak-brush  stations,  are  used  to  show  the  seasonal 
distribution  of  precipitation.  (Fig.  12.)  The  distribution  of  rain- 
fall at  Emery  resembles  that  of  the  south  plateau  type,  especially 
in  summer.  It  has  a  single  culmination  in  August,  which  rises  from 
a  flat  minimum  lasting  from  November  until  the  following  June. 
The  precipitation  at  Manti  is  typical  of  that  of  the  central  plateau 
type,  having  the  lowest  spring  record  in  May,  a  secondary  rise  in 
September,  and  a  well-defined  minimum  in  June.  This  indicates  that, 
while  normally  the  pines  station  suffers  as  extreme  drought  as  the 
oak  brush  in  June,  in  July  it  is  fully  as  wet,  and  in  August  is  much 
better  watered.  Of  all  the  growing  season.  May  seems  to  be  least 
favorable  at  the  pines  station.  However,  because  of  the  elevation 
(8,200  feet)  moisture  from  melting  snow  is  abundant  at  the  pines 
station  in  May  and  early  June.     Given  equal  annual  precipitation, 


Mar 


Dec. 


Figure  12. — March  of  mean  monthly  precipitation  at  Manti  near  the  oaks  station 
and  at  Emery  near  the  pines  station  on  the  Wasatch  Plateau.  The  means  for 
Manti  cover  the  period  from  1892  to  1920,  while  those  for  Emery  are  for  the 
period  from  1901  to  1920 

the  type  of  rainfall  at  Emery  is  obviously  more  efficient  than  that 
at  Manti. 

The  true  explanation  of  the  presence  of  western  yellow  pine  in  one 
place  and  its  absence  in  the  other  apparently  lies  in  the  combined 
influences  of  the  following  factors  that  favor  the  pine  over  the  oak 
at  the  pines  station  and  have  opposite  effects  at  the  oaks  station. 

At  the  pines  station  the  low  minimum  temperatures  in  the  spring, 
coupled  with  moderate  maxima,  tend  to  delay  snow  melting  and  yet 
allow  growth  to  proceed  in  frost-resistant  species  like  western  yellow 
pine.  These  low  spring  temperatures  and  the  late  frosts  apparently 
prevent  normal  fruiting  of  the  oak  brush. 

The  July  precipitation  probably  results  in  no  great  deficit  in  the 
western  yellow  pine  type,  at  least  not  to  the  extent  that  it  does  in  the 
oak  brush.  In  August  the  pines  area  receives  considerably  more  rain 
than  the  oak-brush  station. 

The  sandy  soil  at  the  pines  station  is  more  suitable  to  the  germina- 
tion and  early  growth  of  western  yellow  pine  than  the  heavy  cal- 
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careous  soil  of  the  oak-brush  belt;  also  its  porosity  and  flat  surface 
permit  a  very  complete  absorption  of  rainfall. 

The  sandy  soil  loses  water  by  evaporation  more  slowly  than  the 
heavier  clay  loam. 

The  underlying  iron-cemented  sandstone  layer  at  the  pines  station 
is  nearly  horizontal  and  full  of  pits  and  hollows,  hindering  complete 
subterranean  drainage,  whereas  the  subsoil  in  the  oak-brush  type  is 
permeable  and  extends  very  far  down. 

At  the  pines  station,  western  yellow  pine  has  little  competition 
from  other  conifers  or  from  large  shrubs  for  the  scanty  water  sup- 
plies of  the  upper  soil.  Sagebrush  or  other  smaller  vegetation  will 
not  grow  luxuriantly  on  the  relatively  infertile,  thin,  sandy  soil. 

RESULTS  OF  PLANTINGS 

The  more  important  conclusions  of  the  study  of  climatic  and  soil 
conditions  at  the  pines  and  oaks  stations  on  the  Manti  National 
Forest  and  on  other  western  yellow  pine  lands  and  brush  lands  were 
tested  further  by  a  special  investigation  of  the  possibility  of  foresta- 
tion  within  the  brush  zone.  Experience  in  these  and  in  other  foresta- 
tion  studies  has  shown  that  planted  stands  often  develop  normally 
in  regions  where  natural  regeneration  is  impossible.  The  fact  that 
the  brush  lands  are  not  natural  western  yellow  pine  sites,  therefore, 
would  not  necessarily  preclude  successful  planting.  Indeed,  the  im- 
portance of  the  factor  found  to  be  chiefly  responsible  for  the  absence 
of  western  yellow  pine  in  the  brush  lands — insufficient  soil  moisture 
in  the  upper  soil  layers  during  a  short  critical  period  immediately 
following  germination — may  in  some  cases  be  very  greatly  reduced 
in  planting. 

Although  early  field  plantations  had  yielded  surprisingly  poor 
results — a  heavy  loss  almost  invariably  occurring  during  the  first 
few  years  (29) — experimental  plantings  were  made  on  a  number 
of  different  sites  within  the  brush  belt  to  confirm  these  results  and 
to  determine  what  sites  were  most  suitable  for  the  introduction  of 
western  yellow  pine. 

EXPERIMENTAL  PLANTATIONS 

Plantations  were  established  in  the  oak-brush  belt  in  Ephraim 
Canyon  on  the  Manti  National  Forest  in  central  Utah,  in  the  oak- 
brush  belt  on  the  Beaver  Creek  watershed  at  the  west  end  of  the 
Uinta  range,  and  on  various  brush  areas  in  Big  Cottonwood  Canyon 
in  the  Wasatch  Mountains  in  northern  Utah,  as  well  as  on  the  Mink 
Creek  watershed  about  10  miles  southwest  of  Pocatello  on  the  Cache 
National  Forest  in  southern  Idaho.  The  Ephraim  Canyon  water- 
shed was  studied  most  intensively,  but  sufficient  work  was  done  on 
the  other  areas  to  serve  as  a  check  on  the  major  study  and  in  some 
ways  to  supplement  it. 

EPHRAIM  CANYON  WATERSHED,  MANTI  NATIONAL  FOREST,  CENTRAL  UTAH 

Peocedure 

A  compact  area  at  an  elevation  of  approximately  7,400  feet  in  the 
middle  of  the  oak-brush  type  was  selected  on  the  Ephraim  Canyon 
watershed.     The  mean  annual  temperature  here  is  approximately 
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42°  F.,  and  the  climate  during  the  growing  season  resembles  that  of 
the  lower  western  yellow  pine  or  upper  pifion- juniper  type  of  north- 
ern Arizona.  The  mean  annual  precipitation  is  17.81  inches  (1914- 
1919).  The  greater  part  of  this  falls  during  the  winter  in  the  form 
of  snow.  The  site  usually  becomes  free  of  snow  about  April  15, 
after  which  occasional  snows  and  rains  occur  until  the  middle  of 
May.  After  this  comes  a  period  of  drought  usually  lasting  until 
the  latter  part  of  July  or  early  August.  During  this  period  cloud- 
less weather  prevails,  although  occasional  light  showers  may  occur, 
especially  in  late  May  and  early  July. 

Five  main  sites  were  selected  in  1917  for  this  experiment,  and 
another  was  added  the  following  year.  These  sites  are  located  in 
a  small  basin  having  a  generally  western  exposure.  (PL  1,  B.)  The 
sandstone  and  residual  clay  of  the  ridge  bounding  the  basin  on  the 
north  give  rise  to  a  very  shallow,  infertile,  light-colored  soil  having  a 
relatively  small  admixture  of  humus.  To  the  south  the  bounding 
ridge  is  of  nearly  pure  limestone  and  has  a  darker  soil  containing 
more  clay.    The  sites  selected  were  as  follows : 

(1)  On  the  top  of  the  ridge  to  the  north  of  the  basin,  in  a  low 
cover  of  manzanita  {Arctostaphylos  pungens)  not  over  18  inches  in 
height;  between  the  clumps  of  brush,  extensive  open  spaces  prac- 
tically without  vegetation. 

(2)  Immediately  south  of  the  preceding  site  on  the  slope  of  the 
ridge,  where  squaw-apple,  locally  known  as  wild  apple  {Peraphyl- 
lum  ramosissimum)  and  common  mountain-mahogany  {Cercocar- 
pus  inontanus)  predominate;  considerable  areas  of  bare  ground  be- 
tween the  clumps.  On  both  this  and  the  preceding  site  scattered 
pifion  pine  and  Utah  juniper  are  found. 

(3)  A  sagebrush  {Artemisia  trident  at  a)  flat  in  the  bottom  of  the 
basin,  having  a  deep  black  clay  loam  soil  which  becomes  very  hard 
and  dry  in  summer.  (PL  2,  A.)  The  cover  is  moderately  dense 
sagebrush,  2  to  2l^  feet  tall. 

(4)  A  site  similar  to  the  third  but  from  which  the  sagebrush  and 
all  other  vegetation  was  removed  with  a  grubbing  hoe. 

(5)  A  short  slope  with  western  aspect  covered  with  thrifty  oak 
brush  (Quercus  utahensis)  from  6  to  10  feet  tall;  soil  of  limestone 
origin  and  well  supplied  with  humus,  particularly  in  the  immediate 
vicinity  of  the  oak  clumps. 

(6)  An  oak-brush  site  on  the  steep  north-facing  slope  of  the  ridge 
bounding  the  basin  on  the  south.     Sites  similar  to  this  commonly 

bear  scattered  Douglas  fir,  white  fir,  and  Rocky  Mountain  red  cedar,, 
although  none  occur  on  the  particular  area  planted. 

On  each  of  the  first  five  sites  one  hundred  2-1  western  yellow  pine 
transplants^  were  planted  in  the  spring  of  1917;  the  same  number 
was  planted  on  all  six  sites  in  the  spring  of  1918.  A  2-year  record 
of  evaporation  on  these  sites  was  obtained  by  means  of  Shive's  {Jfi) 
improved  form  of  the  Livingston  standardized  rain-correcting  porous- 
cup  atmometer  {33).  Soil  samples  were  taken  often  enough  to  show 
the  march  of  soil  moisture  during  the  growing  season. 

The  results  of  these  plantings,  expressed  m  survival,  vigor,  and 
growth  rate,  are  given  in  Table  7.     They  indicate  considerable  differ- 

«  Seedlings  grown  two  years  in  the  seed  bed  and  one  year  in  the  transplant  bed. 
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ence  in  the  suitability  of  these  brush-land  sites  for  the  planting  of 
western  yellow  pine.  Taking  into  account  all  the  combined  evidence 
on  survival,  vigor,  and  growth  rate,  the  best  results  were  obtained 
on  the  cleared  sage  site.  Here  the  survival  was  highest,  growth  most 
rapid,  and  the  increase  in  vigor  most  marked  between  the  third  year 
and  the  time  of  the  last  examination.  Where  the  sage  was  not  cleared 
there  was  a  heavy  mortality,  but  the  transplants  which  survived,  as 
evidenced  by  the  increase  in  vigor  and  growth  rate,  became  well 
rooted  and  capable  of  competing  successfully  with  the  sagebrush. 

Table  7. — SurvimU,  vigor,  and  rate  of  height  growth  in  plantations  of  western 
yellow  pine  on  oaHc-zane  sites  in  Ephraimv  Ca/nyon,  Manti  National  Forest, 
Utah* 


Proportion 
of  vigorous 

Survival 

trees  to 
number  of 
survivors 

Average  annual  height  growth 

Site 

1 

1 

1 

X3 

>> 

1 

i 

1 

1 

xJ 

xi 

1 

.g 

8 

n 

1 

.a 

"i 

e 

1 

1 

Ph 

CQ 

H 

Ph 

^ 

H 

^ 

f^ 

m 

E-" 

fe 

^ 

P.ct. 

P.ct. 

P.ct. 

p.ct. 

P.ct. 

P.ct. 

p.ct. 

Inches 

Inches 

Inches 

Inches 

Inches 

(1)  Manzanita... 

62 

54 

50 

47 

32 

66 

46 

0.40 

0.50 

0.61 

0.39 

0.50 

(2)  Squaw-apple 

(3)  Sagebrush 

72 

50 

44 

41 

19 

46 

54 

.22 

.26 

.45 

.50 

.80 

57 

46 

42 

22 

19 

65 

98 

.18 

.59 

.46 

.89 

2.43 

(4)  Cleared  sagebrush. 

68 

58 

51 

46 

39 

34 

68 

.21 

.91 

1.47 

2.59 

10.19 

(5)  Oak  (west  aspect). 

(6)  Oak  (north  aspect) 

77 

52 

39 

23 

15 

85 

27 

.22 

.65 

.67 

.85 

.62 

92 

79 

64 

28 

45 

46 

.62 

.44 

.98 

1.09 

•  One  hundred  transplants  were  planted  on  each  of  the  sites  in  May,  1918,  on  each  of  the  sites  except 
he  oak  (north  aspect)  in  May,  1917,  and  on  the  manzanita  site  alone.in  April,  1916, 

2  The  last  examination  of  all  the  sites  was  in  the  autumn  of  1924,  seven  growing  seasons  after  the  last 
planting. 


Reduction  in  vigor,  accompanied  by  very  slow  growth,  is  to  be 
noted  in  the  manzanita  and  west-aspect  oak-brush  plantations.  The 
latter,  together  with  the  wild  apple  and  uncleared  sage  sites,  shows  a 
very  low  survival. 

FACfTORS  Influencing  Results 


The  usually  heavier  mortality  during  the  first  year,  shown  in  Table 
7,  suggested  that  certain  factors  were  especially  influential  during 
that  period  and  that  perhaps  there  was  a  difference  between  the  causes 
of  initial  mortality  and  those  leading  to  later  losses.  A  study  was 
accordingly  made  of  several  of  these — soil  moisture,  evaporation,  soil 
texture,  light,  and  damage  by  snowshoe  rabbits — to  determine  their 
influence  upon  the  survival  and  development  of  the  planted  pine.  In 
general,  soil  moisture  was  found  to  be  the  most  important  at  all  times 
and  particularly  during  the  first  year.  Evaporation  and  soil  texture, 
also,  were  more  effective  the  first  year  than  later;  rabbit  injury  and 
light  became  more  important  later  on. 

SOIL  MOISTURE 

The  moisture  available  for  plant  growth,  rather  than  the  total 
moisture  present  in  the  soil,  has  been  taken  as  the  significant  index 
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in  this  work.  The  wilting  coefficient  of  all  the  soils  was  determined 
in  the  biophysical  laboratory  of  the  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  by  the  Briggs  and  Shantz  cen- 
trifugal method  (8).  The  available  moisture  at  a  depth  of  6  to  12 
inches  is  considered  of  the  greatest  importance  because  the  trans- 
plants have  no  feeding  roots  in  the  upper  6  inches  of  soil  (^6) .  The 
seasonal  march  of  available  soil  moisture  at  a  depth  of  6  to  12  inches 
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Figure  13. — March  of  available  soil  moisture  at  depth  of  6  to  12  inches  and  daily 
precipitation,  oak-brush  zone,  Ephraim  Canyon  watershed,  Manti  National  Forest, 
Utah,  season  of  1917.  (Seasonal  average  shown  by  horizontal  lines  at  left  of 
graph) 

on  the  several  sites,  together  with  the  daily  precipitation  for  the 
growing  seasons  of  1917  and  1918,  is  shown  gi^aphically  in  Figures 
13  and  14,  respectively,  and  the  curved  averages  for  those  sites  in  the 
oak-brush  zone  which  have  two  or  more  season's  record  are  shown  in 
Figure  15.  The  mean  total  soil  moisture  and  wilting  coefficients  at 
the  6  to  12  inch  depth  for  the  growing  seasons  of  1917  and  1918,  and 
a  summary  of  the  evaporation  data  for  the  seasons  of  1917,  1918,  and 
1919,  are  given  in  Table  8. 
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Takle  8. — Summary  of  soil-moisture  and  evaporation  data  on  experimental 
planting  areas,  Ephraim  Canyon  watershed,  Mwnti  National  Forest,  Utah, 
growing  seasons  of  1917,  1918,  and  1919 


Site 


Mean  seasonal  total  soil 
moisture  at  depth  of 
6  to  12  inches 


1917 


Aver- 
age 


Wilting 


cient  of 
soil  1 


Mean  daily  evaporation 


1918 


1919 


Aver- 
age 


(1)  Manzanita 

(2)  Squaw-apple 

(3)  Sagebrush 

(4)  Cleared  sagebrush 

(5)  Oak  (western  aspect) 

(6)  Oak  (northern  aspect)-- . 


Per  cent 
13.9 
13.5 
19.7 
20.4 
21.8 


Per  cent  Per  cent 


11.7 
12.0 
19.3 
22.7 
22.1 
23.8 


12.8 
12.8 
19.5 
21.6 
22.0 
23.8 


12.1 
11.5 
13.7 
12.1 
15.7 
15.7 


C.  c. 
33.4 
36.8 
27.1 
31.3 
22.8 


C.  c. 

37.86 
34.57 
25.87 
33.64 
20.86 
18.49 


C.  c. 

43.2 
39.6 


23.5 
18.9 


a  c. 

38.15 
36.99 
26.48 
32.47 
22.39 
18.70 


2.98 
2.89 
1.36 
1.60 
1.02 
.79 


1  Determined  in  the  biophysical  laboratory,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture 
by  the  Briggs  and  Shantz  centrifugal  method. 

2  Mean  daily  evaporation  divided  by  the  mean  seasonal  total  moisture  content  of  the  soil  at  a  depth  of 
6  to  12  inches. 
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Figure  14.— March  of  availably  soil  moisture  at  depth  of  6  to  12  inches  and  daily 
precipitation,  oak-binish  zone,  P]phraim  Canyon  watershed,  Manti  National  l^orest, 
Utah,  season  of  1918.     (Seasonal  average  shown  by  horizontal  lines  at  left  ot  graph) 


Figures  13  and  14  clearly  show  the  meagerness  of  the  rainfall  and 
the  resultant  effect  upon  soil  moisture.  It  is  very  apparent  that  the 
west-aspect  oak  site  has  generally  the  most  availabla  sail  moistune, 
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PLATE    1 


F 150989      F39963A 

A,  An  outlying  occurrence  of  the  Rocky  Mountain  form  of  western  yellow  pine  associated  with 
white  fir  and  limber  pine  on  a  steep  southern  aspect  of  coarse  talus  material  in  Whipple  Gulch, 
Big  Cottonwood  Canyon,  Wasatch  National  Forest,  Utah.  No  yellow  pine  occurs  on  adjacent 
finer-textured  soils;  B,  general  view  of  oak-brush  planting  area  in  Ephraim  Canyon,  Alanti 
National  Forest,  looking  south  across  the  sagebrush  flat  from  the  manzanita-covered  ridge,  with 
the  oak-brush  sites  immediately  to  the  left 
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PLATE  2 


F39962A   F 153347   F 153345 

A,  A  sagebrush  flat  in  the  oak-brush  zone  planted  to  western  yellow  pine  with  poor  results, 
Ephraim  Canyon,  Manti  National  Forest,  Utah;  B,  planting  area  on  the  soutliern  aspect  in 
the  permanent  brush  type  on  the  Big  Cottonwood  Canyon  watershed  suitable  for  western  yel- 
low pine,  Wasatch  National  Forest,  Utah;  C,  planting  area  on  the  western  aspect  of  Big  Cotton- 
wood Canyon  watershed,  covered  with  temporary  brush  type  characterized  by  snowbrush 
following  logging  and  fire  in  the  Douglas  fir  type,  Wasatch  National  Forest,  Utah 
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except  late  in  the  growing  season,  when  the  heavy  leaf  canopy  and 
the  thick  layer  of  absorptive  duff  prevent  the  addition  of  much  water 
to  the  6  to  12  inch  soil  layer.  At  this  season  also  the  activity  of  the 
oak  roots  is  probably  at  its  maximum.  The  cleared  sagebrush  area 
receives  considerable  water  at  this  time,  which  in  a  measure  com- 
pensates for  the,  more  rapid  losses  by  evaporation  from  the  unpro- 
tected soil  earlier  in  the  season.  These  losses,  however,  are  much 
less  than  those  from  the  sagebrush  itself,  where,  although  the  soil  is 
generally  shaded,  the  water  is  drawn  rapidly  from  the  upper  soil 
layers  by  the  widespreading  roots  of  the  sagebrush.     Soil  moisture 
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Figure  15. — Mean  seasonal  march  of  available  soil  moisture  at  depth  of  6  to  12 
inches  for  sites  in  the  oak-brush  zone,  Ephraim  Canyon  watershed,  Manti  National 
Forest,  Utah,  having  two  or  more  seasons'  record  during  the  period  of  1917  to  1919, 
inclusive 


is  thereby  so  depleted  that,  although  the  summer  rains  are  absorbed 
as  readily  as  on  the  cleared  area,  the  resulting  available  moisture  is 
considerably  less. 

Both  the  manzanita  and  the  squaw-apple  areas  show  a  low  soil- 
moisture  content  earlier  in  the  season  and  a  rapid  loss  throughout  the 
dry  period,  the  available  moisture  in  the  6  to  12  inch  layer  being 
exhausted  by  early  July.  Both  these  soils  are  loose  and  absorbent 
and  contain  very  few  feeding  rootlets  in  the  6  to  12  inch  layer.  The 
low  moisture  must  be  ascribed  to  rapid  percolation  and  high  evap- 
oration in  these  hot,  unprotected  sites  {26) .  A  given  amount  of  rain 
would  penetrate  more  deeply  in  the  light  than  in  the  heavier  soil, 
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and  the  portion  which  reaches  the  lower  strata  is  less  subject  to 
evaporation.  As  long  as  the  showers  are  light,  there  probably  is  not 
much  difference ;  but  a  rainfall  sufficient  to  penetrate  6  inches  in  the 
heavier  soil  would  probably  reach  below  a  foot  in  the  light  soil,  and 
a  considerable  proportion  of  this  should  still  be  available  after  it  has 
all  evaporated  from  the  heavier  soil.  The  greater  permeability  of  the 
manzanita  and  squaw-apple  soils  would  ordinarily  suggest  lower 
wilting  coefficients  ^  and  more  sustained  survival  than  the  records 
show. 

A  study  of  soil  moisture  in  relation  to  survival  at  the  end  of  the 
first  year  indicated  fairly  consistently  that  heavy  losses  the  first  year 
are  occasioned  by  deficiencies  in  soil  moisture,  especially  early  in  the 
season.  Western  yellow  pine  develops  a  root  system  that  penetrates 
downward  rapidly ;  and  if  it  can  keep  pace  with  the  falling  moisture 
level  the  plant's  survival  is  assured.  Soil-moisture  conditions  at 
6  to  12  inches  are  therefore  of  most  importance  during  the  period 
immediately  after  planting.  From  this  time  up  to  the  last  examina- 
tion no  pronounced  correlation  was  apparent. 

The  excellent  initial  survival  of  the  plantation  on  the  west-aspect 
oak  site  (Table  7),  and  the  still  better  survival  on  the  one  on  the 
north  aspect  where,  according  to  a  single  year's  comparison,  soil 
moisture  is  even  more  plentiful,  is  obviously  correlated  with  the  high 
moisture  content  of  the  soil.  The  relatively  high  survival  on  the 
squaw-apple  site  apparently  is  an  exception.  It  should  be  noted, 
however,  that  there  was  considerable  divergence  in  the  first-year 
results  as  between  the  1917  and  1918  plantations  on  this  site.  The 
heavy  initial  losses  on  the  cleared  sage  and  sagebrush  areas  the  first 
year  are  difficult  to  justify  on  the  basis  of  soil  moisture  alone,  but 
losses  on  the  manzanita  site  are  obviously  due  to  soil-moisture 
deficiency. 

EVAPORATION 

Early  in  the  study  evaporation  was  believed  to  have  considerable 
influence  upon  the  behavior  of  these  plantations.  In  Figures  16  and 
17  the  march  of  evaporation  for  the  sites  under  study  is  shown 
graphically  for  the  seasons  of  1917  and  1918.  The  mean  daily 
evaporation  for  the  same  seasons  is  shown  in  Table  8,  from  which  it 
is  evident  that  evaporation  alone  fails  to  clarify  the  problem.  For 
example,  there  is  high  survival  on  the  manzanita  site,  where  evapora- 
tion is  very  high,  and  the  losses  in  the  sagebrush  are  much  heavier 
than  in  the  cleared  sage  area,  which  is  open  to  the  full  intensity  of  the 
sunlight  and  the  full  sweep  of  the  wind.  Caldwell  {10)^  Shive  and 
Livingston  (JfS)^  Livingston  {S2)^  and  others,  have  shown  that  per- 
manent wilting  of  succulent  plants  occurs  with  varying  amounts  of 
moisture  in  the  soil,  depending  on  the  evaporation.  In  many  of  the 
conifers,  however,  permanent  wilting  is  such  a  protracted  process 
that  extremely  high  evaporation  for  a  few  hours  at  a  time  does  not 
appreciably  affect  the  results.     When  the  moisture  in  the  soil  ap- 

'The  difficulty  of  obtaining  representative  samples  for  analysis  accounts,  in  part,  far 
this  apparent  anomaly.  Then,  too,  in  the  centrifugal  method  of  determining  moisture 
equivalent  (from  which  the  wilting  coefficient  is  computed)  all  stones  over  2  mm.  In 
diameter  are  screened  out  before  the  soil  is  run  throu<'h  the  centrifuge.  Therefore, 
wilting  coefficient  alone,  for  a  soil  having  considerable  gravel,  is  not  a  particularly  good 
index  of  permeability.  The  simple  tests  described  on  pp.  36  and  37  show  the  soils  on  the 
manzanita  and  squaw-apple  sites  to  t>e  very  permeable  In  comparison  with  the  soil  of  the 
pagebrush  site, 
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Figure  16. — March  of  evaporation,  oak-brush  zone,  Ephraim  Canyon  wateished,  Manti 
National  Forest,  Utah,  season  of  1917.  (Seasonal  averages  shown  by  horizontal 
lines  at  left  of  graph) 


JULY 


SEPTEMBER 


Figure  17. — March  of  evaporation,  oak-brush  zone,  Ephraim  Canyon  watershed, 
Manti  National  Forest,  Utah,  season  of  1918.  (Seasonal  averages  shown  by 
horizontal  lines  at  left  of  graph) 
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preaches  the  wilting  coefficient,  transpiration  is  reduced  to  almost 
nothing,  and  western  yellow  pine  seedlings  may  stand  for  weeks 
before  thev  finally  succumb. 

A  satisfactory  expression  of  the  moisture  relations  of  the  site  ac- 
cording to  Fuller  (IS)  and  Shreve  (49)  may  be  obtained  through  the 

expression  "  evaporation  divided  by  soil  moisture,"  expressed  as  -o^* 

(Table  8.)  In  the  present  study  this  coefficient  shows  little  correla- 
tion with  the  success  of  the  plantations,  the  factor  E  alone  serving  to 
confuse  rather  than  clarify.  The  poor  correlation  between  survival 
and  evaporation  is,  in  part  at  least,  explained  by  the  fact  already 
mentioned,  that  if  the  western  yellow  pine  roots  are  functioning 
properly  this  species  can  withstand  prolonged  and  intense  evapora- 
tion with  only  a  small  margin  of  soil  moisture  above  the  wilting 
coefficient.  It  is  unreasonable,  however,  to  conclude  that  high  evap- 
oration is  not  effective  in  reducing  the  survival  of  newly  planted 
trees,  for  on  otherwise  similar  sites  the  greatest  loss  would  undoubt- 
edly be  found  where  evaporation  was  highest.  In  these  particular 
cases  variations  in  soil  moisture  serve  in  general  to  neutralize  the 
effects  of  the  variations  in  evaporation  intensity.  Where  soil  mois- 
ture fails  to  explain  survival  there  seem  to  be  other,  rather  ill-defined 
factors,  apparently  in  the  soil,  which  are  of  greater  importance  than 
evaporation  and  which  further  serve  to  obscure  the  effects  of  evapora- 
tion. 

SOIL  TEXTURE 

From  the  results  of  the  study  of  soil  conditions  in  the  western 
yellow  pine  type  and  the  brush  lands  one  would  naturally  expect 
that  soil  texture  would  influence  the  survival  and  vigor  of  western 
yellow  pine  on  these  sites,  aside  from  its  effect  upon  the  water  rela- 
tions, and  that  light  porous  soils  would  be  much  more  favorable  than 
heavy  clay  soils.  However,  it  is  difficult  to  conclude  from  Table  7 
that  survival  and  vigor  during  the  first  5  to  10  years  after  planting 
are  materially  better  on  the  light  soils  than  on  the  heavier  ones.  No 
special  study  of  the  porosity  and  structure  of  these  soils  was  made, 
although  when  digging  the  holes  for  planting  the  trees  it  was  plainly 
evident  that  there  were  great  differences,  the  sagebrush  and  oak- 
brush  soils  being  dark,  compact,  and  without  visible  gravel,  whereas 
the  manzanita  and  squaw-apple  soils  were  much  lighter  in  texture, 
the  squaw-apple  in  particular  being  stony.  As  shown  in  Table  5,  the 
sagebrush  and  oak-brush  soils  both  have  a  water-holding  capacity  of 
between  62  and  63  per  cent  and  the  manzanita  and  squaw-apple  soils 
of  only  49.4  per  cent. 

These  differences  are  also  reflected  in  the  results  of  a  simple  test 
which  may  be  considered  indicative  of  the  permeability  of  the  soil. 
In  this  test,  cylindrical  holes,  1.5  inches  deep  and  1.5  inches  in 
diameter,  were  made  in  the  soil.  Water  was  run  into  these  holes 
from  a  50  cubic  centimeter  burette  until  the  hole  was  full.  Then 
water  was  added  to  keep  the  hole  full  until  all  of  the  50  cubic  centi- 
meters was  used.  The  time  was  noted  from  the  start  of  filling  the 
hole  until  50  cubic  centimeters  had  been  run  in  and  had  been  com- 
pletely absorbed.  The  results  were  as  follows:  Oak-brush  soil,  47 
seconds;  manzanita  soil,  71  seconds;  squaw-apple  soil,  64  seconds; 
and  sagebrush  soil,  190  seconds.    The  point  of  particular  interest  in 
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this  test  is  the  rate  of  absorption  in  the  manzanita  and  squaw-apple 
soils  as  compared  with  that  in  the  sagebrush  soil.  The  extreme 
rapidity  of  absorption  in  the  oak-brush  soil  was  due  mainly  to  the 
humus  in  the  surface  layer.  On  the  other  sites  the  topsoil  is  virtu- 
ally homogeneous.  The  manzanita  and  squaw-apple  soils  are  much 
lighter  and  more  permeable  than  the  sagebrush  and  oak-brush  soils, 
and  this  probably  explains,  in  part  at  least,  the  disparity  between 
survival  on  these  sites  and  the  results  of  the  soil  moisture  and  evapo- 
ration studies  on  the  same  sites.  As  already  pointed  out,  a  perme- 
able soil  favors  conservation  of  moisture  by  allowing  deep  penetra- 
tion. In  a  deep-rooted  species  such  as  western  yellow  pine  this 
should  be  an  important  asset.  Doubtless  aeration  and  lime  content 
are  also  important. 

Soil  texture  largely  determines  soil  aeration.  According  to 
Cannon  and  Free  (l£)  different  species  of  plants  may  differ  mark- 
edly in  their  response  to  variations  in  the  composition  of  the  soil 
atmosphere,  either  through  a  decrease  of  oxygen  or  an  increase  in 
carbon  dioxide  content,  and  hence  to  changes  in  soil  aeration.  Soil 
aeration  is  frequently  a  factor  of  no  less  importance  than  soil 
moisture  and  at  greater  depths  even  affects  the  moisture  content. 

In  a  porous  soil,  other  things  being  equal,  the  lime  content  is  less, 
because  deep  penetration  of  moisture  prevents  concentration  of  the 
lime  in  the  major  root  zone.  The  high  lime  content  of  the  compact, 
heavy,  poorly  aerated  clays  and  clay  loams  found  in  swales  and  flats 
in  the  oak-brush  zone  is  doubtless  a  contributing  factor  to  the  poor 
survival  and  growth  on  these  sites.  As  has  already  been  noted,  west- 
ern yellow  pine  planted  in  such  places  is  subject  to  chlorosis,  a 
trouble  that  has  been  clearly  correlated  with  an  excessive  lime  content 
in  the  soil  (30). 

Inadequate  soil  aeration  and  a  high  lime  content  therefore  offer 
possible  explanations  of  the  effect  that  soil  texture  has  upon  the 
development  of  western  yellow  pine. 

SNOWSHOE  RABBITS 

The  damage  from  snowshoe  rabbits  was  considerable,  but  was  con- 
fined to  plantations  located  in  tall  brush,  since  the  rabbits  are  too 
timid  to  venture  far  from  the  protection  of  the  high  bushes  into  the 
relatively  open  sagebrush  and  manzanita  areas  (S).  Although  the 
small  trees  whose  tops  are  cut  off  repeatedly  persist  in  sending  out 
new  shoots  they  have  little  chance  to  regain  their  lost  vigor  and  to 
increase  their  height  growth.  Injury  from  rabbits  has  been  respon- 
sible for  a  reduction  in  the  vigor  and  growth  of  the  plantations  on 
the  oak  and  squaw-apple  sites,  and  poor  growth  and  development  on 
the  brushy  plots  may  be  ascribed  in  part  at  least  to  the  rabbits;  but 
other  studies  have  revealed  the  fact  that  even  repeated  damage  of  this 
kind  on  sites  suitable  to  the  planted  trees  causes  little  mortality. 
The  continued  mortality  on  these  sites  can  not  apparently  be  charged 
directly  to  the  rabbits. 

LIGHT 

Much  of  the  lack  of  vigor  and  the  continued  mortality  on  the 
denser  brushy  sites  is  probaoly  due  to  insufficient  light,  since  western 
yellow  pine  is  intolerant  of  shade  and  attains  its  best  development 
in  full  light. 
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The  difference  in  vigor  between  the  trees  on  the  oak-brush  areas 
and  those  on  the  other  plantations  is  very  striking,  and  is  even  more 
marked  than  the  figures  in  Table  7  indicate.  On  the  sagebrush  and 
cleared  sagebrush  areas  in  particular  the  trees  are  vigorous  and 
stocky.  On  the  other  hand.,  in  the  oak  brush  the  new  growth  is 
spindling,  and  the  trees  which  show  the  most  rapid  height  growth 
are  unable  to  stand  erect.  The  leaves  are  few,  short,  and  light  green, 
whereas  the  pines  in  the  open  have  many  long,  stiff,  deep-green 
leaves.  The  high  initial  survival,  due  to  ample  soil  moisture  and 
low  evaporation  in  the  oak  brush,  has  been  offset  by  too  much  shade, 
which  will  probably  wipe  out  the  plantations  in  a  few  years. 

RELATIVE   SIGNinCANCE   OF  1  ACTORS 

The  survival,  growth,  and  vigor  of  the  plantations  on  the  different 
sites  in  Ephraim  Canyon  can  not  be  fully  explained  by  the  study  of 
site  factors  on  these  areas  alone.  The  indications  presented  are, 
however,  sufficient  for  the  formulation  of  the  following  conclusions: 

Initial  survival  is  highest  upon  the  sites  having  a  high  moisture 
content,  especially  in  the  early  spring.  This  gives  the  planted  trees 
a  chance  to  become  established  and  to  develop  roots  in  the  deeper  soil 
layers  before  extreme  dryness  occurs.  Low  evaporation  also  favors 
initial  survival. 

Survival  after  the  first  year  is  largely  determined  by  factors 
influencing  the  development  of  the  root  system  and  by  those  affect- 
ing photosynthesis.  Variations  in  soil  moisture,  as  indicated  by 
the  content  of  the  6  to  12  inch  layer,  are  much  less  significant  after 
the  first  year,  whereas  soil  texture  becomes  more  important — light 
porous  soils  especially  favoring  the  growth  and  development  of 
western  yellow  pine. 

The  effect  of  shade  becomes  apparent  after  the  first  year,  espe- 
cially in  the  oak  brush.  A  very  dense  cover  prevents  normal  growth 
and  so  weakens  the  trees  as  to  make  them  very  sensitive  to  other 
unfavorable  factors,  such  as  unfavorable  soil  conditions  and  damage 
from  rodents. 

In  the  oak-brush  areas  high  soil  moisture  and  low  evaporation 
make  possible  good  initial  survival,  but  in  the  second  year  losses 
from  a  deficiency  of  light  begin.  It  is  significant  that  trees  in  the 
center  of  the  oak  clumps  die  first  of  all,  while  those  situated  in  open- 
ings between  the  bushes  persist  the  longest  and  often  succeed  in 
becoming  established.  Trees  in  the  dense  brush  can  less  often  sur- 
vive severe  rabbit  damage,  since  in  their  weakened  condition  they 
are  unable  to  develop  new  vigorous  shoots. 

In  hot,  dry  situations,  such  as  the  manzanita  and  squaw-apple 
sites,  which  are  characterized  by  infertile  porous  soil,  heavy  initial 
losses  are  to  be  expected,  to  be  followed  by  a  lower  mortality.  Site 
conditions,  however,  are  severe,  and  the  infertile  soil  prevents  rapid 
growth.  The  trees  remain  small ;  and  in  spite  of  a  favorable  soil 
texture  moderate  losses  will  probably  continue. 

In  the  sagebrush  areas,  also,  heavy  initial  losses  are  to  be  expected, 
owing  to  the  rapid  drying  out  of  the  surface  layers  through  root 
competition.  The  trees  which  survive,  however,  will  make  good 
growth  because  of  the  rich  soil  characteristic  of  these  areas. 
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When  the  sagebrush  is  cleared  off  the  planting  site,  soil  moisture 
is  increased  through  the  removal  of  the  root  competition  of  the  sage- 
brush, even  though  evaporation  is  somewhat,  accelerated.  As  a  result 
lower  initial  losses  are  to  be  expected,  and,  lacking  the  keen  compe- 
tition of  the  sagebrush,  the  plants  become  vigorous  almost  at  once 
and  grow  rapidly. 

These  conclusions,  derived  from  the  experimental  plantations  in 
the  oak-brush  zone  in  Ephraim  Canyon,  have  been  checked  by  the 
results  obtained  at  other  points  in  the  region  where  less  intensive 
studies  were  made.       ' 

BIG  COTTONWOOD  CANYON,  WASATCH  NATIONAL  FOREST 

The  results  of  plantations  on  the  Big  Cottonwood  watershed  of 
the  Wasatch  National  Forest  in  northern  Utah  were  in  many  re- 
spects almost  as  significant  as  those  obtained  in  Ephraim  Canyon. 
Here  western  yellow  pine  was  planted  experimentally  on  sagebrush- 
snowbrush-oak-aspen  and  snowbrush-oak  areas  in  1913,  1915,  1916, 
1918,  1919,  and  1920,  with  the  results  shown  in  Table  9.  Most  of  the 
plantations  comprised  100  trees  each,  although  a  few  of  the  plots  had 
200  trees. 

Table  9. — Record  of  experimental  plantations  of  2-1  western  yellow  pine  on  the 
Wasatch  National  Forest,  Utah 


BIG   COTT 

ONWOOD  CANYON 

WATERSHED 

Date  planted 

Survival  at  time  of 
tion  in — 

examina- 

Propor- 
tion of 

vigorous 
trees  to 
number 
of  sur- 
vivors, 

last  exam- 
ination 

Average 
height 
growth 
last  year 
observed 

Site 

First 
year 

Second 
year 

Fourth 
year 

fOct.  25,1913 
Oct.  15,1915 
Apr.  28,1918 
May  14,1919 
Oct.  7, 1919 
Oct.  11,1919 
May  24,1920 

l--do 

Oct.  15,1915 
May  14,1916 
May  14,1919 
May  15,1919 

-—do 

Oct.  3, 1919 
Oct.  13,1919 
May  26,1920 
do 

Per  cent 
96 
67 
73 
32 
12 
25 
92 
88 
68 
70 
53 
13 
23 
35 
35 
85 
91 

Per  cent 
88 
61 
44 
22 

Per  cent 

168 
'34 

Per  cent 
44 
23 
39 
15 
11 
21 
89 
83 
32 
23 
28 
7 
9 
19 
18 
71 
65 

Inches 
0.9 
.9 
.2 

Sagebrush-snowbrush-oak-aspen 

.4 

54 
45 
45 
10 
20 

3  40 
<32 

1.0 
.6 
.2 

.2 

Snowbrush-oak 

BEAVER  CREEK  WATERSHED 

Oak  (west  aspeqt) , , 

®  reared  sagebrush . . . 

May  29,19.17 
do 

81 
92 
79. 

74 
86 

77, 

55, 
46, 
40 

28 
27, 
22 

l;4c 
1.4. 
.6, 

Sagebrush.— .,--..  -  - .  - .  _ 

.....do...;..- 

1-66  per  cent  the  fifth  year. 
2:30  pef  cent^the>fifth  year. 


3  34  per  cent  the  fifth  year-.- 
<  27  per  cent  the  fifth  year,. 


'h\  Big  Cbttonwood  Canyon  the  average  rainfall  for  11  years  in 
the  vicinity  of  the  plantations  for  the  period  from  May  1  to  De- 
cember 31  was  11.47  inches;  June  and  July  with  less  than  1  inch  each, 
l\aye  the  lowest  monthly  averages ;  August  has  1.37  inches.    Killing 
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frosts  frequently  occur  as  late  as  June  15  and  as  early  as  September 
1,  and  light  frosts  may  occur  throughout  the  entire  summer.  The 
soils  are  of  limestone,  granodiorite,  and  quartz  diorite  origin  and 
range  in  texture  from  a  gravelly  or  sandy  loam  to  a  loam.  They  are 
not  excessively  calcareous.  The  greater  suitability  of  these  sites  for 
western  yellow  pine  is  further  indicated  by  the  presence  of  more 
mesophytic  shrubs  than  are  common  in  the  oak-brush  type  in 
Ephraim  Canyon. 

The  oak  brush  on  this  watershed  is  scattered  and  much  more 
scrubby  than  in  Ephraim  Canyon  and  is)  associated  with  big  sage- 
brush (Artemisia  tridentata) ,  snowbrush  (Ceanothios  velutinus), 
scattered  aspen  {Populus  tre^nuloides)  ^  common  serviceberry  {Amel- 
anchier  alnifolia)^  black  chokecherry  {Prunus  melanocarpa)  ^  blue- 
berry elder  {Sa7nhu(MS  oderulea)^  and  other  shrubs.  (PL  2,  B.) 
On  this  sagebrush-snowbrush-oak-aspen  site  the  scattered  aspen  and 
the  elder  and  chokecherry  on  the  lower  part  of  the  site  indicate 
a  fairly  good  supply  of  soil  moisture,  probably  derived  from  sub- 
terranean seepage  within  3  feet  of  the  surface.  This,  together 
with  the  light  texture  of  the  soil,  should  be  favorable  for  western 
yellow  pine.  A  few  scattered  Douglas  fir  and  white  fir  are  also  found 
on  the  lower  portion  of  the  slope,  although  the  greater  part  of  the 
area  appears  to  be  potentially  brush  land. 

On  the  snowbrush-oak  site,  which  has  a  western  aspect,  choke- 
cherry, serviceberry,  mountain  snowberry  (Symphoricarpos  oreo- 
philus)^  and  mallow  ninebark  {Opulaster  malvdceus)  are  the  chief 
associates  of  the  oak  and  snowbrush.  (PL  2,  C).  This  area  is 
clearly  a  potential  Douglas  fir  site,  burned  over  after  logging  many 
years  ago,  as  is  indicated  by  the  large  stumps  of  this  species  found 
on  the  area. 

The  march  of  available  soil  moisture  at  a  depth  of  6  to  12  inches 
and  that  of  daily  precipitation  on  these  two  sites  for  the  seasons 
of  1919  and  1920  are  shown  in  Figure  18.  Evaporation  for  the 
same  seasons  and  soil  temperature  at  a  depth  of  1  foot  for  the  sea- 
son of  1920  are  shown  in  Figure  19.  The  soil  moisture  and  evapora- 
tion data  for  these  years  are  summarized  in  Table  10. 

Table  10. — Summaries  of  soil  m/)isture  and  evaporation  data  on  experimental 
planting  areas,  Big  Cottonwood  watershed,  Wasatch  National  Forest,  Vtahy 
growing  seasons  of  1919  and  1920 


Site 

Depth 

of 
sample 

Seasonal  averages  of 
total  soil  moisture 

Wilt- 
ing 
coeffi- 
cient 
of  soil  1 

Mean  daily  evapora- 
tion 

Ei 

1919 

1920 

Aver- 
age 

1919 

1920 

Aver- 
age 

Sl^ 

Western     aspect,     snow- 
brush-oak     

Inches 
f   Oto   6 
I    6  to  12 

Per  cent 
7.4 

8.8 

Per  cent 
10.1 
9.4 

Per  cent 
8.8 
9.1 

Per  cent 
}    10.9 

C.c. 
33.46 

C.c. 

18.65 

C.c. 
26.06 

2.86 

8.1 

9.8 

9.0 

, 

Southern     aspect,     sage- 
brush -  snowbrush  -  oak- 
aspen 

]    Oto   6 
j    6  to  12 

6.8 
9.6 

9.4 
11.7 

8.1 

lae 

}    12.4 

38.27 

20.90 

29.58 

2.79 

Average 

8.2 

10.6 

9.4 

1  Determined  in  the  biophysical  laboratory,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture, 
by  the  Briggs  and  Shantz  centrifugal  method. 

»  Mean  daily  evaporation  divided  by  the  mean  seasonal  total  moisture  content  of  the  soil  at  a  depth  of 
P  to  12  inches. 
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Figure  18. — March  of  available  soil  moisture  at  depth  of  6  to  12  inches  and  daily 
precipitation,  Big  Cottonwood  watershed,  central  Utah,  seasons  of  1919  and  1920. 
(Seasonal  averages  shown  by  horizontal  lines  at  left  of  graph) 
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Figure  19. — March  of  evaporation  for  seasons  of  1919  and  1920,  and  of  soil  tempera- 
ture at  a  depth  of  1  foot  for  season  of  1920,  Big  Cottonwood  watershed,  central 
Utah.     (Seasonal  averages  shown  by  horizontal  lines  at  left  of  graph) 
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As  compared  with  that  in  Ephraim  Canyon,  the  average  content 
of  available  moisture  in  the  upper  layer  of  soil  in  Big  Cottonwood 
Canyon  is  somewhat  less  during  the  growing  season;  in  1919  the 

evaporation  was  virtually  the  same,  and  the  ratio    oTr?  is  therefore 

higher  for  the  Big  Cottonwood  area.  On  the  latter  the  vegetation 
is  on  the  whole  much  denser  than  on  the  Ephraim  Canyon  watershed, 
which  may  explain  the  lower  moisture  content  of  the  soil;  this  is 
especially  true  of  the  upper  soil  layer  on  the  south  aspect,  where 
the  sagebrush  is  sufficiently  abundant  to  exhaust  quite  effectively 
the  supply  of  available  soil  moisture.  Although  soil  moisture  is 
somewhat  lower  in  Big  Cottonwood  Canyon  than  in  Ephraim 
Canyon,  the  soil  is  more  fertile,  better  aerated,  and  of  much  lighter 
texture ;  it  is  undoubtedly  suitable  in  texture  for  western  yellow  pine. 

Survival  on  the  Big  Cottonwood  Canyon  sites  is  somewhat  better 
than  that  on  the  Ephraim  Canyon  watershed,  although  the  irregu- 
larity of  the  results  on  the  former  areas  prevents  any  sharp  com- 
parison. The  first  plantation  established  in  Big  Cottonwood  Can- 
yon, in  the  fall  of  1913,  was  remarkably  successful,  but  the  others, 
such  as  that  of  the  fall  of  1919,  were  very  poor.  Spring  plantings 
with  2-1  western  yellow  pine,  however,  survived  about  as  well  as 
those  obtained  on  the  Ephraim  Canyon  squaw-apple  site;  in  Big 
Cottonwood  Canyon  sagebrush-snowbrush-oak-aspen  an  average  of 
71  per  cent  of  the  trees  was  alive  after  one  year,  and  the  survival 
on  the  Ephraim  Canyon  squaw-apple  site  was  72  per  cent. 

In  rate  of  growth  and  percentage  of  vigorous  trees,  as  well  as  in 
survival,  the  results  in  Big  Cottonwood  Canyon  are  satisfactory, 
considering  the  damage  by  snowshoe  rabbits  to  which  the  planta- 
tions have  been  subjected  {3).  The  oldest  plot  for  which  records; 
of  both  survival  and  height  growth  are  available  was  planted  in  the. 
fall  of  1913  on  the  south-facing  slope.  In  1918  this  plot  showed  a. 
survival  of  66  per  cent,  and  the  trees  averaged  13  inches  in  height.. 
A  7-acre  plantation  (not  shown  in  Table  9)  made  at  the  same  time^ 
on  a  similar  but  less  rocky  site  on  the  same  southern  slope  had  about 
the  same  survival,  but  the  plants  attained  an  average  height  of- 
slightly  more  than  22  inches  in  1918  and  were  growing  at  ani 
average  rate  of  3.5  inches  a  year. 

From  the  height  growth  of  the  trees  in  the  older  plantations  that 
are  free  from  snowshoe-rabbit  injury,  it  is  evident  that  the  growth 
of  the  Big  Cottonwood  plantations  after  they  have  become  estab- 
lished will  exceed  the  rate  of  height  growth  of  the  Ephraim  Canyon 
plantations.  This  is  doubtless  due  to  the  light  texture,  the  open  and 
porous  structure,  and  the  greater  fertility  of  the  Big  Cottonwood 
Canyon  soil,  together  with  better  soil  moisture  at  greater  depths,^ 
as  indicated  by  the  presence  of  aspen  and  mesophytic  shrubs  on 
the  areas. 

The  western-aspect  brush  site  planted  in  Big  Cottonwood  Canyon 
had  a  lower  average  survival  than  the  southern-aspect  site.  The 
physical  characteristics  of  the  two  sites  are  similar;  available  soil 
moisture,  taking  both  years  of  observation  into  consideration,  is  al- 

®  The  western  yellow  pine  transplants  on  these  sites  have,  no  doubt,  been  able  to  obtain 
moisture  from  below  the  12-inch  level.  This  tends  to  explain  their  survival  during  the 
protracted  dry  period  in  1919  when  the  available  moisture  in  tli^  0  to  12  inch  layea-  wa*. 
exhausted  early  in  the  summer.     Figure  18. 
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most  identical ;  but  on  the  site  with  western  aspect  evaporation  is  less 
intense  than  on  that  with  southern.  The  real  cause  for  the  apparently- 
poorer  showing  on  this  site  is  that  there  is  no  exceptionally  good 
plantation,  like  that  of  the  fall  of  1913  on  the  southern-aspect  site, 
to  raise  the  average.  Comparing  results  obtained  the  same  year,  it 
is  seen  that  the  western- aspect  site  has  shown  better  results  three 
times,  poorer  results  once,  and  the  two  sites  have  shown  virtually 
the  same  results  three  times,  indicating  that  the  site  with  western 
aspect  is  really  slightly  better  than  that  with  southern.  This  is 
probably  due  to  lower  evaporation  and  to  a  coarser,  more  favorable 
soil,  as  shown  by  the  lower  wilting  coefficient. 

The  heavier  precipitation  in  Big  Cottonwood  Canyon  than  in 
Ephraim  Canyon  should  not  be  overlooked.  The  plots  planted  in 
1919  and  1920  show  very  plainly  that  the  success  of  western  yellow 
pine  planting  on  either  of  the  Big  Cottonwood  Canyon  sites  depends 
largely  on  the  depth  of  rainfall  during  the  first  growing  season  fol- 
lowing planting.  The  season  of  1919  was  unusually  dry,  and  conse- 
quently the  mortality  of  the  trees  planted  that  spring  ranged  from 
47  to  88  per  cent.  On  the  other  hand,  the  season  of  1920  was  more 
favorable  in  moisture  supply,  and  on  the  four  plots  planted  that 
spring  the  mortality  ranged  only  from  8  to  15  per  cent. 

BEAVER   CREEK   WATERSHED,    WASATCH   NATIONAL   FOREST 

As  in  Big  Cottonwood  Canyon,  the  survival  of  the  pine  on  the 
Beaver  Creek  watershed  was  also  somewhat  better  than  in  Ephraim 
Canyon.  As  indicated  by  the  type  of  vegetation,  this  was  due  to  a 
cooler  climate  and  greater  soil  moisture,  and  to  a  somewhat  more 
porous  and  less  calcareous  soil — a  rocky  silty  fine  sandy  loam.® 

The  results  of  plantations  on  this  watershed  are  given  in  Table  9. 
As  might  be  expected  under  these  circumstances,  the  difference  be- 
tween the  cleared  and  uncleared  sagebrush  plots  was  not  quite  so 
striking  as  on  the  Ephraim  Canyon  watershed,  although  still  de- 
cisively in  favor  of  the  cleared  areas.  As  with  the  Ephraim  Canyon 
results,  the  difference  is  undoubtedly  attributable  to  the  root  com- 
petition between  the  sagebrush  and  the  pine  for  the  supply  of  avail- 
able soil  moisture,  which  reaches  a  minimum  during  the  active  grow- 
ing season. 

MINK   CREEK   WATERSHED,    CACHE    NATIONAL   FOREST,    mAHO 

As  a  further  check  on  the  Utah  results,  those  obtained  on  the 
Mink  Creek  watershed  of  the  Cache  National  Forest  in  southern 
Idaho  are  of  interest.  On  this  watershed  four  different  sites  were 
planted  with  western  yellow  pine  in  1917,  as  follows:  (1)  A  sage- 
brush area,  burned  over  in  the  fall  of  1915,  on  which  sage  was  coming 
in  quite  vigorously  and  on  which  a  rank  growth  of  sticky  geranium 
(Geranium  viscosissimum)  had  come  up;  (2)  a  site  with  a  south- 
western aspect  on  which  sagebrush  and  spineless  horsebrush  {Tetra- 
dymia  carbescens  inermis)  were  dominant;  (3)  a  site  with  north- 
e^-stern  aspect  on  which  bitterbrush  {Purshia  tridentata)  and  snow- 

*  One  of  the  mc^st  northern  natural  occurrences  of  Pinus  scopulorum  in  Utah  is  found 
on  Jtbig  Beaver  Greek  watershed  near  the  planting  area,  and  lodgepole  pine  occurs  nat- 
ur^ly  in  -this  locality.  The  oak  brush  <?n  this  watershed  is  not  so  dense  and  tall  as  it  }^ 
00  tae^Manti  NfttloDftl  Forest, 
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berry  dominated,  but  which  was  burned  over  in  1915  and  was  again 
sprouting  up  to  the  same  species;  and  (4)  an  unburned  brushy 
northeastern-aspect  site  on  which  snowbrush,  serviceberry,  myrtle 
boxleaf  {Pachistima  myrsinites) ,  bitterbrush,  chokecherry,  wild  rose 
(Rosa  oreophila)^  and  snowberry  are  associated  in  a  very  dense 
stand — an  impenetrable  thicket  in  places.  These  areas  lie  between 
6,500  and  6,000  feet  in  elevation.  The  sagebrush  area,  also,  Avas 
planted  in  1916  and  in  the  spring  of  1915  an  aspen  area  was  planted 
but  was  burned  over  the  same  fall.  The  records  of  these  plantations 
are  summarized  in  Table  11. 


Table  11. — Record  of  experimental  plantations  of  2-1  western  yellow  pine  on 
the  Mink  Creek  watershed,  Cache  National  Forest,  Idaho 


Date 
planted 

Survival 

Vigor- 
ous 

Site 

First 
year 

Second 
year 

Third 
year 

Fourth 
year 

trees 

last 
exam- 
ination 
in  per 
cent  of 

total 
number 

Sagebrush  flat    

Apr.   24,1916 
Apr.  27,1916 
do 

Per  cent 
61.5 
36 
80 
57.5 
69 
58 

0 

7 
16 
35 

7 
61 

91.7 
47 
67 
88 
91 

Per  cent 
54 

19.5 
56 

40.5 
50 
26 

Per  cent 

Per  cent 

Per  cent 

28.5 

Do                             

11.0 
25.5 
14.5 
22.5 

2 

Do 

7 

Do 

Do.... 

do 

do 

2 
2 

Do 

Apr.   26,1916 
May  15,1917 
-.     .do 

21 

Do 

0 

Do 

....... 

........ 

0 
0 
0 

1 
8 

1 
7 



0 

Do                        .      

May  18,1917 
do 

0 

Do 

0 

Southwestern  aspect,  sagebrush-horsebrush 

Do 

May  17,1917 
do 

0 
0 

Northeastern  aspect  (brushy,  burned  over) 

Do 

do 

do 

1 
2 

Aspen  cove  (very  gentle  slope  to  north) 

Apr.   15,1915 
May  16,1917 
May  21, 1917 
Apr.   26,1918 

14 

Northeastern  aspect  (brushy,  unburned) 

Do 

81 

81 

<66 

2  78 

3  78 

68 
74 

Do 

66 

1  Burned  over  autumn  of  1915. 

2  Average  height  growth  last  year  observed  1.3  inches. 
8  Average  height  growth  last  year  observed  1.2  inches. 
<  Average  height  growth  last  year  observed  1.8  inches. 


These  areas  receive  about  12  inches  of  rainfall  during  the  growing 
season.  The  days  are  warm,  and  the  nights  are  cool,  only  two  and 
a  half  months  being  free  from  killing  frosts.  The  soil  on  the  plant- 
ing areas  is  derived  from  schist,  diorite  porphyry,  limestone,  and 
quartzite,  and  ranges  from  a  rather  heavy  brown  silt  loam  on  the 
sagebrush  site  to  a  gray  to  black  silty  very  fine  sandy  loam  on  the 
other  areas.     It  is  not  excessively  calcareous. 

The  march  of  soil  moisture  and  evaporation  was  determined  for 
the  season  of  1917,  the  former  being  shown  in  Figure  20  and  the 
latter  in  Figure  21.  The  average  total  moisture  content  of  the  soil 
and  the  average  evaporation  intensities  for  the  season  are  given  in 
Table  12.  The  moisture  content  of  the  upper  soil  layer  is  below  the 
wilting  coefficient  on  these  sites  during  the  most  critical  part  of  the 
growing  season,  and  even  the  seasonal  averages  fall  below  the  wilting 
coefficients.  The  evaporation  rate  of  the  southwestern  aspect  exceeds 
that  on  any  of  the  Ephraim  Canyon  sites  under  investigation  in  1917^ 
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JUNE 


JULY 


AUGUST 


SEPTEMBER 


Figure  20. — March  of  available  soil  moisture  at  depth  of  6  to  12  inches  and  daily 
precipitation,  Mink  Creek  watershed.  Cache  National  Forest,  soutliern  Idaho,  sea- 
son of  1917.     (Seasonal  averages  shown  by  horizontal  lines  at  left  of  graph) 


-^—  S  agebrush 

Southwestern  as pect,  Artemisia -Tetradymia 

—  —   Northeastern   aspect,  brushy  (burned  over) 
.......    Northeastern   aspect,  brushy        (unbumed) 

—  —  Aspen  cove      »^    Southern  aspect, Artemisia 


JUNE 


JULY 


SEPTEMBER 


Figure  21. — March  of  evaporation,  Mink  Creek  watershed.  Cache  National  Forest, 
southern  Idaho,  season  of  1917,  (Seasonal  averages  shown  by  horizontal  lines  at 
left  of  graph) 
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but  the  unburned  brush-covered  northeastern  aspect  had  a  much 
lower  evaporation  intensity  than  any  of  the  other  sites  planted  on 
this  or  any  of  the  other  watersheds. 

Table  12. — Soil-moisture  and  evaporation  data  on  experimental  planting  areas, 
Mink  Creek  watershed,  Cache  National  Forest,  Idaho,  growing  season  of 
1911 


Site 

Depth  of 
sample 

Seasonal 

average 

of  total 

soil 

moisture 

Wilting 
coeffi- 
cient 1 

Mean 
daily 
evapora- 
tion 

SM 

Sagebrush,  flat 

Inches 
f   Oto   6 
1   6  to  12 

Per  cent 
8.8 
10.2 

Per  cent 

}     n.s. 

C.c. 

28.14 

2  76 

Average 

9.5 

f    Oto   6 
1    6  to  12 

6.7 
6.5 

}        10.4 

43.38 

6  67 

Average 

6.6 

f   Oto   6 
\    6  to  12 

10.6 
10.3 

}        13.2 

31.78 

3  09 

Average .. 

10.4 

Aspen  cove  (very  gentle  slope  to  north) 

/   Oto   6 
1    6  to  12 

12.8 
11.8 

}        10.4 

15.45 

1  31 

Average 

12.3 

Northeastern  aspect,  brushy  (unburned). 

/   Oto   6 
\    6  to  12 

11.6 
12.3 

}        13.6 

15.35 

1  25 

Average...        

12.0 

1  Determined  in  the  biophysical  laboratory,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agricul- 
ture, by  the  Briggs  and  Shantz  centrifugal  method. 

2  Evaporation  divided  by  the  mean  seasonal  total  moisture  content  of  the  soil  at  a  depth  of  6  to  12  inches. 

The  planting  resulted  in  almost  complete  failure  on  all  the  sites 
except  the  aspen  site  and  the  brush  site  with  northeastern  aspect. 
No  examination  was  made  of  the  plantation  on  the  aspen  site  after 
the  first  year.  On  the  other  site  the  plantations  were  very  successful. 
(Table  11.)  Two  of  these  plantations  made  in  1917  each  had  78 
per  cent  alive  at  the  end  of  the  fourth  growing  season,  of  which  68 
and  74  per  cent,  respectively,  of  the  total  number  planted  were  vig- 
orous. Much  higher  survivals  were  obtained  with  western  yellow 
pine  on  this  site  than  on  any  other  area  in  the  entire  intermountain 
region. 

This  brushy  northeastern  slope  is  regarded  as  being  a  potential 
Douglas  fir  site  and,  in  fact,  Douglas  fir  planted  here  made  a  good 
showing  both  as  to  survival  and  height  growth.  Snowshoe  rabbit 
injury,  to  which  the  Ephraim  Canyon  and  Big  Cottonwood  planta- 
tions are  subject,  does  not  occur  on  the  Mink  Creek  watershed.  As 
compared  with  the  other  Mink  Creek  sites,  soil  moisture  is  relatively 
high  on  this  site,  the  wilting  coefficient  is  highest,  and  evaporation 

and  -^jg.  are  lowest.     Although  this  site  is  covered  with  a  very  dense 

stand  of  brush,  all  the  species,  with  the  exception  of  snowberry, 
are  deep  rooted,  so  that  root  competition  is  probably  not  keen. 
The  area  is  also  well  supplied,  during  the  early  part  of  the  growing 
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season,  with  both  surface  water  and  seepage  from  snowdrifts  lying 
to  the  leeward  of  the  crest  of  the  ridge  above  the  planting  area. 
These  drifts  remain  for  some  time  after  the  snow  has  disappeared 
from  the  other  slopes.  The  supply  of  moisture  in  the  upper  layer  of 
soil,  however,  reaches  the  wilting  coefficient  during  the  middle  of 
the  growing  season,  but  even  then,  on  account  of  the  protection  which 
the  site  receives,  the  evaporation  rate  is  very  low,  favoring  higher 
survival. 

The  fact  that  the  soil  moisture  on  all  the  Mink  Creek  sites  is  below 
the  wilting  coefficient  for  a  considerable  period  is  further  evidence 
that  western  yellow  pine,  although  using  considerable  water  when 
water  is  available,  apparently  reduces  transpiration  to  almost  noth- 
ing during  time  of  drought. 

The  other  sites  on  the  Mink  Creek  watershed  are  much  less  favor- 
able, being  potential  brush  lands  in  which  sagebrush  and  other 
drought-resistant  shrubs  occupy  a  prominent  place.  The  topography 
of  these  sites  is  rolling,  and  the  majority  of  them  are  therefore 
exposed  to  the  full  sweep  of  the  prevailing  winds,  which  come  from 
the  desert  lying  to  the  southwest.  The  dense  growth  of  sagebrush 
makes  heavy  demands  on  the  upper  layer  of  soil  for  the  little  mois- 
ture it  contains.  As  the  moisture  supply  of  the  surface  layer  becomes 
exhausted  and  the  native  vegetation  begins  to  draw  its  supply  from 
lower  levels,  the  pine  trees,  whose  roots  rarely  reach  a  depth  greater 
than  12  inches  during  the  first  growing  season  after  planting, 
succumb.  It  is  evident  that  on  sites  similar  to  these,  on  which 
sagebrush  occurs  as  a  dominant  species,  planting  will  result  success- 
fully only  when  moisture  is  plentiful,  owing  to  unusually  heavy 
rainfall  during  the  first  two  or  three  years  following  planting. 
Seasons  of  scanty  rainfall  are  disastrous  on  such  sites.  On  the  other 
hand,  the   planting  of  western  yellow   pine  proves   successful  on 

grotected  sites  or  temporary  brush-land  areas  similar  to  the  potential 
►ouglas  fir  site  mentioned  above,  upon  which  the  deep-rooted  species 
predominate. 

MORE  EXTENSIVE  PLANTATIONS 

The  results  on  the  experimental  plantations  have  been  further 
substantiated  by  those  on  a  number  of  more  extensive  plantations 
also  made  by  the  Forest  Service,  United  States  Department  of  Agri- 
culture (29).  Among  these  mav  be  mentioned  the  Salt  Creek  plan- 
tation on  the  Nebo  division  of  the  Uinta  National  Forest.  Here 
western  yellow  pine  planted  in  sagebrush  and  oak  brush  has  suc- 
ceeded very  well  on  account  of  the  favorable  soil — a  loose  very  fine 
sandy  loam  derived  from  sandstone — and  a  June  and  July  rainfall 
considerably  above  normal  in  1914,  the  year  of  establishment.  In 
the  sagebrush,  where  the  soil  is  very  fertile  and.  light  is  of  almost 
full  intensity,  the  trees  were  13.4  inches  tall  in  1918,  and  the  current 
growth  of  the  year  was  3.8  inches.  In  the  oak  brush  the  height  of 
the  trees  averaged  11.4  inches  and  they  grew  2.6  inches  in  1918;  but 
the  survival  was  obviously  very  much  better. 

Another  successful  plantation  was  made  the  same  year  in  Ephraim 
Canyon  in  the  lower  oak-brush  type,  characterized  by  scattered 
clumps  of  low  oak  brush  interspersed  with  mountain-mahogany. 
The  heavy  early  summer  rainfall  was  probably  the  chief  factor  in 
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making  this  plantation  a  success,  while  many  plantings  made  in 
similar  situations  in  other  years  were  failures.  In  the  fall  of  1920 
these  trees  averaged  12.4  inches  in  height  and  made  a  current  growth 
of  1.8  inches.  They  showed  considerably  poorer  development  than 
trees  in  the  Salt  Creek  plantation,  owing  to  the  less  favorable  site, 
as  reflected  by  the  invasion  of  piiion  pine. 

Another  successful  plantation  was  made  in  oak  brush  and  sage- 
brush in  Oak  Creek  Canyon  on  the  Fillmore  National  Forest  ^^  in 
1915.  Here,  as  on  the  Salt  Creek  watershed,  the  sagebrush  site  shows 
the  best  growth,  the  trees  attaining  a  height  of  16.0  inches  in  1920, 
whereas  in  the  oak  brush  the  height  was  but  10.6  inches.  The  soil, 
a  sandy  loam  derived  from  quartzite,  has  doubtless  had  a  great  bear- 
ing on  the  success  of  the  plantation. 

CONCLUSIONS  FROM  STUDY  OF  PLANTATIONS 

The  results  of  all  the  plantations  on  the  Ephraim  Canyon,  Big 
Cottonwood  Canyon,  Beaver  Creek,  and  Mink  Creek  watersheds 
and  elsewhere  point  to  a  lack  of  available  soil  moisture  during  the 
first  season  as  the  chief  cause  of  the  early  failure  of  the  plantations. 
This  deficiency  is  characteristic  wherever  the  brush  types  are  per- 
manent, and  plantations  will  not  be  successful  unless  moisture  is 
conserved  by  clearing  off  the  established  shallow-rooted  vegetation 
that  monopolizes  the  scanty  water  supplies  upon  which  the  newly 
planted  trees  must  depend.  As  an  alternative  the  plantation  may 
be  made  under  a  moderately  light  cover  of  deep-rooted  brush  which 
by  its  partial  shade  reduces  evaporation  and  transpiration  and  be- 
cause of  the  absence  of  roots  in  the  upper  layers  of  soil  affects  sur- 
face moisture  but  little.  Even  under  these  conditions  wholly  satis- 
factory results  are  limited  to  years  of  exceptionally  heavy  summer 
rainfall. 

Toward  the  upper  limits  of  a  brush-land  zone  areas  of  temporary 
brush  occur.  Their  temporary  nature  is  indicated  by  tree  stumps, 
evidences  of  fire,  or  the  presence  of  conifer  types  on  areas  obviously 
similar.  In  these  places  planting  is  much  more  successful.  The 
moisture  content  of  the  soil  in  such  places  is  much  higher,  and  the 
species  making  up  the  brush  are  more  mesophytic.  Even  in  such 
places,  however,  the  presence  of  shallow-rooted  brush  is  a  factor 
which  clearly  reduces  success. 

Although  soil  moisture  is  the  chief  factor  controlling  survival, 
it  is  evident  that  soil  texture  is  also  important,  since  a  light  porous 
soil  increases  the  survival  of  the  pine.  Growth  and  vigor  are  like- 
wise stimulated  by  the  texture  and  fertility  of  the  soil.  Evapora- 
tion, because  of  its  influence  on  available  soil  moisture  and  trans- 
piration, is  also  a  factor  which  influences  survival. 

The  foregoing  discussion  applies  chiefly  to  first-year  losses.  After 
the  first  year  the  surviving  trees  are  not  limited  to  the  moisture 
supply  at  a  depth  of  6  to  12  inches  and  consequently  are  less  sus- 
ceptible to  injury  from  drought  in  June  and  July.  Although 
further  mortality  will  take  place,  this  will  usually  be  at  a  diminish- 
ing rate,  and  each  additional  year  will  tend  to  establish  the  sur- 
vivors more  firmly. 

"Ndw  a  part  of  the  Fishlake  National  Forest. 
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After  the  first  year,  shade  may  become  a  factor  inducing  high 
mortality  in  plantations  originally  showing  excellent  survival.  The 
shade  cast  by  a  solid  canopy  of  oak  is  disastrous,  as  is  the  shade  of 
dense  aspen  or  chokecherry.  Where  oak  brush  grows  in  isolated 
clumps,  western  yellow  pines  planted  in  the  spaces  between  the 
clumps  or  on  the  north  edge  have  a  good  survival  and  growth. 
Manzanita,  sagebrush,  snowbrush,  low  oak  brush  up  to  3  feet  in 
height,  and  other  shrubs  which  do  not  form  a  closed  canopy  do  not 
appreciably  affect  the  development  of  western  yellow  pine  by  shad- 
ing. Their  root  characteristics,  which  influence  the  rate  of  depletion 
of  soil  moisture,  are  much  more  significant. 

The  practical  conclusion  from  these  plantations  is  that  pine  planted 
in  the  obviously  temporary  brush  types,  particularly  those  char- 
acterized by  a  deep-rooted  mesophytic  vegetation,  is  most  successful 
and  that  these  lands  should  be  planted  first.  Of  the  permanent  brush 
sites  considered  in  this  study,  areas  cleared  of  sagebrush  offer  the 
best  planting  sites,  especially  if  soil  moisture  is  normally  good,  if 
evaporation  is  low,  and  if  shallow-rooted  herbs  do  not  immediately 
invade  the  area. 

The  other  brush-land  sites  have  so  many  complex  factors  involved, 
such  as  soil  moisture,  evaporation,  and  shade,  all  of  which  are  intri- 
cately interrelated,  that  simple  rules  for  the  selection  of  planting 
sites  can  not  be  formulated.  There  are,  however,  certain  fundamental 
facts  involving  the  moisture  relations  of  the  sites  which  can  be  de- 
termined by  a  study  of  the  indicator  significance  of  the  native  vege- 
tation on  the  ground.  An  understanding  of  these  clarifies  the  whole 
problem  of  the  choice  of  planting  sites  in  the  permanent  brush  lands. 

NATIVE  VEGETATION  AS  AN  INDICATION  OF  THE  SUIT- 
ABILITY OF  PLANTING  SITES 

In  the  preceding  discussion  it  was  shown  that,  of  the  various  fac- 
tors affecting  the  success  or  failure  of  planted  western  yellow  pine, 
the  competition  of  shallow-rooted  vegetation  is  one  of  the  most  im- 
portant. After  the  shock  of  transplanting,  the  drying  out  of  the 
soil  through  transpiration  of  competing  brush  growth  imposes  a  tax 
upon  the  recuperative  powers  of  the  young  pine  transplants  that 
may  result  in  heavy  losses.  The  success  or  failure  of  plantations  is 
evidently  determined  in  large  measure  by  the  character  of  the  root 
systems  possessed  by  the  competing  vegetation.  It  should  therefore 
be  possible,  from  a  knowledge  of  the  water  relations  of  the  native 
plants  and  of  their  root  systems  in  relation  to  different  soil  layers, 
to  determine  the  conditions  of  vegetation  under  which  the  pine  can 
be  planted  successfully.  This  suggests  a  more  detailed  study  of  the 
native  vegetation  to  determine  its  significance  as  indicating  the  suit- 
ability of  the  brush-land  sites  for  forest  planting. 

The  use  of  plant  indicators,  or  a  method  of  assessing  the  growth 
value  of  certain  lands  by  means  of  the  natural  growth  found  thereon, 
has  been  a  factor  in  the  settlement  and  development  of  new  regions 
and  is  doubtless  almost  as  old  as  agriculture  itself.  When  the  pio- 
neers settled  the  great  Ohio  Valley,  some  of  them  selected  land  cov- 
ered with  sugar  maple  and  beech.     These  were  more  prosperous  than 

57154°— 31 4 


50         TECflNICAL  BtJLLETIN   2  5  6,  U.  S.  DEPT.   OF  AGRICULTURE 

those  who  settled  on  oak  and  pine  lands.  Likewise  in  the  Great  Salt 
Lake  Desert,  those  lands  which  were  covered  with  a  tall,  luxuriant 
growth  of  sagebrush  yielded  the  best  agricultural  crops  when  put 
under  irrigation.  While  herbaceous  plants  have  been  used  much 
less  in  judging  the  fertility  and  character  of  agricultural  soil,  many 
of  them  are  quite  as  characteristic  as  the  trees.  Hilgard  (22)  made 
one  of  the  first  successful  attempts  to  organize  a  system  of  indicator 
plants  and  thus  to  recognize  a  relationship  of  plants  to  soil  based 
upon  the  response  of  the  plant  to  its  environment. 

Shantz  (4-6)  has  pointed  out  that  the  character  of  the  native  plant 
cover  can  be  used  as  a  reliable  indicator  of  the  capacity  of  land  for 
the  production  of  farm  crops  in  the  short-grass  region  of  Colorado, 
provided  the  relation  between  the  vegetation  and  the  environment  is 
correctly  interpreted.  Kearney  and  others  (23)  have  gone  still  fur- 
ther in  the  scientific  study  of  native  vegetation  in  the  Tooele  Valley, 
Utah.  They  have  shown  that  the  character  of  the  native  vegetation 
affords  a  reliable  index  of  the  conditions  favorable  or  unfavorable  to 
the  production  of  farm  crops  and  have  incidentally  established  cor- 
relations between  the  native  plant  cover  and  the  available  moisture 
and  the  physical  and  chemical  properties  of  the  soil. 

Sampson  (44)  has  studied  the  relationship  between  the  native  vege- 
tation and  the  carrying  capacity  of  range  lands  and  has  developed 
the  practical  application  of  these  principles  to  a  point  where  they  are 
of  great  importance  in  the  judicious  management  of  the  range  lands 
in  the  western  United  States. 

Clements  (16)  has  treated  extensively  the  fundamental  concept  of 
agricultural,  grazing,  and  forest  indicators  in  their  broader  ecological 
aspects. 

European  foresters,  among  whom  Ratzeburg  (42)  and  Ramann 
(41)  may  be  mentioned,  have  long  recognized  the  significance  of 
characteristic  indigenous  forms  of  the  lesser  vegetation  as  indica- 
tors of  site  quality.  Cajander  (9)  has  recently  treated  the  native 
vegetation  of  central  and  eastern  Europe  as  indicators  of  site  quality 
in  the  demarcation  of  forest  types,  and  Frombling  (17)  and  Rubner 
(4S)  have  still  more  recently  emphasized  the  use  of  the  lower  forms 
of  plant  life  in  the  forest  as  indicators  in  solving  many  of  the  dif- 
ficult silvicultural  problems  of  natural  regeneration,  thinnings,  and 
methods  of  cutting. 

In  the  United  States  no  equally  comprehensive  studies  have  been 
made  of  plant  indicators  for  forest  production,  although,  scattered 
through  the  forestry  literature,  brief  notes  are  found  suggesting 
the  possibility  of  a  relation  between  natural  vegetation  and  forest 
productivity. 

As  early  as  1808,  Peters  (39),  as  a  result  of  observations  made  in 
Northampton  County,  Pa.,  called  attention  to  the  fact  that  hem- 
lock, white  pine,  and  pitch  pine  are  likely  to  be  found  on  deep, 
fertile  loams  as  well  as  on  the  thinnest,  sterile  sandy  soils,  and  that 
therefore  timber  alone  is  not  always  an  invariable  indicator  of  the 
capabilities  of  the  land.  Some  of  the  recent  literature  on  the  use  of 
the  native  vegetation  as  indicators  of  forest  sites  has  been  reviewed 
by  Korstian  (24,  2S). 

Every  site  is  a  complex  of  climatic  and  soil  characteristics  having 
a  determining  influence  upon  the  character  of  the  vegetation.    There- 
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fore,  in  the  determination  of  site  quality  a  detailed  consideration  of 
the  individual  causal  factors  is  not  essential  if  it  can  be  assumed 
that  their  combined  effect  will  be  evident  in  the  composition  and 
vigor  of  the  vegetation.  The  native  plants,  in  their  response  to  the 
site  factors,  presumably  show  the  effect  of  the  summation  of  these 
factors.  Every  plant  may,  therefore,  be  regarded  as  a  criterion  of 
the  environment  in  which  it  grows  and,  moreover,  an  indicator  of 
the  behavior  on  the  same  site  of  other  species  whose  requirements 
are  known. 

Studies  of  the  natural  successional  relations  of  the  native  shrubby 
species,  their  root  development,  the  relative  size,  structure,  and 
moisture  content  of  the  leaf,  sap  density,  and  relative  transpiration 
were  therefore  undertaken  to  determine,  as  far  as  possible,  the  sig- 
nificance of  the  native  vegetation  on  the  various  sites. 

FAILURE  OF  SUCCESSIONAL  STAGE  AS  AN  INDICATOR 

In  the  first  of  these  studies  an  attempt  was  made  to  test  a  hy- 
pothesis, which,  if  confirmed,  would  simplify  the  choice  of  planting 
sites  through  the  use  of  native  vegetation.  Since  the  planting  of 
pine  in  the  brush  type  appears  to  be  merely  the  artificial  forcing  of 
a  plant  succession  which  takes  place  naturally  under  conditions  not 
greatly  dissimilar,  a  working  hypothesis  was  built  up  upon  this 
basis,  using  principles  of  plant  succession  already  worked  out  for 
the  general  Rocky  Mountain  region,  largely  by  Clements   (IS). 

It  is  evident  that  where  it  occurs  naturally  in  southern  Utah 
and  central  Idaho  western  yellow  pine  is  the  climax  forest.  In 
both  these  regions,  after  fires  or  other  accidents  kill  out  the  pine, 
a  plant  succession  is  started  in  which  shrub  associations  similar  to 
those  characteristic  of  the  intervening  pineless  belt  occupy  the  areas 
until  western  yellow  pine  seeds  in  and  again  becomes  dominant. 
Consequently  the  different  associations  within  the  brush-land  zone 
would  naturally  appear  to  be  favorable  to  western  yellow  pine  in 
the  order  of  their  successional  sequence.  An  attempt  was  there- 
fore made  to  work  out  these  successional  relations  as  typified  in 
the  oak-brush  zone  in  Ephraim  Canyon. 

The  details  of  the  earlier  stages  of  the  succession  on  wet  lands 
are  immaterial  to  this  study,  as  swamps  and  bogs  are  not  consid- 
ered as  planting  sites  for  western  yellow  pine.  As  these  areas  dry 
up,  however,  they  can  be  considered.  According  to  the  authors' 
observations,  the  bogs  develop  directly  into  typical  sagebrush  flats 
in  which  sedges  (Oarex  spp.)  may  persist  for  some  time.  The 
sagebrush  is  aggressive  and  the  change  appears  to  occur  rapidly 
and  to  be  generally  extensive.  The  next  change,  to  oak  brush, 
appears  to  be  very  slow,  sometimes  involving  a  temporary  inter- 
mediate stage  characterized  by  serviceberry.  Acorns  falling  upon 
bare  ground  are  killed  by  drying  out  or  the  alternate  freezing  and 
thawing  to  which  they  are  subjected  in  the  autumn.  When  covered 
by  a  layer  of  oak  or  serviceberry  leaves  they  doubtless  remain 
viable  and  many  sprout  and  take  root  before  the  winter  snows  cover 
them.  Hence  in  some  cases  the  serviceberry  favors  the  invasion 
of  the  oak.  Once  the  oak  brush  gains  a  foothold  it  has  no  difficulty 
in  shading  out  the  sagebrush  and  in  persisting  as  the  climax  type 
of  vegetation. 
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The  succession  on  dry  lands  is  less  easily  followed  than  that  on  the 
wet  lands  on  the  opposite  side  of  the  oak-brush  climax.  Rocky 
ridges  bear  an  open  stand  of  shrub  species  that  may  consist  of  com- 
mon mountain-mahogany,  bitterbrush,  squaw-apple,  or  manzanita, 
or  mixtures  of  these  species  together  with  sporadic  occurrences  of 
serviceberry,  winter  fat,  and  possibly  other  shrubs.  Manzanita 
tends  to  grow  in  pure  stands  more  commonly  than  the  others,  occur- 
ring typically  on  the  poorest  soil,  usually  of  sandstone  origin.  It 
perhaps  should  be  placed  one  stage  lower  in  successional  sequence 
than  its  associates.  Except  on  these  rocky,  thin-soiled  ridge  tops,  the 
oak  brush  at  once  comes  in,  at  first  low  in  stature  but  clearly  domi- 
nating the  site  as  the  climax  type  of  vegetation. 

Fire  in  the  oak  brush,  as  will  be  shown  in  the  following  section, 
causes  only  a  very  temporary  change,  since  the  brush  sprouts  vigor- 
ously the  next  year  and  soon  regains  its  dominance.  In  the  sage- 
brush, however,  the  effect  of  fire  is  more  lasting  and  may  lead  to  a 
prolonged  occupation  of  the  site  by  grasses  and  herbs,  depending 
somewhat  upon  the  size  of  the  burn.  On  small  burns  the  sagebrush 
will  again  be  in  full  possession  of  the  area  within  three  years. 

As  soon  as  the  main  stages  in  the  local  plant  succession  were  deter- 
mined, as  shown  above,  it  was  realized  that  the  successional  relations 
of  the  native  vegetation  offered  no  clue  to  the  suitability  of  the  differ- 
ent sites  for  the  planting  v)f  western  yellow  pine.  The  experience 
with  forest  planting  in  the  intermountain  region  has  shown  the 
validity  of  this  conclusion.  The  chief  reason  appears  to  be  that 
western  yellow  pine — as  well  as  other  species  of  pine — possesses  many 
of  the  characteristics  of  plants  growing  in  waste  places.  Open  bare 
soil  best  fulfills  its  requirements  for  initial  stages  of  growth,  for 
there  the  pine  finds  the»most  favorable  soil  moisture  as  well  as  tem- 
perature. While  it  is  probably  true  that  as  the  succession  progresses 
the  soils  themselves  become  increasingly  favorable,  yet  the  pine  can 
not  take  full  advantage  of  the  changed  site  conditions  so  long  as  a 
natural  vegetation,  adapted  to  the  minimum  soil  moisture  for  western 
yellow  pine,  remains  on  the  ground  to  compete  with  the  pine  for  the 
scanty  water  supplies. 

Furthermore,  root  development  in  the  upper  soil  layers,  which  is 
so  important  in  determining  soil  moisture  and  the  initial  survival 
of  western  yellow  pine  plantations,  does  not  vary  regularly  with 
the  successional  stages.  The  successional  stage  of  the  vegetation, 
therefore,  can  not  be  used  as  a  means  of  determining  the  suitability 
of  the  site  for  the  planting,  so  long  as  the  trees  are  placed  in  com- 
petition with  native  vegetation  equally  drought  enduring  or  more  so. 
If  the  ground  were  cleared,  as  in  agriculture,  the  results  would  ob- 
viously be  very  different,  and  use  could  probably  be  made  of  the 
successional  stage  as  a  general  indicator  of  the  suitability  of  the 
cleared  site  for  western  yellow  pine. 

In  contradiction  of  the  above  conclusion  that  the  so-called  perma- 
nent brush  lands  have,  for  the  most  part,  reached  their  climax  type, 
it  has  been  claimed  that  these  brush  lands  represent  a  zone  of  suc- 
cessional immaturity  caused  by  a  retrogression  following  repeated 
fires  in  times  prior  to  the  advent  of  the  white  man.  While  this 
hypothesis  is  hardly  tenable  in  view  of  the  evidence  already  presented 
in  regard  to  the  essential  climatic  differences  between  the  brush-land 
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zone  and  the  pinelands  to  the  north  and  the  south,  nevertheless  it 
may  be  well  to  point  out  briefly  some  of  the  other  evidence  that  in 
part  invalidates  this  contention. 

Were  this  hypothesis  true,  dynamic  successional  changes  would  be 
general  throughout  the  brush-land  region,  since  it  is  no  longer  sub- 
ject to  repeated  fires.  A  careful  study  of  successional  relations  in  the 
brush  zone  reveals  that  the  major  formations  are  now  static,  each 
occupying  its  own  peculiar  soil  type.  Sagebrush  is  a  possible  excep- 
tion, as  it  seems  to  be  open  to  extremely  slow  invasions  of  oak  brush 
and  aspen  through  extension  by  root  suckers.  Furthermore,  while 
there  is  a  scattering  of  conifers — Douglas  fir  and  white  fir — in  most 
of  the  oak-brush  zone,  a  careful  study  on  the  Ephraim  Canyon  water- 
shed indicates  that  the  effect  is  not  cumulative.  Scattered  seedlings 
gain  a  foothold  only  about  as  fast  as  the  mature  trees  die,  so  that 
there  is  no  transformation  of  types  but  merely  an  uncertain,  fluc- 
tuating, scattered  occurrence  of  various  conifers  within  the  oak  brush. 
Table  13  shows  this  clearly.  Were  a  successful  invasion  occurring 
at  the  present  time,  seedlings  and  saplings  would  greatly  outnumber 
the  mature  trees.  The  various  scattered  occurrences  of  western 
yellow  pine  well  into  the  general  pineless  zone  show  no  activity  in 
extending  themselves  beyond  present  boundaries  and  merely  main- 
tain a  precarious  existence  upon  areas  where  particularly  favorable 
soil  and  moisture  conditions  are  found.  There  is  accordingly  no 
evidence  that  the  brush  lands  here  are  maintained  by  fires  alone. 

13. — Scattered  occurrence   of   conifer   seedlinffs   on   north   a/nd   south 
exposures  m  Ephraim  Canyon,  in  trees  per  acre^ 


Aspect  and  tree  species 

Seedlings 
under  3 
feet  in 
height 

Saplings 
3  feet 

high  to  4 
inches 

d.  b.  h. 

Small  poles 

4to8 

inches 

d.  b.  h. 

Large 

poles  8  to 

12  inches 

d.  b.  h. 

North  slope: 

Number 

Number 

1.7 

6.7 

.3 

6.7 

Number 
0.3 
2.0 

Number 
0.7 

White  fir 

1.7 

.7 

Alpine  fir         

Rocky  Mountain  red  cedar 

4.3 

LO 

Total 

6.0 

14.4 

3.3 

1.4 

South  slope: 

Pinon             

15 

2.0 

2.6 
L6 

.6 
6.6 

TTtfth  jnTiip«r 

Total 

3.6 

4.0 

7.0 

J  Data  obtained  by  a  strip  survey;  no  trees  larger  than  12  inches  in  dimaeter  were  present. 

Furthermore,  where  fires  have  run,  as  in  parts  of  the  Douglas  fir 
and  spruce  zones,  the  conifers  become  limited  to  areas  marked  by 
rocky  outcrops  and  cliffs,  where  the  ground  cover  is  so  broken  that 
the  light  fires  characteristic  of  the  region  can  not  spread.  In  the 
brush-land  zone  the  sporadic  occurrences  of  western  yellow  pine  are 
confined  to  sandy  soil  or  stream  bottoms  and  are  not  tree  from  forest 
fires. 

The  hypothesis  that  fire  alone  is  responsible  for  the  brush  lands 
therefore  has  no  basis.  Moreover,  there  is  no  evidence  in  support  of 
the  hypothesis  that  the  brush  lands  constitute  a  zone  of  successional 
immaturity  resulting  from  repeated  fires  in  the  past. 
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INDICATOR  SIGNIFICANCE  OF  BRUSH-LAND   SHRUBS  BASED   ON 
ROOT  DEVELOPMENT 

Root  competition  has  already  been  referred  to  as  one  of  the  reasons 
why  the  establishment  of  western  yellow  pine  within  the  brush  lands 
is  difficult.  A  direct  study  of  root  development  for  the  purpose  of 
throwing  additional  light  on  the  suitability  of  the  brush-land  sites 
for  forest  planting  was  therefore  desirable.  Investigations  in  Utah 
(BS)  and  in  the  short-grass  regions  of  Colorado  (46)  have  proved 
this  to  be  a  fertile  field  for  determining  the  potentialities  of  agricul- 
tural lands. 

Excavation  of  root  systems  of  western  shrubs  has  also  been  carried 
on  by  Cannon  (11),  Markle  (SS),  and  Weaver  (52,  5^),  but  they  did 
not  make  specific  application  of  their  results  to  any  particular 
forestry  problem.  Weaver  (5i,  56),  however,  has  shown  that  root 
position  clearly  reflects  soil  moisture,  especially  when  interpreted  in 
its  habitat  relations,  and  that  a  study  of  root  habit  greatly  facilitates 
the  determination  of  the  value  of  various  species  in  indicating  the 
potential  productivity  of  agricultural  and  forest  land.  These  studies, 
however,  contain  few  data  directly  applicable  to  the  present  investi- 
gation, since  entirely  different  species  are  treated.  Moreover,  the 
forester's  problem  is  different  from  that  of  the  farmer,  since  in  forest 
planting  the  trees  are  placed  in  direct  competition  with  the.  roots  of 
the  native  vegetation,  whereas  in  agriculture  the  ground  is  first  pre- 
pared by  plowing  and  all  vegetation  is  removed.  Thus  the  different 
types  of  root  systems  may  have  generally  opposite  indications  in  the 
two  lines  of  investigation. 

Roots  extending  to  moderate  depths  indicate  that  the  layers  of 
soil  that  would  be  used  by  crop  plants  are  periodically  moist,  and 
thus  they  are  favorable  indicators  to  the  farmer  who  plows  that 
vegetation  under  and  plants  his  crop  in  the  moist  soil.  To  the  for- 
ester, shallow  roots  indicate  a  maximum  of  root  competition.  The 
question  at  once  arises  whether  a  dry  site  free  from  shallow  roots  is 
inferior  to  a  moist  site  crowded  with  shallow  roots.  The  conclusion 
to  be  drawn  from  these  studies  of  root  systems,  coupled  with  soii- 
moisture  determinations  and  the  results  of  plantations  is  that  shal- 
low-root competition,  at  least  during  the  first  year,  is  actually  worse 
than  a  naturally  dry  site.  A  deep-soiled,  moist  flat  covered  with 
sagebrush  having  a  very  extensively  developed  superficial  root  sys- 
tem actually  produced  a  lower  initial  survival  of  western  yellow  pine 
than  the  squaw-apple  association  on  a  hot,  barren  south  slope  where 
all  the  native  vegetation  draws  its  moisture  from  deep  soil  layers. 

It  is  probable  that  in  every  association,  except  on  some  of  the 
wettest  sites  such  as  marshes  and  stream  banks,  the  native  vegeta- 
tion uses  practically  all  the  available  water  and  that  at  the  time 
of  the  summer  minimum  there  is  little  water  available  anywhere. 
The  best  forest-planting  sites  would  naturally  be  moist  areas  covered 
with  deep-rooted  vegetation.  But  these  sites  are  equally  suited  to 
the  invasion  of  shallow-rooted  plants,  and  accordingly  such  ideal 
sites  are  rarely  found.  For  example,  what  appeared  to  be  a  fairly 
moist  slope  occupied  by  common  mountain-mahogany  and  service- 
berry,  both  deep-rooted  species,  was  planted  to  western  yellow  pine, 
with  very  poor  results.  Further  study  of  the  site  revealed  great 
quantities  of  snowberry  of  email  size  growing  about  the  bases  of  the 
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brush  clumps,  the  well-developed,  widespreading,  shallow  root  sys- 
tems undoubtedly  making  the  area  a  poor  planting  site.  A  deli- 
cate relationship  must,  therefore,  exist  between  the  natural  moisture 
of  the  site  and  the  completeness  of  its  removal  by  the  vegetation  upon 
it.  Root  habit  can  be  used  in  only  a  broad  way,  with  the  main  fact 
in  mind  that  shallow-rooted  vegetation  is  very  unfavorable. 

On  the  other  hand,  when  this  vegetation  is  removed  by  fire,  over- 
grazing, or  even  plowing,  pine  can  be  planted  with  much  better 
results,  since  it  must  then  compete  only  with  scattered  or  chance 
early  invaders  of  the  site  rather  than  with  a  completely  established 
ground  cover  of  shallow-rooted  species.  Heavy  grazing  may  help  to 
produce  favorable  conditions  by  bringing  about  the  destruction  of 
shallow-rooted  grasses  and  herbs,  in  much  the  same  way  in  which 
it  aids  natural  reproduction  of  western  yellow  pine  in  the  South- 
west (37). 

To  determine  the  root  characteristics  of  the  typical  brush-land 
shrubs,  a  large  number  of  root  systems  were  excavated  in  Ephraim 
Canyon  and  at  the  pines  station,  an  area  within  the  natural  western 
yellow  pine  type  of  the  Manti  National  Forest,  and  in  Big  Cotton- 
wood Canyon  in  the  Wasatch  National  Forest,  all  in  Utah.  In  most 
of  the  root  systems  excavated  in  this  study,  more  attention  was  given 
to  the  general  form  of  growth  and  development  and  the  presence  of 
feeding  rootlets  in  the  upper  soil  layers  than  to  the  greatest  depth 
to  which  the  roots  penetrated.  This  was  partly  because  the  maximum 
depth  of  penetration  was  not  pertinent  to  the  study  and  partly 
because  the  heavy  clay  soil,  which  becomes  dry  and  compact  in  mid- 
summer, makes  it  exceedingly  difficult  to  excavate  root  systems  to 
iiny  great  depth  without  breaking  off  the  small,  brittle  rootlets. 

CLASSIFICATION   OF  ROOT   SYSTEMS   AND   THEIR   SIGNIFICANCE 

The  root  systems  studied  may  be  conveniently  divided  into  four 
classes,  each  reacting  upon  the  upper  soil  layer  to  a  different  degree, 
r.s  follows:  (1)  Deep  systems  consisting  mostly  of  taproots  which 
spread  in  the  lower  layers  of  soil  and  have  practically  no  feeding 
roots  in  the  upper  layers;  (2)  systems  with  widespreading  rhizomes 
•consisting  of  a  shallow  network  of  roots  which  are  largely  rhizomes 
and  have  only  a  few  short  feeding  rootlets,  coupled  with  a  deep- 
feeding  root  system;  (3)  generalized  systems  consisting  of  many 
spreading  roots  feeding  in  upper  and  lower  soil  layers ;  (4)  2-storied 
-systems  consisting  of  shallow-feeding  roots  in  the  upper  soil  layers 
coupled  with  a  very  deep  feeding  root  system,  with  practically  no 
feeders  in  the  intermediate  soil  layers. 

Deep-Rooted  Species 

To  the  first  of  these  four  classes  belong  the  squaw-apple,  rubber 
rabbit  brush  (fig.  22),  bitterbrush  (fig.  23),  joint  fir  or  Mormon  tea 
(fig.  24),  serviceberry  (fig.  25),  common  mountain-mahogany  (fig. 
22),  and  sticky  currant  (fig.  26). 

Of  these,  the  rubber  rabbit  brush  presents  the  most  striking  ex- 
ample of  a  deep-feeding  root  system.  Each  plant  has  one  or  a  few 
long  unbranched  taproots  supplied  with  only  a  few  short  hairlike 
rootlets  for  the  entire  length.     No  specimen  was  excavated  to  a 
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Mountain 
ahoyany 


sufficient  depth  to  find  where  branching  occurred,  although  one  system 
was  traced  to  a  depth  of  7  feet. 

Bitterbrush  has 
somewhat  the  same 
type  of  root  system  but 
branches  within  a  foot 
or  two  of  the  surface 
of  the  ground.  The 
larger  roots  are  covered 
with  a  dry  stringy 
bark  similar  to  that  of 
cedar.  Squaw-apple, 
joint  fir,  common 
mountain  -  mahogany, 
and  serviceberry  have 
systems  which  are  very 
similar.  There  may  be 
one  or  several  taproots 
from  the  base  of  a 
medium  -  sized  bush. 
These  extend  almost 
straight  down,  spread- 
ing only  slightly  and 
subdividing  at  inter- 
vals into  somewhat  smaller  roots.  All  of  the  absorbing  rootlets, 
however,  lie  at  great  depths  in  the  soil,  and  practically  none  were 
found  in  these  investigations. 


Figure  22. — Typical  root  systems  of  rubber  rabbit  brush 
(Chrysothamnus  nauseosua)  and  common  mountain- 
mahogany   {Cercocarpus  montanus)   in  oalc-brush  zone 


Figure  23. — Bitterbrush  (Purshia  tridentata)  showing  typical  root  development  (A) 
in  heavy  clay  soil  on  Ephraim  Canyon  watershed  and  (B)  in  light  sandy  soil  near 
the  pines  station 

Sticky  currant  (fig.  26)  had  very  few  feeding  rootlets  on  any 
portion  of  the  system  excavated.  The  plant  which  was  dug  up  had 
a  root  system  18  to  24  inches  in  lateral  extension  and  between  3  and 
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4  feet  deep.  The  relatively  few  branches  on  this  system  were  quite 
long  and  had  a  few  fibrous  rootlets. 
Serviceberry  probably  feeds  at 
the  shallowest  depth  of  all  the 
deep-rooted  species,  but  even  in 
this  species  the  root  system  lies 
from  3  to  6  feet  below  the  surface 
of  the  ground  and  naturally  has 
very  little  effect  upon  planted 
western  yellow  pine.  This  type 
of  root  system  obviously  indicates 
highly  favorable  conditions  for 
planting,  as  practically  all  root 
competition  is  absent.  The  pres- 
ence of  deep-rooted  shrubs  can  in 
no  way  ameliorate  a  site  that  is 
■  already  hot,  dry,  and  consequently 
severe;  their  significance  is  that 
they  do  not  render  a  good  site 
unsuitable.  Nearly  all  these 
shrubs  are  quite  drought  resistant 
and  are  characteristically  found 
on  severe  sites.  Bitterbrush  and 
common  m  o  u  n  t  a  i  n-mahogany, 
however,  sometimes  extend  to 
sites  that  are  only  moderately  severe,  and  common  serviceberry  and 
sticky  currant  are  frequently  found  on  mesophytic  sites,  the  latter 
often  in  the  temporary  brush  types  on  potential  Douglas  fir  sites. 


Figure    24. — Typical 


root    system    of 
viridifi),     often 
known  as  Mormon  tea,  in  oak-brush 
zone 


joint     tir    (Ephedra 


m, 


Figure  25. — Typical  root  system  of  common  serviceberry   (Amelanchier  alnifoUa)  In 

oak-brusli  zone 


Squaw-apple,   rubber   rabbit   brush,   and   joint   fir    (Mormon   tea) 
are  almost  always  limited  to  such  severe  hot,  dry  sites  that  plan- 
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tations  on  these  sites  will  not  succeed  even  if  root  competition  is 
eliminated. 

Systems  with  Widespreading  Rhizomes 

In  the  second  class  of  root  systems  are  found  those  of  oak  brush 
(fig.  27,  A),  black  chokecherry  (fig.  28),  Fendler  rose  (fig.  29), 
creeping  hollygrape,  winter  fat  (fig.  30),  myrtle  boxleaf  (fig.  27,  B), 
mallow  ninebark  (fig.  31),  western  thimblfeberry  (fig.  32),  and  bear- 
berry  honeysuckle  (fig.  33). 

All  these  species  are  characterized  by  the  presence  of  rhizomes,  gen- 
erally bearing  scanty  feeding  rootlets  coupled  with  a  more  or  less 
deep-feeding  root  system.  It  is  obvious  that  the  value  of  these  plants 
as  indicators  is  somewhat  variable,  depending  upon  the  extent  to 
which  shallow-feeding  rootlets  are  developed  upon  the  rhizome. 


Figure  26. — Typical  root  system  of  sticky  currant  (Ribes  viscosissimum) .     (12-inch 
squares  in  perspective) 

The  oak  brush  has  a  thick  mat  of  superficial  roots  which  spread 
widely  from  the  clumps  of  brush.  At  intervals  a  feeding  root  ex- 
tends vertically  downward  from  these  surface  roots  and  usually  does 
not  subdivide  until  it  has  reached  a  depth  of  4  or  5  feet.  Most  of  the 
absorption  takes  place  at  an  even  greater  depth.  The  superficial  root 
system,  although  very  highly  developed,  consists  mostly  of  rhizomes, 
and  there  are  few  feeding  rootlets  in  the  upper  foot  of  soil.  The 
rhizomes  make  planting  difficult  in  dense  oak  brush,  as  they  interfere 
with  digging  the  planting  holes  and  with  packing  the  soil  firmly 
around  the  planted  trees.  Their  interference  with  planting  is  prob- 
ably more  objectionable  than  the  w^ithdrawal  of  moisture  from  the 
soil  after  the  tree  is  planted.  While  the  oak -brush  roots  do  not 
greatly  impair  the  value  of  a  planting  site,  in  some  places  the  brush 
is  so  luxuriant  that  good  sites  are  unsuitable  for  pine  because  of  thej 
deficiency  of  light. 

Black  chokecherry  has  a  root  system  similar  to  that  of  the  oak  but 
with  fewer  surface  roots  and  less  rhizome  branching.     Each  bus.b.  hag. 
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a  few  rhizomes  extending  in  various  directions,  from  which  feeding 
roots  extend  straight  downward  for  long  distances,  without  branch- 


FiouRE  27. — A,  Typical  root  systems  of  oak  brush  {Quercus  utahensis)  in  Ephraim 
Canyon ;  B,  Typical  root  systems  of  myrtle  boxleaf  {Pachistima  myrainites)  in 
Ephraim  Canyon 

ing.  Black  chokecherry  is  confined  to  mesophytic  sites,  and  since  its 
root  system  is  favorable,  it  is  an  indicator  of  high  value  and  at  its 
upper  elevations  may  even  indicate  Douglas  fir  sites. 
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Figure  28. — Black  chokecherry  {^Prunus  melanocarpa)   showing  typical  form  of  root 
system  in  oak-brush  zone 

The  creeping  hollygrape  (Odostemon  repens)  root  system  is  some- 
what similar  to  that  of  the  black  chokecherry.  About  a  foot  below 
the  soil  surface  a  single  rhizome  generally  occurs  from  which  vertical 
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feeding  roots  and  shoots  are  sent  out  at  intervals.    The  rhizomes  are 
provided  with  a  number  of  small  feeding  rootlets,  but  they  are  all 

very  short  and  can  with- 
draw water  from  limited 
areas  of  soil  only.  This 
species  seldom  dominates 
an  area  and  usually  must 
be  considered  in  conjunc- 
tion with  other  shrubs. 
It  is  frequently  found  on 
severe  sites. 

Winter  fat  occurs  on 
dry  sites  which  are  gener- 
ally unsuitable  for  plant- 
ing. The  root  system  is 
essentially  deep  feeding, 
consisting  of  main  roots, 
running  downward  to 
great  depths,  that  start  at 
irregular  intervals  from  a 
long  rhizome  4  to  5  inches 
below  the  surface.  This 
rhizome  bears  a  few  scat- 
tered roots  which  draw 
small  quantities  of  water 


^ 

t 

li 
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Figure  29. — Fendler  rose  (Rosa  fendleri)   showing 
typical  root  system  in  oak-brush  zone 


Figure    30. — Typical    root    system    of    winter    fat 
{Eurotia  lanata)    in  oak-brush  zone 


from  the  upper  soil,  but  the  plant  absorbs  most 
of  its  moisture  through  the  deep  terminals  of  the 
main  roots. 

Myrtle  boxleaf  rhizomes  are  close  to  the  surface 
and  are  very  numerous  and  small.  The  greater 
part  of  the  root  system  consists  of  very  much  con- 
torted roots  which  subdivide  and  spread  to  some 
extent  in  the  upper  2  feet  of  soil  but  which  have 
most  of  their  absorbing  rootlets  at  greater  depths. 
This  species  is  almost  always  found  under  the 
shade  of  aspen,  oak,  and  other  brush  and  is  there- 
fore not  of  primary  importance  as  an  indicator,  although  sometimes 
it  occupies  old  Douglas  fir  burns  to  the  exclusion  of  almost  all  other 
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Figure    31. — Typical    rhizomes    and    root    system    of    mallow    ninebark    {Opulaster   tnal- 
vaceua).     (12-inch  squares  In  perspective) 


Figure  32. — Typical  rhizomes  and  root  systems  of  western  thimbleberry    {Rubus  parvi- 
florus).     (12-inch  squares  in  perspective) 
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vegetation.  Its  presence  in  association  with  other  species  in  no  way 
depreciates  the  indicator  value  of  the  major  species. 

The  Fendler  rose  sends  a  taproot  downward  early  in  its  life  and 
later  develops  a  more  spreading  root  system,  although  at  a  consider- 
able depth  in  the  soil.  Few  feeding  rootlets  are  found  above  the 
depth  of  3  feet,  except  in  young  plants  and  on  moist  soils.  After 
this  root  system  is  developed,  the  plants  send  out  a  few  rhizomes  in 
all  directions,  and  these  may  in  turn  send  down  feeding  roots  to 
deeper  levels  and  from  time  to  time  these  rhizomes  give  rise  to  new 
rose  plants  along  their  lengths.  Fendler  rose  occupies  fairly  well 
watered  sites  and  consequently  is  an  indicator  of  favorable  sites; 
however,  it  rarely  dominates  an  area,  and  its  indicator  value  may 
have  to  be  discounted  because  of  less  favorable  associates. 

Mallow  ninebark  has  a  rhizome  running  through  the  upper  12  to 
18  inches  of  soil  with  a  few  small  rootlets  extending  to  a  depth  of  30 


Figure  33. — Rhizomes  and  root  systems  of  bearberry  honeysuckle 
(Lonicera  involucrata) .     (12-inch  squares  in  perspective) 

to  36  inches  below  the  surface.  It  has  many  absorbing  rootlets  along 
the  rhizome  between  plants.  This  species  is  not  common  in  the 
brush  zone  but  in  Utah  is  more  characteristic  of  temporary  brush 
areas  in  the  Douglas  fir  zone.  However,  in  central  Idaho  it  is  fre- 
quently found  on  potential  western  yellow  pine  sites.  The  root 
system  probably  draws  more  heavily  upon  surface  moisture  than  in 
the  preceding  species,  but  as  it  is  generally  found  on  moister  sites  the 
unfavorableness  of  the  root  system  is  largely  offset.  Mallow  nine- 
bark  may  therefore  be  regarded  as  an  indicator  of  fair  conditions 
for  planting  western  yellow  pine,  either  upon  Douglas  fir  burns  or 
permanent  brush  sites. 

Western  thimbleberry  has  a  long  rhizome  running  parallel  to  the^ 
surface  of  the  ground  at  a  depth  of  approximately  12  inches  for 
2  or  3  feet  and  then  extending  downward  to  a  depth  of  6  or  more  feet.. 
Practically  all  the  absorbing  rootlets  are  found  along  the  main  root, 
running  parallel  to  the  surface  of  the  ground.  This  root  system  is  of 
a  still  more  unfavorable  type.    The  plant  is  characteristic  of  moist, 


WESTERN  YELLOW  PINE  ON  INTERMOUNTAIN  BRUSH   LANDS       63 

Douglas  fir  sites  in  Utah  and  is  rarely  found  on  the  drier  sites  which 
would  generally  be  chosen  for  pine  plantings.  Moreover,  if  planted 
on  sites  where  thimbleberry  occurs  in  dense  stands,  the  heavy  cover 
formed  by  the  broad  leaves  of  this  shrub  soon  shades  out  the  pine. 
The  bearberry  honeysuckle  has  a  root  system  composed  of  com- 
pact bunches  of  roots  developed  at  close  intervals,  on  a  running 
rootstock.  Each  plant  has  a  lateral  extension  of  about  12  inches 
and  a  downward  extension  of  12  to  18  inches.  There  is  a  mass  of  fine 
fibrous  roots  a  short  distance  below  the  surface.  This  species  is 
characteristic  of  very  moist  sites  in  the  Douglas  fir  zone  but  may 
sometimes  occupy  similar  sites  in  the  permanent  brush  zone. 

Generalized  Spreading  Systems 

The  third  class  of  root  systems  contains  those  of  the  following 
j)lants:  White  fir,  western  yellow  pine  (fig.  34,  B) ^  pointleaf  man- 
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Figure  34. — A,  Mountain  snoAvberry  {Symphoricarpos  oreophilus)  showing  develop- 
ment of  root  system  in  young  and  old  plants  in  oak-brush  zone  ;  B,  western  yellow 
pine  {Pinus  scopulorum)  showing  development  of  root  system  on  light  sandy  soil 
near  the  pines  station 

zanita  (fig.  35),  mountain  snowberry  (fig.  34,  A),  snowbrush  (fig. 
36),  russet  buffaloberry  (Lepargyrea  canadensis)  (ng.  37),  and  clem- 
atis {Clematis  ligusticifoJia)  (fig.  38).  A  generalized  root  system 
is  characteristic  of  all  these  species.  Feeding  roots  are  found  in  both 
the  upper  and  lower  soil  la^'-ers,  so  that  the  moisture  of  the  upper 
strata  is  very  largely  depleted  by  the  activities  of  these  plants.  The 
white  fir  and  western  yell'ow  pine  are  very  similar  in  general  form  of 
root  system.  In  both  species  a  taproot  is  first  formed.  This  later 
develops  into  a  generalized  spreading  root  system,  which  draws 
moisture  from  successively  lower  layers  as  the  tree  becomes  older. 
There  is  generally  some  absorption  from  relatively  shallow  soil  lay- 


64         TECHNICAL  BULLETIN   2  5  6,  U.  S.  DEPT.  OF  AGRICULTURE 


ers,  particularly  in  white  fir.  In  western  yellow  pine,  however,  most 
of  the  absorption  occurs  at  depths  greater  than  2  feet.  Surface  roots 
are  largely  absent   from  the  western  yellow   pine   studied  on  the 

_  Wasatch  Plateau  in 
Utah.  This  may  be 
due  to  the  light  sum- 
mer rains. 

Pointleaf  manza- 
nita  is  distinctly 
generalized  in  its 
root  system,  and  nu- 
merous roots  spread 
from  the  base  of  the 
plant  in  all  direc- 
tions. Some  of  these 
roots  are  large  and 
extend  considerable 
distances  before  de- 
veloping feeders,  but 
there  are  always  so 
many  small  feeding 
roots  mingled  with 
them  that  moisture  is 
drawn  from  a  large 
volume  of  soil,  much 
of  it  near  the  surface 
and  usually  close  to 
the  base  of  the  plant. 
This  species  is  not 
very  significant  as 
an  indicator.  It  is 
most  commonly 
found  on  severe  sites, 
but  because  it  usu- 
ally occurs  in  open 
stands  it  does  not  re- 
duce the  soil  mois- 
ture as  much  as  the 
root  system  would 
indicate. 

Sncfwberry  also 
has  a  distinctly  gen- 
eralized root  system. 
A  few  roots  extend 
from  the  base  of  the 
plant  in  various  di- 
rections at  a  depth 
of  only  a  few  inches 
below  the  surface  of  the  soil.  At  distances  of  a  few  inches  to  about  a 
foot,  they  curve  downward  and  run  almost  vertically  until,  at  a  depth 
of  about  2  feet,  they  divide  into  feeding  roots  which  extend  to  con- 
siderable depths.  Besides  these  prominent  roots,  many  small  feeding 
roots  extend  into  the  surface  layers  of  soil  near  the  base  of  the  plant. 


Figure  35. — Pointleaf  manzanita  {Arctostaphylos  punffens) 
showing  typical  root  development  (A)  In  calcareous 
very  fine  sandy  loam  on  Ephraim  Canyon  watershed 
and  (B,  C,  D)  in  light  sandy  soil  near  the  pines  station 
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The  soil  within  a  radius  of  2  feet  of  the  plant  has  the  upper  foot 
fairly  well  filled  with  absorbing  rootlets.  This  species  is  a  common 
associate  of  oak  brush,  serviceberry,  chokecherry,  and  many  other 
plants  with  deep-feeding  root  systems  and  does  much  to  render  un- 
suitable otherwise 
excellent  sites. 
When  well  developed 
it  is  a  very  serious 
competitor  of  west- 
ern yellow  pine. 

Snowbrush  has  an 
extensive  root  sys- 
tem spreading  out- 
ward and  downward. 
A  3-year-old  plant 
growing  in  good  soil 
in  the  Cottonwood 
nursery  on  the  Wa- 
satch National  For- 
est was  found  to 
have  lateral  feeders 
all  along  the  main 
roots  to  a  depth  of 
26  inches.  An  older  specimen  from  the  adjacent  slope  had  the  same 
general  character  of  root  system,  except  that  it  extended  to  depths 
of  6  to  8  feet. 


Figure  36 

thus  velut 


Typical  3-yoar-ol(l  plant 
utinus).      (.12-incli  squaj 


of  snowbrush    (Ceano- 
squares  in  perspective) 


Figure   37. 


-Root    system   of   russet  buffaloberry    {Lepargyrea   canadensis). 
squares  in  perspective) 


(12-inob. 


^  Kusset  buffaloberry  has  a  compact,  bunched  root  system  with  very 
little  tendency  to  develop  a  taproot.  The  root  systems  studied  ex*^- 
tended  down  about  3  feet,  but  the  greater  part  of  the  absorbing  sur- 
face was  situated  in  the  upper  18  to  24  inches  of  soil.  The  lateral 
extension  amounted  to  18  to  24  inches. 
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Clematis  has  a  rhizome  running  through  the  upper  12  inches  of 
soil,  but  the  absorbing  rootlets  are  shallow  and  closely  massed  below 
the  plant.  The  absorbing  surface  of  the  roots  and  rootlets  is  almost 
wholly  in  the  upper  12  to  18  inches  of  soil. 

In  Utah,  the  last  three  species  are  more  chai*acteristic  of  the  tem- 
porary brush  type^  of  the  Douglas  fir  zone  than  of  the  permanent 
brush  lands,  and  since  they  occur  on  more  moist  areas,  the  shallow 
roots  are  less  injurious  to  conifer  transplants  than  if  they  were  in 
drier  situations.  However,  snowbrush  occurs  on  more  severe  sites  in 
central  Idaho,  in  association  with  the  ponderosa  form  of  western 
yellow  pine.  Snowbrush  has  the  least  superficial  root  system  of  all 
three   species.     Both  russet  buffaloberry   and   clematis   are   charac- 


FiGURB  38. — Typical  root  systems  of  clematis   (Clematis  Ugmtici- 
folia).     (12-inch  squares  in  perspective) 

teristic  of  cool,  moist  sites  not  often  considered  as  planting  sites  for 
western  yellow  pine. 

Two-Stokied  Systems 

To  the  fourth  class  of  root  systems  belong  those  of  sagebrush  (fig. 
39)  and  Fendler  soapbloom  (fig.  40).  Of  these  the  sagebrush  pre- 
sents a  much  more  typical  2-storied  root  system  than  the  Fendler 
soapbloom.  The  prominent  sagebrush  taproot  sends  out  great  num- 
bers of  small  feeding  rootlets,  longer  near  the  surface  and  successively 
shorter,  until  at  a  depth  of  about  2  feet  they  almost  completely  dis- 
appear. Below  this  the  taproot  soon  divides,  but  without  developing 
feeding  rootlets  until  great  depths  are  reached.  It  is  very  difficult 
to  locate  the  final  feeding  rootlets  of  the  sagebrush  on  account  of 
their  brittleness  and  the  great  depths  to  which  they  penetrate. 

Fendler  soapbloom  has  a  root  system  similar  to  that  of  the  sage- 
brush. It  has  a  number  of  very  shallow  rootlets  extending  out  from 
the  base  of  the  plant.  The  taproot  extends  downward  only  about  a 
foot  before  branching  and  rapidly  produces  small  feeding  rootlets. 
A  surface  feeding  system  is  developed,  as  in  sagebrush,  but  the 
secondary  deep-feeding  system  lies  in  much  shallower  soil. 

This  type  of  root  system,  on  account  of  the  excessive  development 
of  surface  rootlets,  is  very  effective  in  exhausting  moisture  in  the 
upper  soil  layers  and  causing  failure  of  plantations  on  sites  occupied 
by  these  two  species.     Sagebrush  is  the  greater  offender  of  the  two, 
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because  it  normally  occupies  drier  sites,  forms  denser  stands,  and 
has  a  more  extensive  development  of  superficial  roots. 


Comparison  of  Sites 

In  general,  when  plants 
are  considered  in  associa- 
tion, it  may  be  said  that 
those  associations  occupy- 
ing the  dry  ridge  tops  and 
south  slopes  have  root  sys- 
tems which  feed  wholly  at 
great  depths.  The  inter- 
mediate classes  occupy 
north  slopes  and  less  severe 
sites,  and  the  shrubs  with 
the  best-developed  shallow 
root  systems  occupy  sites 
which  have  the  best  mois- 
ture conditions,  at  least 
during  a  part  of  the  grow- 
ing season.  The  form  of 
root  system  varies  some- 
Avhat  within  a  species  and 
is  affected  only  slightly 
by  soil  conditions.  Root 
systems  of  bitterbrush  (fig. 
23),  manzanita  (fig. 
35),  and  sagebrush  (fig. 
39)  from  the  light  sandy 
soils  of  the  pines  station 
show  the  same  general 
form  as  those  growing  on  the  heavy  clay  soils  of  Ephraim 
Canyon.     • 

The  root  system  of  any  plant  will  naturally  vary  somewhat  with 
the  moisture  conditions  under  which  it  grows.     A  plant  will  de- 


FiGCRE  39. — Sagebrush  {Artemisia  tridentata) 
showing  development  of  root  system  (A)  in 
heavy  clay  soil  on  the  Ephraim  Canyon  water- 
shed and  (B)  in  light  sandy  soil  near  the 
pines  station 


FiGUEE  40. — Typical  root  systems  of  Fendler  soapbloom   (Ceanothus  fendleri) 
in  oakbrush  zone 

velop  but  few  roots  in  a  horizon  which  is  habitually  dry.     On  the 
other  hand,  if  the  topsoil  layer  on  any  site  is  reasonably  moist  some 
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plant  will  take  advantage  of  the  available  water.  It  follows  then 
that  a  predominance  of  characteristically  deep-rooted  plants  indi- 
cates a  site  on  which  the  upper  layers  of  soil  are  naturally  dry  be- 
cause of  deficient  rainfall,  rapid  percolation,  or  high  evaporation. 
In  a  year  of  favorable  moisture,  planting  should  succeed,  but  the 
planted  trees  would  probably  suffer  before  their  roots  reached  per- 
manent moisture. 

After  deep-rooted  plants  become  established  on  a  site  having  a 
dry  surface  soil,  conditions  should  gradually  improve  through  the 
accumulation  of  a  surface  mulch  and  the  formation  of  a  humus 
layer ;  and,  as  has  already  been  shown,  shade  should  aid  perceptibly 
in  the  initial  establishment  of  planted  stock.  After  a  site  has  been 
improved  in  this  way  by  deep-rooted  pioneers,  the  native  vegeta- 
tion will  be  likely  to  take  advantage  of  the  increased  moisture  in 
the  upper  soil  layers.  The  original  plants  may  develop  lateral  ab- 
sorbing roots  near  the  surface  or  may  give  way  to  other  shallow- 
rooted  species  that  require  surface  moisture. 

Trees  planted  on  such  sites  are  not  likely  to  make  rapid  growth 
unless  soil  conditions  are  such  that  they  can  develop  active  absorb- 
ing roots  fairly  near  the  surface  where  the  organic  matter  occurs  and 
where  the  soil  aeration,  already  shown  to  be  necessary,  is  best.  These 
relations  are  strongly  reflected  in  the  superior  height  growth  of 
western  yellow  pine  planted  on  the  sagebrush  sites.     (Table  7.) 

The  results  of  planting  on  sites  occupied  by  the  various  shrubs 
common  to  the  brush  lands  show  very  conclusively  that  the  soil 
layers  occupied  by  the  absorbing  roots  become  extremely  dry- 
much  drier  than  soil  containing  no  roots  at  the  same  depth.  That  is, 
the  presence  of  shallow-rooted  species  feeding  near  the  surface  indi- 
cates that  the  trees  must  be  placed  in  direct  competition  with  the  na- 
tive vegetation  and  that  the  site  is  therefore  unsuitable  for  plant- 
ing. The  best  results  can  be  obtained  with  plantations  on  sites  where 
absorbing  roots  of  the  native  vegetation  are  found  at  depths  below 
2  feet  and  where  the  trees  can  safely  be  placed  close  to  the  north  side 
of  the  bushes  where  the  shade  will  serve  to  reduce  evaporation  and 
transpiration.  Such  sites  are  likely  to  be  naturally  severe,  as  deep- 
feeding  shrubs  tend  to  occupy  dry  sites.  Therefore,  in  most  cases 
such  sites  should  be  selected  for  forest  plantations  only  when  they 
are  otherwise  naturally  suitable. 

If  the  native  vegetation  can  be  removed  before  planting,  sites 
which  originally  supported  a  vegetation  composed  of  shallow-rooted 
species  will  prove  the  most  satisfactory,  since  the  presence  of  such 
plants  indicates  that  relatively  large  amounts  of  soil  moisture  exist 
in  the  upper  soil  layers  during  the  growing  season.  This,  of  course, 
applies  to  long-lived  annuals  or  perennials  and  not  to  the  ephemeral 
shallow-rooted  vegetation  that  springs  up  after  rains  on  the  deserts. 

LEAF  CHARACTERS  AS  AN  INDICATION  OF  SOIL  MOISTURE 

It  has  already  been  shown  that  a  careful  observation  of  the  prevail- 
ing vegetation  as  to  root  development  will  facilitate  the  selection  of 
favorable  planting  sites.  Areas  made  unsuitable  by  shallow-rooted 
vegetation  may  thus  be  avoided.  At  the  same  time  deep-rooted  vege- 
tation itself  clearly  does  not  guarantee  a  favorable  degree  of  soil 
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moisture.  The  site  may  be  naturally  dry  or  well  watered.  The 
moist  site  is  of  course  the  better.  In  general,  the  vegetation  occupy- 
ing the  moist  site  has  leaf  characteristics  indicating  that  the  plants 
use  water  liberally  and  that  the  water  is  plentifully  supplied  by  the 
roots.  A  study  of  leaf  characters,  including  size,  structure,  moisture 
content,  relative  transpiration,  and  sap  density,  was  made,  with  the 
purpose  of  extending  the  usefulness  of  native  plants  as  indicators  by 
showing  which  deep-rooted  species,  as  heavy  users  of  water,  may 
indicate  areas  where  there  is  plenty  of  available  water  for  western 
yellow  pine.     The  particulars  are  summarized  in  Table  14. 

Table  14. — Average  size,  tcater  content,  relative  transpiration  indices,  and  sap 
density  of  reprcsentatiV'e  leaves  of  species  common  in  the  oak-hrush  belt  on 
the  Ephraim  Canyon  watershed,  1918  , 


Mean 

area  of 

leaf 

Water 
content 
of  leaf 
on  basis 
of  dry 
weight 

Time  of  transpiration  test 

Trans- 
pira- 
tion 

index  i 

Maxi- 

Species  and  aspect 

Day 

Hour 

osmotic 
pressure 
of  sap  2 

Rocky  Mountain  white  oak: 

Northern                                           

Sq.  mm. 
4,293 
2,740 
1,267 

566 
308 
97 

1,995 

Per  cent 
133.4 
124.6 
109.8 

159.1 
158.5 
95.2 

210.0 
201.8 

150.8 

Sept.    9 
Sept.  12 
Sept.    9 

...do.._. 
Sept.    7 
Sept.    9 

...do.... 

Sept.    7 

Sept.    9 
Sept.    7 

Sept.    9 
Sept.    7 
Sept.    9 

...do.... 

...do.-.- 
Sept.    7 
Sept.    9 

-..do.-_. 

Sept.    7 
Sept.   9 

Sept.  12 
Sept.    9 

...do.-.. 

...do.._. 

— do.._. 

Sept.    7 
Sept.    9 

...do.... 

10.00  a.  m 

10.00  a.  m 

3.00  p.  m 

11.5Da.  m 

10.30  a.  m 

4.40  p.  m 

11.40  a.  m 

3.30  p.  m 

10.30  am 

3.30  p.  m 

1.00  p.  m 

3.00  p.  m 

3.30  p.  m 

11.00  a.  m 

11.30  a.  m 

0.844 
.470 
.366 

.794 
.550 
.103 

.378 
.332 

.363 
.312 

.558 
.320 
.110 

.280 

.319 

Atmos- 
pheres 
20.1 

Southern                                    - 

20.7 

Mountain  snowberry: 

24.3 

Western                                        - 

27.3 

Black  chokecherry: 

18.0 

Fendler  rose: 

339 

17.2 

Common  serviceberry: 

685 
544 
294 

2,966 

868 
694 
374 

345 

62 
20 

15a  3 
122.4 
96.9 

137. 1 

129.1 
128.1 
114.4 

99.1 

130.6 
60.0 

19.0 

Western                                     - 

22.7 

Bigtooth  maple: 

16.6 

Hollygrape: 

Northern                                

16.7 

Western       

2.00  p.  m .310 

Southern                      -      

1.50  p.  m... 

1.20  p.  m 

10.30  a.  m 

5.30  p.  m 

2.50  p.  m.. 

3.50  p.  m 

4.20  p.  m 

2.10  p.  m 

1.30  p.  m 

10.30  a.  m 

2.40  p.m.. 

5.00  p.  m 

.100 

.233 

.306 
.097 

.277 
.100 

.183 

.140 

.104 

.054 
.038 

.042 

20.8 

Birchleaf  mountain-mahogany: 

■     15.8 

Bitter  brush: 

Southern            . 

16.7 

Myrtle  boxleaf: 

Southern                      .        

45 

163 

118 

934 

89 
26 

17 

333 

3  100 

360 
.61 

110.0 

114.6 

69.7 

96.6 

174.2 
79.8 

50.8 

119.1 

139.8 
129.8 

114.6 

13.6 

Fendler  soapbloom: 

Southern       .  

17.8 

Squaw-apple: 

25.0 

Manzanita: 

18.0 

Common  sagebrush: 
Western 

16.6 

Southern    .  

20.2 

Winter  fat: 

Southern 

20.7 

Douglas  fir: 
Northern 

19.8 

White  fir: 
Northern 

1 

18.6 

Western 

1 

Pinon: 

Southern 

■ 1 

20.4 

1 

1  Based  on  an  average  of  16  tests  for  each  species  on  each  site.    The  determination  and  use  of  this  index 
are  explained  on  page  74. 

2  From  Korstian  (28). 

3  The  areas  of  conifer  leaves  were  determined  by  the  formula:  A=L(irR-\-2R),  in  which  i=length 
and  ii=half  the  average  diameter  of  leaf. 
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SIZE 


It  is  a  common  observation  that,  among  the  various  adjustments 
of  the  plant  to  its  environment,  a  reduction  in  leaf  size  often  takes 
place  on  those  sites  adverse  to  plant  growth. 

The  average  size  of  leaf  of  a  number  of  species  native  to  the  three 
most  important  aspects  in  the  Ephraim  Canyon  oak  brush  were  de- 
termined.^^ The  largest  leaves  are  found  on  the  northern  aspect, 
the  smallest  on  the  southern,  and  the  intermediate  ones  on  the 
western  aspect,  on  which  environmental  conditions  are  neither  so 
favorable  to  plant  growth  as  on  the  northern  aspect  nor  so  unfavor- 
able as  on  the  southern  aspect. 

The  climatic  factors  of  the  environment  can  therefore  be  inter- 
preted in  terms  of  leaf  size,  at  least  to  the  extent  that  leaf  size 
varies  inversely  with  the  severity  of  the  site.  The  study  of  leaf  struc- 
ture considered  in  the  following  section  emphasizes  another  phase  of 
leaf  reaction  to  environmental  factors. 


STRUCTURE 


The  structure,  as  well  as  the  external  form,  of  most  plants  varies 
with  the  site  and  even  with  the  fluctuating  environmental  factors  of 
the  same  site.  Some  of  the  most  pronounced  structural  modifica- 
tions are  those  of  the  leaf.  As  the  principal  seat  of  water  loss  or 
transpiration,  it  shows  significant  differences  in  the  position  and  de- 
velopment of  the  palisade  and  sponge  tissues,  which  are  directly 
traceable  to  the  light  and  water  relations  of  the  plant. 

Clements  (i^),  in  studying  about  300  species,  found  a  very  pro- 
nounced correlation  between  leaf  structure  and  such  physical  fac- 
tors as  the  moisture  content  of  the  soil,  light,  humidity,  and  tempera- 
ture in  the  Colorado  foothills  and  in  the  vicinity  of  Pikes  Peak  in 
the  Eocky  Mountains.  Hanson  {21)  correlated  the  structure  of 
leaves  from  the  outside  (south  periphery)  and  center  of  the  same 
tree  with  light  intensity,  evaporation,  air  temperature,  humidity, 
wind  velocity,  and  the  transpiration  of  excised  twigs  in  the  same 
positions.  He  found  that  the  differences  in  thickness  between  leaves 
on  the  south  side  and  the  center  of  the  same  tree  are  usually  greater 
than  the  average  differences  heretofore  reported  for  the  leaves  of 
moist  and  dry  site  forms  of  the  same  species.  The  leaves  from  the 
south  side  were  found  to  have  more  palisade  tissue,  a  more  compact 
structure,  and  thicker  epidermis  and  cuticle  than  the  leaves  from 
within  the  crown.  The  water  content  of  the  leaves  from  the  center 
of  the  tree  was  always  higher  than  that  of  the  leaves  from  the 
periphery. 

Sampson  and  Allen  (^)  have  shown  that  leaves  grown  in  the  full 
sunlight  transpired  from  two  to  four  times  as  much  as  the  leaves  of 
the  same  species  grown  in  the  shade,  whether  placed  in  the  sun  or 
shade.  They  explained  this  largely  on  the  basis  of  the  greater  num- 
ber (20  to  60  per  cent)  of  stomata  in  the  leaf  grown  in  full  sunlight. 

In  the  present  investigation  a  limited  study  was  made  of  leaf  struc- 
ture on  the  opposite  northern  and  southern  aspects  in  the  brush  belt 
at  an  elevation  of  7,500  feet  on  the  Ephraim  Canyon  and  Big  Cotton- 

"The  reader  may  be  interested  to  review  Raunkiaer's  {19)  system  of  leaf-area  classes 
in  this  connection. 
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wood  Canyon  watersheds.  As  far  as  possible  mature  leaves  were 
collected  from  t^^pical  species  at  or  near  the  period  of  maximum 
development.     The  leaves  were  at  once  plunged  into  a  killing  solu- 


^M^{7«^VJ^^ 


Figure  41. — Cross  sections  of  oak  brush,  serviceberry,  hollygrape,  and  snowbrush 
leaves  grown  on  southern  and  northern  aspects  :  A,  Oak  brush,  southern  aspect ; 
B,  oak  brush,  northern  aspect ;  C,  serviceberry,  southern  aspect ;  D,  serviceberry, 
northern  aspect ;  E,  hollygrape,  southern  aspect ;  F,  hollygrape,  northern  aspect ; 
G,  snowbrush  on  Big  Cottonwood  watershed,  southern  aspect ;  and  H,  snowbrush. 
on  Big  Cottonwood  watershed,  northern  aspect 

tion  and  kept  there  until  they  were  sectioned.  Permanent  micro- 
scopic mounts  were  made  by  the  paraffin  process.  Camera  lucida 
drawings  were  made  of  the  most  typical  parts  of  these  sections  to 
facilitate  subsequent  detailed  study.     (Figs.  41  and  42.) 
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The  results  of  this  study  of  leaf  structure  show  that  the  leaves  of 
the  species  common  on  the  southern  aspects  are  not  only  smaller  and 
more  compact  but  also  that  they  have  a  more  highly  cutinized  and 
thicker  epidermal  wall,  more  palisade  tissue,  less  sponge  tissue,  and 
more  closely  crowded  stomata  than  those  on  the  northern  aspects. 


Figure  42. — Cross  sections  of  leaves  of  southern-aspect  shrubs  :  A,  Common  moun- 
tain-mahogany ;  B,  curl-leaf  mountain-maliogany ;  C,  mountain  snowberry ;  D, 
myrtle  boxleaf ;  E,  big  sagebrush ;  and  F,  Fendler  soapbloom 

Most  of  these  adaptations  tend  to  reduce  transpiration  and  enable  the 
plant  to  exist  on  smaller  water  supplies. 

The  western  yellow  pine  leaf  (fig.  43)  also  has  a  structure  similar 
in  many  respects  to  that  of  the  brush-land  shrubs  but  possibly  of  a 
somewhat  less  xerophytic  type.  On  the  other  hand  it  has  a  more 
highly  cutinized  and  thicker  epidermis  and  much  more  pronounced 
and  thicker  palisade  tissue  than  are  usually  found  in  the  firs  and 
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spruces.  /Most  of  these  characteristics  of  western  yellow  pine  leaf 
structure  tend  to  reduce  water  loss.  Although  it  has  already  been 
shown  that  this  species  may  reduce  transpiration  in  times  of  water 
stress  and  that  it  competes  successfully  with  the  native  vegetation  in 
the  western  yellow  pine  type,  it  is  naturally  handicapped  in  compet- 
ing with  xerophytes  at  the  lower  limit  or  entirely  below  its  limit  of 


A 


B 

Figure  43. — Cross  sections  of  (A)  western  yellow  pine  (Pinua  scopulorum 
form)  and  (B)  white  fir  leaves  from  scattered  trees  occurring  on  similar  sites 
in  the  brusn-land  belt 

moisture   conditions.     These  considerations  suggest  studies   of  the 
water  relations  of  the  leaves,  especially  of  the  brush-land  species. 

MOISTURE  CONTENT 

The  variation  in  the  water  content  of  the  leaves  should  throw 
some  light  on  the  relative  ability  of  plants  to  absorb  water  from  the 
soil  and  to  transport  it  to  the  leaf.  To  determine  this  variation,  the 
relative  moisture  contents  of  the  leaves  of  the  various  species  in  the 
Ephraim  Canyon  oak-brush  zone  were  obtained.  These  are  sum- 
marized in  Table  14.  All  the  leaf  samples  were  collected  under 
similar  conditions  and  as  nearly  as  possible  at  the  same  time,  since, 
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as  shown  by  Livingston  and  Brown  (^4)  and  by  Clark  (i-5),  a  gen- 
eral increase  in  water  content  occurs  by  night  and  a  general 
decrease  by  day,  and  on  dry  sites  the  water  content  is  greater 
during  cloudy  than  clear  weather.  Water  content,  like  leaf  size, 
indicates  that  slopes  having  a  southern  aspect  constitute  the  most 
adverse  sites.  The  highest  moisture  content  is  found  in  leaves  on 
north  slopes.  The  water  content  of  leaves  on  western  aspects  occu- 
pies an  intermediate  position. 

It  is  evident  from  Table  14  not  only  that  a  definite  relation  exists 
between  site  and  moisture  content  of  the  leaf  but  also  that  the  rela- 
tive rate  of  water  intake  and  water  loss  in  different  plants  on  the 
same  site  and  in  the  same  plants  on  different  sites  is  involved. 

RELATIVE  TRANSPIRATION 

The  relative  transpiration  of  the  leaves  of  plants — their  relative 
capacity  for  giving  off  moisture  to  the  surrounding  air — is  often  an 
important  factor  in  studies  of  the  water  relations  of  plants  on  semi- 
arid  sites.  Transpiration,  furthermore,  portrays  a  summation  of  the 
conditions  within  the  leaf  which  affect  water  loss. 

Following  Livingston's  {S2)  suggestion  that  the  capacity  of  a 
plant  to  lose  water  is  an  index  of  its  ability  to  resist  water  loss,  the 
mean  indices  of  the  relative  transpiration  of  representative  leaves 
were  determined  for  the  shrubs  common  in  the  oak-brush  belt  of 
central  Utah.  Average  indices  based  on  16  tests  ^^  for  each  species 
on  southern,  western,  and  northern  aspects  at  an  elevation  of  7,500 
feet  in  Ephraim  Canyon  are  given  in  Table  14. 

Following  the  suggestion  of  Bakke  (4)  that  all  plants  with  indices 
below  0.30  be  considered  xerophytes  (drought-resistant  plants)  and 
all  with  indices  above  0.70  mesophytes  (moisture-loving  plants),  it 
wdll  be  seen  that  most  of  the  species  in  Table  14,  especially  winter  fat, 
big  sagebrush,  pointleaf  manzanita,  squaw-apple,  Fendler  soapbloom, 
and  common  mountain-mahogany  are  typical  drought-resistant 
plants.  Some  of  the  species,  especially  those  near  the  top  of  the 
table,  lie  in  the  intermediate  group.  From  these  tests,  therefore,  it 
may  be  concluded  that  the  relative  transpiration  of  leaves  provides  a 
criterion  by  which  the  relative  drought  resistance  of  plants  may  be 
compared.  Furthermore,  by  the  same  criterion,  many  of  the  shrubby 
species  of  the  brush  lands  are  typically  adapted  to  withstand  drought 
conditions  of  probably  greater  intensity  than  those  which  western 
yellow  pine  can  withstand. 

SAP  DENSITY 

Another  means  of  interpreting  the  water  relations  of  the  site 
through  the  characteristics  of  the  native  vegetation  is  by  the  density 
of  cell  sap  in  the  leaves.  When  two  solutions  are  separated  by  a 
semipermeable  membrane — such  as  a  cell  wall — a  constant  flow  of 

12  In  these  tests,  made  September  7  to  12,  1918,  essentially  the  s<ame  method  was  used 
as  that  described  by  Livingston.  Small  slips  of  thin  filter  paper,  impregnated  with 
cobalt  chloride,  were  dried  for  a  few  seconds  over  .'i  thin  Dietal  plate,  heated  by  an  alco- 
hol lamp,  and  immediately  applied  by  means  of  glass  clips  to  the  surface  of  the  leaf  to 
be  tested.  The  time  required  for  the  change  in  color  (from  blue  to  pink)  was  determined 
with  a  stop  watch.  The  quotient  of  the  time  required  for  the  color  change  over  the 
standard  evaporating  surface  at  the  same  air  temperature,  divided  by  the  time  required 
for  the  color  change  on  the  leaf,  is  the  index  of  relative  transpiration  of  the  leaf  sur- 
face. This  index  expi-esses  the  relative  capacity  of  the  leaf  surface  to  give  off  water 
vapor  as  compared  with  a  standard  evaporating  surface  blanketed  by  a  millimeter  of  air. 
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water  passes  from  the  weaker  to  the  denser  solution  until  they  attain 
an  equilibrium.  While  there  are  other  contributing  forces,  this  force 
or  osmotic  pressure,  in  conjunction  with  the  tensile  strength  of  water, 
is  considered  by  the  writers  to  be  the  chief  means  by  which  the  supply 
of  water  and  solutes  constantly  being  absorbed  from  the  soil  by  the 
root  hairs  of  all  green  land  plants  is  passed  upward  through  the 
plant  to  the  leaves  to  be  given  off  into  the  air  as  water  vapor.  An 
indispensable  stream  is  thus  maintained  chiefly  through  the  osmotic 
properties  of  the  cell  sap  of  the  leaves,  which  may  be  regarded  as 
developing  the  suction  force  necessary  to  absorb  the  moisture  from 
the  soil  and  to  lift  it  up  through  the  roots  and  stems  to  the  leaf  cells. 
The  leaf,  by  maintaining  a  cell  sap  which  is  more  concentrated  than 
the  soil  solution,  insures  a  constant  stream  of  water  and  solutes  pass- 
ing up  to  it.  This  stream  never  succeeds  in  greatly  diluting  the  cell 
sap  in  the  leaves  because  the  moisture  brought  up  from  the  soil  con- 
stantly diffuses  into  the  air.  The  large  number  of  plant  cells  in- 
volved and  the  substances  in  solution  complicate  the  absorption  of 
water  and  its  passage  through  the  plant,  but  although  millions  of 
cells  may  intervene  a  direct  osmotic  gradient  exists  between  the  top- 
most leaf  of  the  tallest  tree  and  the  soil  solution  at  its  root  tips. 

The  measure  of  osmotic  pressure  is  thus  somewhat  of  a  measure  of 
the  plant's  ability  to  overcome  those  most  significant  of  environ- 
mental factors — the  forces  with  which  the  soil  withholds  and  the  air 
withdraws  water  from  the  plant.  When  moisture  is  plentiful  in  the 
soil,  as  in  the  spring  or  after  heavy  rains,  the  force  required  to  pull  it 
up  to  the  leaves  is  not  great,  and  accordingly  a  relatively  dilute  cell 
sap  is  sufficient  to  maintain  the  stream.  With  the  advent  of  summer 
and  the  drying  out  of  the  soil,  the  leaves  must  exert  a  progressively 
greater  pull  to  obtain  the  requisite  amount  of  moisture  from  the 
soil ;  the  cell  sap  becomes  more  concentrated  and  therefore  the  osmotic 
pressure  increases. 

The  concentration  of  the  cell  sap  in  the  leaves  does  not  depend 
entirely  upon  soil  moisture,  however,  for  under  the  same  soil  con- 
ditions concentration  is  higher  in  woody  plants  than  in  herbs  and 
higher  in  trees  than  in  shrubs.  Apparently  greater  force  is  required 
to  draw  the  moisture  up  through  long  woody  stems  than  through 
short  succulent  tissues.  The  concentration  also  varies  with  the  time 
of  day  and  with  the  weather ;  a  hot,  dry  day  may  bring  about  such 
rapid  transpiration  that  a  notable  increase  m  sap  concentration  oc- 
curs before  the  moisture  lost  from  the  leaves  can  be  replaced.  In 
spite  of  all  these  minor  variations,  sap  density  is  a  convenient  meas- 
ure of  the  difficulty  encountered  by  the  plant  in  obtaining  moisture 
from  the  soil.  In  the  critical  period  of  midsummer  this  factor  be- 
comes an  excellent  measure  of  the  severity  of  the  site,  especially  in 
terms  of  the  soil  moisture  at  the  level  of  the  absorbing  roots.  The 
leaf-sap  concentration  can  not  increase  indefinitely  in  response  to 
drying  of  the  soil,  for  every  plant  has  a  limit  beyond  which  the  sap 
concentration  can  not  go.  If  this  point  is  passed  the  plant  wilts  and 
dies  from  plasmolysis.  Therefore  the  maximum  osmotic  pressures 
observed  in  the  hot,  dry  part  of  the  summer  enable  the  grouping  of 
plants  in  the  order  of  their  ability  to  withstand  dryness. 

Sap  density  in  relation  to  environmental  conditions  in  this  region 
has  been  made  the  subject  of  a  special  study  by  Korstian  (^5),  and 


76         TECHNICAL  BULLETIN"   2  5  6,  U.   S.  DEPT.   OF  AGKICULTURE 

only  the  material  pertinent  to  the  present  study  will  be  repeated 
here.  Table  14  gives  osmotic  pressures  for  a  number  of  species  dur- 
ing the  latter  part  of  July.  Planted  western  yellow  pine  on  the 
same  sites  showed  an  osmotic  pressure  varying  from  19.8  atmospheres 
in  the  ponderosa  form  to  23  atmospheres  in  the  scopulorum  form  at 
the  same  time.  On  the  basis  of  these  figures,  western  yellow  pine 
appears  physiologically  able  to  extract  water  from  soils  almost  as 
dry  as  most  of  those  typical  of  the  brush  lands.  However,  this 
species  planted  on  south-facing  slopes  in  the  brush  belt  often  has 
lower  sap  concentrations  than  many  of  the  more  common  shrubs 
native  to  these  sites.  This  suggests  that  the  range  in  sap  concen- 
tration of  western  yellow  pine  is  after  all  lower  than  that  of  the 
brush-land  species.  Moreover,  planted  western  yellow  pine  has  a 
deficient  root  system  the  first  year,  due  to  transplanting ;  and  though 
the  sap  concentration  may  rise  very  high,  the  plant  is  not  always 
able  to  absorb  water  fast  enough  through  the  few  living  rootlets. 
Accordingly,  it  may  wilt  and  die  in  a  fairly  moist  soil.  With  a  less 
extensive  root  system  than  a  neighboring  shrub,  pine  may  yet  exhaust 
the  available  soil  moisture  immediately  around  its  rootlets  much 
faster  than  does  the  shrub. 

Sap  density  alone,  therefore,  may  not  invariably  indicate  the  be- 
havior of  a  species  planted  on  a  given  site  under  conditions  of  ex- 
treme dryness,  but  taken  in  connection  with  other  factors  it  aids 
greatly  in  the  interpretation  of  site  quality  in  terms  of  the  native 
vegetation.  The  study  of  sap  density  shows  that  it  is  unwise  to 
plant  a  species  on  any  site  the  native  vegetation  of  which  possesses 
uniformly  higher  sap  densities  than  those  generally  maintained  by 
this  species  during  the  dry  season. 

RELATIVE    SIGNIFICANCE    OF   LEAF    CHARACTERS 

It  is  obvious  from  the  preceding  discussion  of  leaf  characters  that 
large,  thin  leaves  having  a  high  water  content  and  high  rate  of 
transpiration  coupled  with  a  low  osmotic  pressure  indicate  favorable 
moisture  conditions,  whereas  the  opposite  factors  denote  unfavor- 
able moisture  conditions.  The  vegetation  rarely  shows  a  uniform 
correlation  of  all  these  characters  with  site.  For  example,  snow- 
berry  on  north  slopes  has  relatively  large  leaves,  a  high  moisture  con- 
tent, and  a  high  rate  of  transpiration.  The  osmotic  pressure,  how- 
ever, is  notably  high.  On  the  other  hand,  manzanita  has  the  contra- 
dictory factors  of  large  leaves,  low  osmotic  pressure,  low  mois- 
ture content,  and  a  low  transpiration  rate.  There  is  no  satis- 
factory way  of  summarizing  all  these  factors  so  that  their  resultant 
effect  is  evident,  for  their  relative  importance  is  still  largely  un- 
known. If,  however,  the  values  given  in  the  various  columns  of 
Table  14  are  divided  into  three  equal  groups — high,  medium,  and 
low — and  arbitrary  numerical  values,  1,  2,  and  3,  are  assigned  to 
them,  a  rough  summation  of  the  four  factors — leaf  area,  water  con- 
tent, transpiration  rate,  and  sap  density — shown  in  Table  14  can 
be  obtained. 

On  this  basis  the  species  fall  in  the  following  order,  progressing 
from  those  indicating  the  best  moisture  conditions  to  those  indicat- 
ing the  poorest.    Species  under  the  same  number  have  equal  stand- 
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ing,  and  the  letters  N,  S,  and  W  indicate  north,  south,  and  west 
aspect. 

(1)  Black  chokecherry  (N) ;  mountain  snowberry  (N). 

(2)  Rocky  Mountain  white  oak  (N) ;  Fendler  rose  (N)  ;  creep- 
ing holly  grape    (N). 

(3)  Rocky  Mountain  white  oak  (S) ;  common  serviceberry  (N) ; 
bigtooth  maple  (N) ;  big  sagebrush  (W). 

(4)  Creeping  hollygrape  (S) ;  common  mountain-mahogany  (S) ; 
myrtle  boxleaf  (S)  ;  Fendler  soapbloom  (S) ;  pointleaf  manzanita 
(S). 

(5)  Common  serviceberry  (S). 

(6)  Bitterbrush  (S)  ;  big  sagebrush  (S). 

(7)  Mountain  snowberry  (S)  ;  squaw-apple  (S) ;  winter  fat  (S). 
The  relationships  indicated  by  this  grouping  agree  closely  with  the 

results  of  the  plantations  on  sites  occupied  by  these  shrubs.  The  best 
soil  conditions  are  found  on  sites  occupied  by  species  standing  high 
in  the  list,  although  the  failure  of  plantations  due  to  insufficient  light 
is  assured  under  oak-brush,  chokecherry,  or  maple  cover.  Shallow- 
rooted  species  appearing  low  in  the  list  (snowberry  and  sagebrush) 
indicate  especially  poor  sites,  for  they  offer  keen  root  competition  at 
critical  times  and  are  also  very  drought  resistant,  so  that  the  planted 
trees  have  very  poor  chances  of  survival.  Open  oak  brush,  the  north 
sides  of  clumps  of  serviceberry  (when  the  clump  is  not  surrounded 
by  snowberry),  and  north  slopes  with  scattered  low  rose  bushes  ap- 
pear to  be  the  most  favorable  planting  sites,  when  all  factors,  includ- 
ing shade,  are  considered. 

The  plants  studied  do  not  comprise  all  the  species  of  the  dominant 
associations  in  the  brush-land  belt.  Their  indicator  value  is  given, 
therefore,  not  with  the  expectation  of  classifying  all  the  sites  in  the 
brush-land  region  but  to  show  the  feasibility  of  determining  the  value 
of  the  sites  for  planting  by  studying  the  characteristics  of  the  native 
vegetation  growing  upon  them. 

SUMMARY  AND  CONCLUSIONS 

Western  yellow  pine,  which  is  otherwise  rather  generally  distrib- 
uted throughout  the  western  United  States,  is  absent  in  a  belt  extend- 
ing from  the  Gulf  of  California  northeastward  into  west-central 
Montana.  In  northern  Utah  and  southeastern  Idaho,  where  this  belt 
is  several  hundred  miles  wide,  the  elevations  at  which  the  pine  is  com- 
monly found  in  other  parts  of  the  West  are  occupied  by  brush-land 
shrubs.  A  comparison  of  this  brush-land  belt  with  the  natural  pine 
zone  reveals  both  similarities  and  differences  in  climatic  and  soil 
conditions.  It  is  among  the  differences  in  these  conditions  that  the 
factors  which  make  the  brush  lands  unsuitable  for  the  germination 
and  early  development  of  the  yellow  pine  seedlings  are  to  be  found. 

A  comparison  of  conditions  in  the  western  yellow  pine  zones  to  the 
north  and  south  with  those  of  the  intervening  brush  lands  brings  out 
the  following  facts. 

Although  no  significant  differences  in  temperature  exist  and  there 
are  no  notable  differences  in  total  annual  precipitation,  the  distribu- 
tion of  rainfall  during  the  summer  months  in  the  brush  lands  is 
notably  different  from  that  either  to  the  north  or  the  south.    In  the 
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north,  May  precipitation  within  the  temperature  zone  suited  to 
western  yellow  pine  is  ample  for  the  reproduction  of  this  species. 
In  the  pinelands  to  the  south,  the  July  and  August  precipitation, 
which  greatly  exceeds  that  in  the  brush  I'ands,  is  ample  for  the  re- 
production of  western  yellow  pine.  In  the  intervening  brush  lands 
the  light  character  and  brief  duration  of  May  rain,  coupled  with 
the  extremely  dry  June  that  quickly  follows,  prevents  the  establish- 
ment of  the  reproduction  in  the  early  spring.  Deficiencies  in  July 
and  August  precipitation,  combined  with  the  fact  that  the  rainfall 
usually  culminated  in  August  shortly  before  the  early  autumn  frosts 
occur,  make  it  impossible  for  the  species  to  reproduce. 

The  importance  of  evaporation  can  not  be  readily  ascertained, 
owing  to  insufficient  data,  although  its  indirect  effect  upon  soil  mois- 
ture and  transpiration  is  doubtless  important. 

The  generally  calcareous,  heavy,  fine-grained  soils  of  the  brush 
lands  are  prevailingly  unsuited  for  western  yellow  pine.  While  the 
distribution  of  rainfall'  primarily  determines  the  pineless  belt,  the 
details  of  its  boundaries  are  chiefly  the  results  of  local  soil  differences, 
the  pine  spreading  far  from  the  main  bodies  on  sandy  soils  and  along 
streams.  Certain  areas  characterized  by  heavy,  fine-grained  soils 
and  a  flat  topography,  as  the  upper  Snake  Kiver  plains,  are  without 
western  yellow  pine,  although  rainfall  and  other  climatic  factors  are 
favorable. 

Variations  in  the  combination  of  factors  which  influence  soil  mois- 
ture directly  or  indirectly,  as  temperature,  soil  texture,  physiography, 
and  the  presence  of  competing  vegetation,  also  explain  many  of  the 
causes  underlying  the  failure  of  the  species  to  develop  in  the  brush 
lands. 

The  effectiveness  of  these  climatic  factors  in  preventing  the  estab- 
lishment of  western  yellow  pine  in  the  permanent  brush  lands  is 
confirmed  by  the  failure  of  many  plants  most  commonly  associated 
with  this  species  to  become  established  there. 

The  western  yellow  pine  type  is  the  only  extensive  western  forest 
type  which  exhibits  this  characteristic  of  a  range  broken  by  a  large 
and  practically  blank  area  near  its  center.  Neither  the  Douglas  fir 
nor  the  piiion- juniper  type  shows  any  such  separation.  This  might 
be  construed  as  evidence  against  the  theory  that  a  real  barrier  exists 
which  divides  the  western  yellow  pine  type.  In  the  Douglas  fir  and 
piiion-juniper  types,  the  continuity  of  range  is  easily  explained  on 
physical  grounds.  In  the  Douglas  fir  zone  the  total  annual  precipi- 
tation is  greater,  snow  melting  is  later  (at  a  warmer  season),  and  the 
dry  period  in  June  is  thereby  shortened,  making  conditions  notably 
less  unfavorable.  Douglas  fir  can  apparently  grow  on  as  dry  sites 
as  western  yellow  pine  if  they  do  not  become  too  hot.  Hence  a  con- 
tinuous range  is  possible  in  this  and  the  higher  zones. 

The  pinon- juniper  type,  characteristically  below  the  western  yel- 
low pine  type,  extends  through  most  of  the  region  of  the  pineless 
belt  nearly  to  the  Utah-Idaho  State  line,  which  is  its  northern  limit. 
Reproduction  here  is  not  so  much  affected  by  May  climatic  condi- 
tions as  by  those  in  April  and  even  earlier,  which  give  a  longer 
early  spring  wet  period  than  in  the  oak-brush  zone  lying  above  this 
type.  Furthermore,  the  pinon  and  juniper  are  undoubtedly  better 
adapted  for  germination  and  development  on  dry  sites. 
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It  is  clear  that  western  yellow  pine  can  not  naturally^  invade  the 
permanent  brush  lands  and  that  there  is  little  possibility  of  arti- 
ficial stands  reproducing  themselves  naturally  even  at  maturity. 
Furthermore,  the  establishment  of  artificial  stands  by  planting, 
though  by  no  means  impossible,  is  rendered  difficult  by  the  same 
rainfall  factors  that  operate  so  powerfully  against  the  natural  repro- 
duction of  this  species.  Success  in  planting  generally  occurs  only 
on  sites  with  moisture  conditions  above  the  average,  and  conspicuous 
success  has  been  attained  only  in  seasons  of  exceptionally  heavy 
spring  rainfall.  Suitable  sites  are  not  easily  selected  in  average 
years,  for  they  generally  bear  such  luxuriant  brush  cover  that  failure 
due  to  shade  is  almost  certain. 

It  is  generally  advisable,  therefore,  either  to  remove  the  cover 
before  planting  or  to  select  essentially  poorer  sites  with  less  complete 
cover.  Sites  with  shallow-rooted  vegetation,  such  as  sagebrush, 
should  be  avoided,  as  the  root  competition  involved  generally  results 
in  failure.  Successful  planting  has  been  done  on  areas  from  which 
a  shallow-rooted  vegetation  has  been  removed,  as  well  as  in  stands  of 
deep-rooted  shrubs  with  light  foliage,  where  the  soil  is  naturally 
moist  and  sheltered  (north  and  east  exposures).  Where  the  site  is 
not  thus  sheltered,  planting  has  been  somewhat  less  successful  even 
when  the  natural  shrubby  vegetation  consists  of  the  deep-rooted 
species.  Least  suitable  of  all  are  excessively  shaded  sites  or  those 
having  a  predominantly  shallow-rooted  vegetation.  Survival  is  pri- 
marily determined  by  soil  moisture,  and  to  a  lesser  extent  by  soil 
texture,  light  soils  being  most  suitable.  Losses  after  the  second  year 
are  usually  the  result  of  too  dense  shade. 

Soil  moisture,  root  competition,  and  degree  of  shade  must  be  con- 
sidered in  selecting  planting  sites.  A  study  of  the  vegetation  on  the 
ground  enables  all  three  factors  to  be  evaluated  with  fair  accuracy. 
The  root  characters  of  the  vegetation  and  the  leaf  characteristics, 
including  size,  moisture  content,  transpiration  rate,  and  sap  density 
at  the  critical  period  in  midsummer,  give  an  insight  into  the  funda- 
mental water  relations  of  the  site,  while  observations  on  crown 
density  reveal  the  intensity  of  shade.  With  the  aid  of  these  criteria 
it  is  possible  to  select  the  most  suitable  sites  in  the  brush  lands. 
A  species  should  not  be  planted  on  any  site  the  native  vegetation 
of  which  possesses  uniformly  higher  sap  densities  than  those  gen- 
erally maintained  by  this  species  during  the  dry  season. 

The  present  study  has  shown  that,  contrary  to  an  earlier  belief, 
the  brush  lands  are  fundamentally  unsuited  to  the  natural  reproduc- 
tion of  western  yellow  pine  and  that  its  absence  is  not  caused  by 
mere  accident  or  the  agency  of  repeated  fires.  Moreover,  there  is  no 
evidence  that  stands  artificially  established  will  maintain  themselves 
or  spread  naturally  as  originally  expected.  The  growth  of  western 
yellow  pine  on  these  sites  is  slow,  and  the  trees  promise  to  be  short, 
limby,  and  of  poor  quality  at  maturity. 

Furthermore,  only  a  portion  of  the  brush  lands  can  be  classed 
as  suitable  planting  sites,  and  the  best  sites,  covered  with  deep- 
rooted,  thin-foliaged  shrubs  on  northern  exposures,  are  rare.  The 
next  best  group  of  sites — cleared  or  burned  sagebrush  areas — ^may 
show  fair  success.    The  remainder  of  the  sites  are  inferior. 

It  is  evident,  therefore,  that  extensive  planting  operations  in  the 
permanent  brush  lands  of  the  intermountain  region  are  not  justified. 
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INTRODUCTION 

Although  chestnut  (Castanea  dentata  (Marsh.)  Borkh.)  has  been  a 
standard  wood  for  pole  timbers,  lumber,  ties,  and  other  products,  the 
problem  of  salvaging  15,000,000,000  board  feet  of  lumber^  that  has 
been  or  will  be  lolled  by  the  blight  {Endothia  parasitica  (Murr.)  A. 
and  A.)  in  the  area  of  the  southern  Appalachian  Mountains  is  one  of 
the  largest  of  American  forest  problems.  Maps  published  by  the 
Division  of  Forest  Pathology  ^  show  that  the  blight  is  already  widely 
distributed  here.  If  it  continues  to  spread  at  its  present  rate — and 
there  is  no  reason  to  beHeve  that  it  will  not — most  of  the  virgin 
chestnut  timber  will  be  killed  within  the  next  10  or  15  years. 

The  uses  for  the  northern  blight-ldlled  chestnut  timber  have  been 
studied  by  Nellis.^  Since  the  World  War  economic  forces  have 
unfortunately  delayed  the  salvaging  of  much  of  the  chestnut,  par- 
ticularly in  the  more  remote  sections  of  the  southern  mountains 
where  the  cost  of  logging  and  manufacturing  has  been  greater  than 
the  market  price.  In  view  of  these  facts,  the  rate  of  deterioration  of 
chestnut  in  the  southern  Appalachians  and  the  problem  of  salvage 
becomes  of  immediate  concern  to  the  forester  and  the  timberland 
owner.  The  primary  purpose  of  this  study  is  to  furnish  information 
on  the  rate  of  deterioration  of  blight-ldlled  timber  found  in  the  South. 

J  The  writers  are  indebted  to  G.  F.  Gravatt,  R.  P.  Marshall,  R.  M.  Nelson,  and  R.  B.  Clapper,  of 
the  Division  of  Forest  Pathology,  who  assisted  in  some  phases  of  this  project. 

2  Estimate  prepared  by  the  Forest  Products  Laboratory,  Madison,  Wis.,  1925. 

3  Gravatt,  G.  F.,  and  Gill,  L.  S.    chestnut  blight.    U.  S.  Dept.  Agr.  Farmers'  Bui.  1641, 18  p.,  illus. 
1930. 

*  NELLIS,  J.  C.     USES  FOR  CHESTNUT  TIMBEE  KILLED  BY  THE  BARK  DISEASE.      U.  S.  Dept.  Agr.    Farmer?' 
Bul.  582,  24  p.,  mus.     1914. 
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FIELD    WORK 

The  study  of  deterioration  of  the  chestnut  in  the  southern  Appa- 
lachians embraced  (1)  a  periodical  examination  for  four  years  on  5 
permanent  plots  laid  out  in  cooperation  with  the  Forest  Service  on 
the  Natural  Bridge  National  Forest,  Va.,  2  near  Natural  Bridge 
Station,  and  3  on  the  Peaks  of  Otter,  near  Mons,  Va.  (pi.  1);  (2)  an 
examination  of  the  trees  on  temporary  plots  located  at  Bluemont, 
Gordons ville,  Monticello,  Natural  Bridge,  and  Orange,  Va.,  and  1 
plot  at  Mount  Sanford,  near  New  Haven,  Conn.,  for  comparison; 
(3)  an  examination  of  1,496  felled  chestnut  trees  for  the  study  of 
heartwood  decay  at  Gatlinburg,  Tenn.;  (4)  the  examination  of  trees 
for  heart  rot  and  checking  at  Floyd  and  Alto,  Va.,  and  Glen  ville, 
N.  C. ;  (5)  the  examination  of  slash  on  the  Natural  Bridge  National 
Forest  at  Alto,  Va.;  and  (6)  the  examination  of  17  plots  containing  a 
total  of  1,165  girdled  or  fire-killed  trees  on  areas  at  Cow  Knob,  Va.,  on 
the  Shenandoah  National  Forest,  at  Alto,  Va.,  on  the  Natural  Bridge 
National  Forest,  and  at  Glen  ville,  N.  C,  near  the  Pisgah  National 
Forest.    These  latter  are  referred  to  hereafter  as  "girdled"  plots. 

The  permanent  plots  (1)  permitted  observations  on  a  number  of 
trees  that  had  been  dead  for  known  periods,  i.  e.,  on  all  those  that 
had  died  between  1925  and  1928.  In  making  the  annual  records  the 
bark  was  left  undisturbed  until  the  fourth  year,  when  it  was  removed 
from  all  dead  trees  so  far  as  necessary  to  determine  the  degree  of  loose- 
ness and  the  area  of  sap  wood  decay.  This  applied  also  to  those  trees 
which  had  been  dead  a  year  or  more  when  the  first  observations  were 
made  in  1925,  and  for  which  estimates  as  to  the  number  of  years 
they  had  been  dead  were  made  at  that  time.  Since  it  was  not  possi- 
ble to  fell  the  trees  on  the  permanent  or  temporary  plots,  the  per- 
centages of  sapwood  decay  and  bark  loosening  were  estimated  for 
each  tree.  Diameter  and  depth  of  decay  at  breastheight  (4}^  feet) 
were  measured. 

The  temporary  plots  (2)  were  selected  because  their  previous  his- 
tory was  fairly  well  known  through  their  use  in  earlier  chestnut-blight 
investigations.  The  method  used  in  taking  notes  on  these  areas  was 
identical  with  that  employed  on  the  permanent  plots,  but  since  only 
a  few  living  trees  remained  at  the  time  of  observation  (1925),  it  was 
necessary  to  estimate  the  number  of  years  each  tree  had  been  dead. 
The  notes  taken  in  the  earlier  investigations,  and  to  a  lesser  degree 
the  age  of  the  oldest  sprout,  supplied  a  basis  for  making  these  esti- 
mates. Such  a  procedure  undoubtedly  permitted  some  error  as  far 
as  individual  trees  were  concerned,  but  gave  a  fairly  accurate  picture 
for  each  plot  as  a  whole. 

The  distribution  of  trees  on  both  permanent  and  temporary  plots 
in  classes  based  on  the  number  of  years  dead  is  shown  in  Table  1. 
From  this  table  it  can  be  seen  that  data  on  trees  dead  over  five  years 
are  meager  on  the  southern  plots.  It  therefore  seemed  necessary  to 
study  an  area  which  would  give  added  information  on  conditions  pre- 
vailing after  trees  have  been  dead  five  years.  For  this  reason,  one 
area  on  Mount  Sanford,  near  New  Haven,  Conn.,  is  included  with 
the  temporary  plots.  The  history  of  this  area  was  known,  and  it 
was  selected  as  a  better  basis  for  studying  trees  that  had  been  dead 
for  a  longer  period  than  could  be  obtained  for  study  in  the  South.  The 
data  from  this  northern  region  had  little  or  no  effect  upon  the  aver- 
ages of  the  southern  plots. 
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PLATE   1 


Photograph  by  United  States  Forest  Service 

Permanent  plot  No.  3,  Mons.  Virginia,  where  the  rate  of  death  and  progress  of  sapwood  decay 

have  been  studied 
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PLATE  2 


A,  Chestnut  trees  tliat  have  been  dead  for  12  years.  Temporary  sample  plot  located  near  the 
Natural  Bridge  National  Forest,  Virginia;  B,  Decay  caused  by  Polyporus  pilotae  Schw.  in  stave 
wood 
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Table  1. — Distribution  c 

/  trees 

on  , 

permanent 

and 

temporary  plots 

i 

Pi 

i 

> 

13 

Number  of  trees  dead  for— 

Locality  and  type  of  plot 

A  OS 

>> 

(N 

CO 

Tj< 

>> 

2 

0 

»>• 

>> 

00 

OJ 

2 

>> 

Permanent  plots: 
I^ons,  Va 

46 
47 
48 
49 
50 

59 
13 
9 
7 
4 

12 
2 
5 
2 
4 

3 
2 

9 
18 
14 
11 
10 

4 
8 
11 
20 
34 

77 

"3" 

"5" 

3 

2 

5 

Do 

Do 

2 

1 
3 

Natural  Bridge  Station,  Va 

2 

1 

2 

1 

Do    

Total 

92 

25 

8 

62 

11 

8 

8 

3 

26 
27 
29 
30 
32 
33 
34 
35 

Temporary  plots: 

Bluemont,  Va. 

1 

13 
14 
13 
8 
4 
6 
7 

2 
10 
10 
23 
18 

3 
12 
18 

3 

7 
9 
19 
18 

"T 

28 

12 
11 
24 
11 
17 
3 
3 
19 

20 
20 

16 

19 
18 
9 
2 

7 
17 

20 
4 
4 
5 
4 

12 

14 
7 
4 
2 

2 

1 

8 
1 

? 

Do                         ... 

2 
7 
2 
5 

7 
6 
16 
15 

1 

Gordonsville,  Va 

Do      

Monticello,  Va 

36 

15 

1 

Natural  Bridge  Station,  Va 

6 
8 

9 
13 

Orange,  Va 

6 

Total 

66 

30 

66 

96 

88 

100 

M 

72 

49 

63 

18 

10 

s 

Grand  total 

158 

55 

74 

158 

165 

111 

102 

80 

52 

63 

18 

10 

3 

Logging  operations  (8)  near  Gatlinburg,  Tenn.,  made  it  possible  to 
analyze  1,496  felled  trees  for  heart  rot  in  green  timber.  This  felled 
timber  was  on  two  tracts,  known  as  the  little  Dudley  and  Roaring 
Fork  mill  sets.  The  chestnut  was  grouped  into  the  upper-ridge  type 
and  the  lower-slope  type,  and  the  data  for  these  two  sites  were 
recorded  separately  in  the  field.  The  so-called  "cove  type"  of  chest- 
nut was  not  present  here.  The  type  of  rot,  the  presence  or  absence 
of  fire  scars,  and  the  occurrence  of  fungus  fruiting  bodies  were  recorded 
for  every  tree  on  each  site. 

In  the  investigation  of  the  decay  in  dead  standing  timber  (4),  trees 
that  had  been  dead  for  3K,  8,  12,  15,  18,  25,  and  30  years  were  felled 
and  bucked.  All  of  these  dead  trees  were  sectioned  into  a  first,  a 
second,  and,  where  present,  a  third  log.  Where  decay  was  present, 
its  extent  and  type  were  determined  by  splitting  open  the  logs.  Cul- 
tures were  obtained  wherever  possible  from  many  of  these  sections, 
at  the  stump,  in  the  first  log,  and  in  the  second  log,  to  determine 
whether  the  heart-rot  fungi  were  actually  viable  in  much  of  this  wood 
which  appeared  thoroughly  seasoned  on  the  stump. 

For  each  of  the  diameter  classes  (1,  2,  3,  4,  and  over  4  inches),  1,000 
measurements  were  recorded  for  2-year-old  slash  on  the  Davis  Mill 
Creek  unit  of  the  South  River  Lumber  Co.  sale.  Natural  Bridge 
National  Forest,  Va.  (5).  Five  thousand  measurements  were  obtained 
in  slash  on  the  ground,  and  5,000  similar  measurements  in  slash  off 
the  ground.^  The  individual  branches  were  chopped  in  half  so  as  to 
expose  the  wood  in  radial  sections  for  measurement.  The  diameter 
of  the  slash  wood,  the  thickness  of  the  bark,  and  the  depth  of  the 
decay  on  both  sides  of  the  branch  were  measured  to  the  nearest  six- 
teenth of  an  inch. 

The  trees  on  the  girdled  plots  (6)  were  used  chiefly  for  the  study  of 
checking  in  standing  and  fallen   timber  without  sawing  sections. 

»  Slash  2  feet  or  more  off  the  ground  and  not  protected  from  exposure  to  the  sun  by  ground  cover  was 
designated  as  "slash  off  ground." 
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(PL  2,  A.)  The  depth  of  checks  on  them  was  determined  by  inserting 
a  thin  celluloid  rule  into  the  crevice  and  taking  the  distance  to  the 
outside  of  the  bole,  no  allowance  being  made  for  wood  that  had  de- 
cayed and  sloughed  off.  The  length  of  the  checks  was  estimated.  In 
addition,  the  checks  on  336  bucked  trees  were  measured  at  the  faces 
of  the  logs,  from  the  very  beginning  of  the  fissure  to  the  outside  of  the 
wood.  The  trees  used  in  this  latter  work  were  those  located  on  the 
areas  described  in  (4),  in  addition  to  some  that  had  been  felled  and 
bucked  for  a  study  on  tannin  ®  at  Cow  Knob,  near  Criders,  Va.,  and 
Cruso,  N.  C. 


YEARS    DEAD 

Figure  l.— Rate  of  sapwood  decay  and  bark  falling  on  the  first  16-foot  log  in  dead  standing  chest- 
nut. Percentages  of  bark  tight,  bark  remaining,  and  area  of  sapwood  decay  are  based  on  the 
total  surface  area  of  the  log.  The  right-hand  scale  for  reading  the  depth  of  decay  is  comparable 
to  the  per  cent  scale,  since  the  average  thickness  of  sapwood  is  0.25  mch.  The  solid  lines  and 
points  are  based  on  data  from  trees  for  which  the  exact  time  of  death  was  known;  dotted  lines 
and  hollow  points  are  based  on  data  from  trees  for  which  the  time  of  death  was  estimated. 
(See  p.  6) 

DECAY  OF  SAPWOOD  AND  FALLING  OF  BARK  IN  STANDING  TIMBER 

RATE 

The  decay  of  sapwood  and  consequent  loosening  and  falling  of  the 
bark  is  brought  about  largely  through  the  agency  of  various  Hymeno- 
mycetes  which  develop  after  the  cambium  has  been  killed  by  the  bhght. 
Insects  also  aid  in  loosening  the  bark.  The  species  of  fungi  involved 
have  been  discussed  in  a  previous  paper.''  A  few  of  the  more  important 
forms  are  mentioned  later  in  this  work. 

Since  Endothia  parasitica  ordinarily  attacks  a  tree  first  in  orJnear 
the  crown  and  works  downward  through  the  branches  into  the  bole, 
the  upper  parts  are  usually  killed  from  two  to  six  years  in  advance^of 


•  Nelson,  R.  M.,  and  Qravatt,  Q.  F.  tannin  content  of  dead  chestnut  trees.  Jour.  Amer. 
Leather  Chemists  Assoc,  24:  479-499,  illus.    1929. 

'  Baxter,  D.  V.  the  fungi  and  the  decay  of  the  American  chestnut.  Part  1.  Papers  Michigan 
Academy  of  Science,  Arts  and  Letters,  14:  259-290.    1930. 


DETERIORATION  OF  CHESTNUT  IN  THE  APPALACHIANS 


the  butt.  The  speed  at  which  the  kiUing  progresses  along  the  longi- 
tudinal axis  of  a  stem  is  extremely  erratic.  Attempts  to  correlate  the 
rate  of  killing  with  diameter  or  height  of  the  trees  proved  unsatisfac- 
tory. Because  of  this  irregularity,  it  was  impossible  to  arrive  at 
an  absolutely  common  starting  point  for  studying  the  rate  of  decay. 
The  one  that  seemed  most  satisfactory  was  the  year  in  which  the  last 
living  tissue  above  stump  height  was  killed.  In  some  trees  one-half  or 
even  more  of  the  butt  log  may  have  died  that  year,  while  in  others 
this  point  marks  the  death  of  a  small  area  of  cambium  which  had 
continued  to  maintain  itself  for  one,  two,  or  possibly  three  years  after 
the  rest  of  the  log  had  died. 

The  basic  data  showing  the  rate  of  sap  wood  decay  and  falling  of 
bark  on  the  permanent  and  temporary  plots  are  given  in  Table  2. 
The  figures  in  boldface  type  were  summarized  from  the  data  taken 
on  trees  for  which  the  time  of  death  was  positively  known.  They  alone 
have  been  used  in  considering  the  trend  of  deterioration  during  the 
first  three  years  after  the  tree  died,  and  were  used  to  plot  the  solid 
lines  of  the  curves  given  in  Figure  1 .  In  order  to  follow  deterioration 
beyond  the  third  year  it  was  necessary  to  make  use  of  the  data  from 
trees  for  which  the  time  of  death  had  been  estimated  in  the  manner 
described  on  page  2.  Here  the  combined  averages  of  the  permanent 
and  temporary  plots  seemed  to  furnish  the  most  reliable  basis.  These 
were  used  in  plotting  the  broken  lines  of  the  curves  in  Figure  1 . 

Table  2. — Bark  falling  and  sapwood  decay  of  chestnut  trees  on  sample  plots 
[Boldface  type  indicates  data  taken  on  trees  for  which  the  time  of  death  was  positively  known] 


Plot  group 

Trees 

used  as 

basis 

First  16-foot  log 

Number  of  years 
dead 

Bark 

Area  of 
sap  decay 

Depth  of 
sap  de- 

Area 
tight 

Area  re- 
maining 

cay  at 
breast- 
height 

Permanent 

Number 
25 
30 
65 
8 
66 
74 
62 
96 

158 
77 
88 

166 
11 

100 

111 

8 

94 

102 

8 

72 

80 

3 

49 

52 

0 

63 

Per  cerU » 
64 
76 
66 
28 
62 
58 
12 
26 
21 
5 
12 
9 
0 
9 
8 
0 
4 
4 
0 
3 
3 

? 

1 

Per  cent 
97 
98 
98 
99 
99 
99 
96 
97 
97 
96 
90 
93 
92 
79 
80 
81 
73 
74 
87 
63 
65 
67 
20 
23 

Per  cent 
39 
36 
37 
55 
62 
62 
86 
76 
80 
96 
85 
90 
98 
90 
91 
99 
96 
96 

100 
96 
96 

100 
97 
97 

Inch 
0.08 

Less  than  1 :. 

^Temporary . 

.095 

Combined 

.088 

Permanent 

.095 

1- 

•(Temporary. 

.095 

Combined 

.096 

Permanent    

.11 

2. 

•^Temporary 

.15 

Combined 

.134 

Permanent     . .    

.16 

3 

•(Temporary 

.136 

.147 

Permanent 

.12 

4. 

■\  Temporary 

16 

Combined 

.166 

Permanent 

.276 

6. 

■J  Temporary 

17 

Combined 

Permanent 

.175 

6 

<Temporary 

.16 

Combined-  . 

.  162 

Permanent 

.250 

7 

.156 

Combined 

.160 

Permanent 

8 

0 

12 

99 

.  196 

Combined 

Percentages  are  based  on  the  total  outside  area  of  the  log. 


The  agreement  between  the  measurements  for  the  permanent  and 
temporary  plots,  respectively,  where  the  population  is  sufficient,  is 
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on  the  whole  closer  than  between  plots  within  either  group.  The 
marked  discrepancy  in  the  percentages  of  tight  bark  on  the  first  log 
at  dead  less  than  one  year  can  well  be  attributed  to  the  uneven  rate 
of  killing.  The  falling  of  bark  from  the  upper  parts  of  trees  is  ex- 
tremely erratic  and  can  not  in  itself  be  used  as  a  criterion  for  esti- 
mating, even  roughly,  the  number  of  years  a  tree  has  been  dead. 

Data  for  the  first  log  are  shown  graphically  in  Figure  1.  The 
three  curves  representing  percentage  values  are  directly  comparable 
and  indicate  that  the  third  year  after  death  the  sap  wood  and  bark 
are  no  longer  available  for  utiHzation.  Even  though  96  per  cent  of 
the  bark  may  remain  at  that  time,  most  of  it  is  so  loose  that  it  would 
be  knocked  off  in  felling  operations.  The  increase  in  depth  of  decay 
of  the  sapwood  at  breastheight  is  plotted  directly  in  inches,  as 
indicated  on  the  right-hand  scale  of  the  graph.  Since  the  average 
thickness  of  the  sapwood  as  measured  on  over  100  green  trees  is  ap- 
proximately 0.25  inch,  this  curve  is,  for  practical  purposes,  com- 
parable to  the  others.  In  order  to  make  this  direct  comparison,  the 
scale  was  magnified  beyond  that  which  the  accuracy  of  the  field  meas- 
urements (taken  to  the  nearest  one-sixteenth  of  an  inch)  would 
require,  and  for  this  reason  a  smoothed  curve  has  been  drawn  through 
the  points  in  order  to  indicate  the  trend  more  clearly. 

As  Figure  1  shows,  the  rate  of  sapwood  decay  and  bark  loosening 
is  highest  during  the  first  two  years  after  death  and  gradually  sub- 
sides, becoming  negligible  after  the  sixth  year.  Examinations  of  the 
girdled  plots  showed  that  after  this  time  reduction  in  diameter  from 
deterioration  would  probably  not  exceed  0.25  inch  in  20  or  30  years. 
These  statements  apply  to  the  average  tree.  There  are  occasional 
instances  where  a  fungus,  such  as  Polystictus  pargamenus  Fr.,  attacks 
the  sapwood  and  continues  into  the  heart,  causing  decay  of  an  inch 
or  more  in  depth. 

MEASUREMENT  OF  LOSSES 

The  actual  changes  resulting  from  sapwood  decay  and  bark  falling 
must  be  considered  in  terms  of  the  product.  It  should  be  pointed 
out  here  that  extract  and  pulpwood  are  important  products  of  chest- 
nut in  the  southern  Appalachians  and  make  the  salvage  of  limb 
wood  and  inferior  timber  more  feasible  than  in  the  North.  Unpeeled 
wood  can  be  used  for  fuel  and  for  the  manufacture  of  extract  and 
wall  board.  The  volume  reductions  in  unpeeled  wood,  due  to  decay, 
are  considerable  and  obviously  increase  relatively  as  the  diameter  of 
the  tree  decreases.  This  is  indicated  on  a  percentage  basis  in  Figure 
2.  The  curve  is  based  on  the  difference  in  bole  volumes,  outside  bark, 
and  inside  sapwood,  respectively,  of  84  trees  near  Damascus,  Va. 
The  volumes  were  calculated  in  cubic  feet  by  Smalian's  formula  * 
for  5-foot  lengths  with  a  minimum  upper  diameter  of  3.6  inches. 

As  the  diameter  increases  above  15  inches,  the  volume  of  limb 
wood  that  can  be  utilized  becomes  appreciable.  An  estimate  of  the 
present  loss  from  this  source  is  presented  in  Table  3.  The  data  were 
prepared  from  original  notes  ®  taken  by  the  Forest  Service  on  a 
mill-scale  study  at  Bee  Tree,  N.  C.  The  middle  diameter  outside 
bark  of  each  5-foot  stick  actually  utilized  for  acid  wood  had  been 
recorded  to  the  nearest  inch.    The  number  of  sticks  in  each  inch  class 

»  These  notes  were  secured  through  the  courtesy  of  W.  W.  Ashe,  of  the  Forest  Service. 
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were  tallied  for  each  tree  and  the  results  summarized  in  5-inch 
d.  b.  h.^°  classes.  The  loss  factors  for  each  inch-diameter  class  were 
determined  as  follows:  Nine  trees  were  felled  near  Damascus,  Va., 
and  their  limbs  cut  and  stacked  by  an  acid-wood  chopper.    The  middle 
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FiQUEE  2.— Reduction  in  bole  volume  from  loss  of  bark  and  sapwood 

diameters,  outside  bark,  and  inside  sapwood  of  each  piece  in  the  stack 
were  determined  by  averaging  the  measurements  taken  at  both  ends. 
The  differences  in  basal  area  resulting  from  the  loss  of  sapw^ood  and 
bark  and  the  consequent  reduction  in  the  original  volume,  expressed 
in  percentages,  are  shown  in  Table  4.    These  percentages  were  plotted, 
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Figure  3.— Reduction  of  limb  wood  from  loss  of  bark  and  sapwood.     (See  Table  4) 

and  a  smoothed  curve  was  drawn  through  the  points,  as  shown  in 
Figure  3.  The  curve  was  projected  to  18  inches,  in  order  to  utilize 
all  possible  data  given  in  Table  3.  The  curved  values  for  even-inch 
classes  were  used  in  calculating  the  losses  shown  in  Table  3. 


10  Diameter  breast  high. 
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Table  4. — Loss  in  volume  of  chestnut  limb  wood  from  decay  of  sapwood  and  falling.: 
of  hark  on  various  sizes  of  5-foot  sticks 


Diameter  of  sticks 

Basal  area 
outside  of 

bark 

Basal  area 
inside  of 
sapwood 

Actual 
loss 

Sticks 

Class  (inches) 

Aver- 
age 

used  as 
basis 

3  6  to  4.5                             -      -- 

Inches 
4.1 
5.0 
6.0 
7.0 
7.9 
8.9 
10.3 
10.8 

Squarefeet 
0.090 
.139 
.194 
.266 
.340 
.432 
.579 
.636 

Squarefeet 
0.050 
.087 
.130 
.190 
.222 
.303 
.426 
.472 

Per  cent 
'44.5 
37.4 
33.0 
28.6 
34.7 
29.9 
26.4 
25.6 

Number 
50 

4  6  to  5  5                                             

32 

5.6  to  6.5 —  - - 

26 

6.6  to  7.5                                 .  --- - --- 

13 

7  6  to  8  5                                            

3 

8.6  to  9.5 - 

4 

9  6  to  10  5                                        

3 

10  6  to  11  5 

1 

I  "Where  the  average  diameter  inside  sapwood  is  less  than  4.0  inches,  the  entire  stick  is  considered  lost. 

Obviously  the  loss  figures  presented  here  can  not  be  used  for  making 
accurate  calculations  on  any  individual  stand.  The  very  best  that 
could  have  been  done  in  a  study  of  this  nature  would  have  been  the 
preparation  of  regional  volume  and  loss  tables  for  various  site  con- 
ditions.  Inasmuch  as  such  an  undertaking  was  neither  warranted 
nor  possible  and  lay  outside  the  province  of  the  Division  of  Forest 
Pathology,  it  is  hoped  that  these  methods  can  serve  at  least  as  an 
outline  for  making  estimates  from  local  volume-table  data. 

The  financial  losses  will,  of  course,  be  dependent  upon  local  eco- 
nomic conditions  over  limited  periods  of  time  and  are  not  discussed 
in  this  bulletin.  Where  the  bark  is  not  included  in  the  product,  the 
losses  due  to  decay  of  the  sapwood  are  comparatively  small.  The 
reduction  in  diameter  inside  bark  of  bole  and  limb  wood  will  average 
about  0.5  inch.  The  loss  for  peeled  extract  wood  will  be  approximately 
one-third  to  one-fourth  of  the  values  given  in  the  tables  and  figures 
where  the  bark  has  been  included.  The  losses  in  board-foot  volumes 
are  very  small,  and  no  attempt  has  been  made  to  estimate  them  in 
this  bulletin. 

DECAY    OF   HEARTWOOD   IN    STANDING    TIMBER 

DECAY  IN  GREEN  TIMBER 

The  utiUzation  of  killed  chestnut  is  in  part  dependent  upon  the 
amount  of  inferior  grade  of  wood  already  in  the  forest  before  the  trees 
are  blighted.  However,  as  much  of  the  decay  found  in  chestnut 
occurs  in  the  basal  section  of  the  trees,  such  defective  portions  are 
butted  off  and  the  remaining  sound  sections  salvaged. 

In  a  mill-scale  study  of  221  trees  at  Waynesboro,  N.  C,  Hedgcock" 
found  more  decay  in  the  butts  and  first  logs  than  in  the  logs  taken 
from  the  upper  part  of  the  bole.  The  extent  and  area  of  the  macro- 
scopic decay  in  the  timber  were  determined  by  following  the  logs 
through  the  mill.  His  unpublished  data  indicate  that  the  types  of 
decay  were  similar  to  those  reported  later  on  the  Tennessee  area  (3, 
p.  2).  Hedgcock  measured  the  decayed  portion  of  each  decayed  log 
as  to  length,  width  in  lower  end,  width  midway  or  in  the  center  of 
the  decay,  width  12  inches  from  the  upper  end,  and  the  cross-section 

II  Data  arranged  from  unpublished  notes  of  G.  Q.  Hedgcock  which  were  lent  to  the  writers  for  this  inves- 
tigation. These  notes  were  taken  on  a  Forest  Service  mill-scale  study  of  southern  Appalachian  hardwoods 
in  1928. 

59602—31 2 
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area  at  the  upper  and  lower  ends.  The  decay  in  this  timber  extended 
up  the  bole  only  2  to  4  feet  in  44  per  cent  of  the  trees  in  which  rot 
was  found  in  the  first  log.  The  average  extent  of  the  decay  in  the 
butt  was  found  to  be  5  feet.  The  logger  is  concerned,  however,  in  the 
number  of  logs  that  are  100  per  cent  decayed  and  the  number  of  logs 
that  can  be  salvaged  by  long  butting.  As  chestnut  logs  are  of 
different  lengths,  depending  on  sweep,  crook,  crotch,  knots,  etc.,  it  is 
evident  that  the  percentage  of  decay  based  upon  the  total  length  of 
each  log  is  an  important  figure. 

The  percentage  of  decay  based  on  total  log  length  for  the  first, 
second,  and  third  logs  on  the  area  at  Waynesboro  is  shown  in  Table 
5.  It  can  be  seen  that  decay  extended  throughout  the  total  length 
of  only  7  first  logs,  3  second  logs,  and  1  third  log.  In  54  of  the  first 
logs  sifiowing  decay  the  extent  of  the  rot  was  less  than  50  per  cent 
of  the  log  length  and  less  than  25  per  cent  of  the  log  length  in  30 
first  logs.  The  actual  amount  of  decay  on  the  area,  therefore,  is 
not  great,  since  decay  was  found  in  only  73  first  logs  out  of  a  total 
of  221  examined.  In  records  based  on  scale  of  the  trees  in  the  woods, 
the  Forest  Products  Laboratory  finds  a  deduction  of  11.4  per  cent 
in  Appalachian  chestnut  for  rot  or  punk  and  a  total  deduction  for 
defect,  including  sweep,  crook,  crotch,  rot  or  punk,  shake,  fire  dam- 
age, surface  defect,  and  operating  defect,  of  24.3  per  cent.^^ 

Table  5. — Extent  of  decay  in  first,  second,  and  third  chestnut  logs  at  Waynesboro, 
N.  C.  {based  on  log  length) 


Average 

Decay 

based  on 

total 

length 

Basis 

Percent- 
age of 
total 

number 
of  logs 

showing 
decay 

Average 
length 
of  log 
(feet) 

Decay 

based  on 

total 

length 

Basis 

Percent- 
age of 
total 

number 
of  logs 

showing 
decay 

length 
of  log 
(feet) 

Logs 

Percent- 
age of 
total 

Logs 

Percent- 
age of 
total 

First  log: 

14.8 

14 

16- 

14 

10 

12 

14. - 

16- - 

15-. 

16 

16 

14- - 

16 

14 

12 

16. 

Per  cent 
100.00 
78.65 
75.00 
71.50 
70.00 
66.66 
64.35 
62.50 
50.00 
46.52 
43.75 
42.90 
37.50 
35.75 
33.33 
31.25 
25.00 
21.40 
20.00 
18.70 
16.66 
14.20 
12.50 
7.15 
6.25 
0 

Number 

145 
3 

Per  cent 

3.17 

.45 

.45 

.45 

.45 

.45 

.45 

.90 

1.81 

.45 

1.36 

.45 

1.81 

.45 

.45 

1.81 

4.07 

1,81 

.45 

1.81 

1.81 

2,71 

4.07 

,45 

.45 

65.61 

1.36 

Per  cent 
0  9.59 
1.37 
1.37 
1.37 
1,37 
1.37 
1,37 
2,74 
5.48 
1.37 
4.11 
1,37 
5,48 
1,37 
1.37 
5.48 
12,33 
5,48 
1,37 
5.48 
5,48 
8.22 
12.33 
1.37 
1.37 

Second  log: 

14 

12 

16 

14 

10 

16 

12 

16 

16--. 

14 

14 

16 

12- 

14. - 

16 

14,3 

Total 

Per  cent 
100,00 
75.00 
62.50 
57.20 
50.00 
43.75 
41.65 
37,50 
31,25 
28.60 
25.00 
18.70 
16.66 
14.20 
12.50 
0 

Number 
3 
1 
"    2 
1 
1 
1 
1 
1 
1 
1 
2 
3 
3 
1 
1 
188 

Per  cent 
1,42 
,47 
,95 
,47 
,47 
,47 
,47 
,47 
.47 
.47 
,95 
1,42 
1,42 
,47 
.47 
89,10 

Per  cent 
'13.04 
4.34 
8.69 
4.34 
4.34 
4.34 
4.34 
4.34 
4.34 
4.34 
6.89 
13.04 
13,04 
4,34 
4.34 

14.2 - 

14 

211 

10- 

16 

12 

14 

16- 

14 

16-- 

14.7 

Third  log: 

16--- 

12 

14 

15 

14 

12 

12 

13.7 

Total 

100.00 
83.30 
57.20 
50.00 
35.71 
33.33 
25,00 
0 

1 
1 
1 
2 
2 

1 
99 

,93 
.93 
,93 
1,85 
1,85 
,93 
.93 
91.67 

•'11, 11 
11,11 
11.11 
22.22 
22.22 
11.11 

U  n  m  e  r- 
chant- 

11.11 

able  '> 

108 

Total. 

221 

»  Total  number  equals  73. 

f>  Probably  the  logs  were  obviously  not  worth  sawing. 


«  Total  number  equals  23. 
<*  Total  number  equals  9. 


M  Garvee,  R.  D.,  and  Miller,  R.  small  sawmill  utilization  of  Appalachian  hardwoods,  paet 
1.  LUMBER.  U.  S.  Dept.  Agr.,  Forest  Serv,  in  cooperation  with  the  Univ.  Wis,  103  p.  1929.  (Mim- 
eographed.) 
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It  is  rather  generally  believed  that  various  correlations  exist  be- 
tween the  prevalence  of  decay  and  site.  Such  relationships  probably 
vary  with  the  different  sites  on  which  the  chestnut  is  growing.  On 
the  Tennessee  areas  studied,  and  where  the  cove  type  of  chestnut 
was  not  present,  the  larger  number  of  trees  that  were  decayed  grew 
on  the  ridge- top  sites.  (Table  6.)  The  reason  for  this  is  difficult 
to  explain.  There  the  soil  is  dry,  and  the  site  is  not  one  that  pro- 
duces a  high  quality  of  timber.  There  is  a,  free  access  of  wind  there, 
and  branches  are  frequently  broken  off.  This,  of  course,  extends 
the  possibilities  for  fungous  infection.  As  the  ridge-top  site  is  a 
drier  one,  fires  probably  have  been  more  severe  and  have  occurred 
perhaps  more  frequently  during  the  life  of  the  trees  than  on  the 
more  moist  slopes.  Although  the  best  growth  of  chestnut  is  usually 
found  on  slopes  with  a  northerly  aspect,  there  seemed  to  be  little 
difference  in  the  presence  of  rot  on  the  slopes  facing  different  direc- 
tions. The  number  of  trees  examined  that  were  growing  on  different 
aspects  and  the  decay  present  are  recorded  in  Table  7. 

Table  6. —  Types  of  decay  in  green  chestnut  timber  on  different  sites  in  Sevier 

County,  Tenn. 


Trees 

on— 

Trees  with— 

s  with  I 

Diameter  class 

(inches) 

Polyporus 
spraguei  type 

Polyporus 
pilotae  1  type 

Type  of  decay 
unknown 

Total  tree 

ot 

Lower 

slope 

Ridge 

Lower 

slope 

Ridge 

Lower 
slope 

Ridge 

Lower 
slope 

Ridge 

Lower 
slope 

Ridge 

fi  to  13 

Num- 
ber 
57 
73 
60 
69 
61 
34 
33 
28 
18 
11 
8 
16 
5 
3 
1 
4 

Num- 
ber 
74 
133 
150 
141 
129 
77 
102 
58 
59 
25 
27 
25 
4 
6 
2 

3 

Num- 
ber 
4 
6 
0 
5 
7 
6 
7 
0 
2 
1 
3 
4 
1 
2 
1 
2 

Num- 
ber 
13 
20 
32 
30 
39 
16 
22 
16 
17 
10 
5 
9 
1 

I 

2 

Num- 
ber 
2 
1 
2 
3 
2 
3 
1 
1 
2 
0 
2 
4 
1 
0 
0 
0 

Num- 
ber 
4 
8 
9 
12 
9 
5 
5 
6 
5 
5 
4 
4 
0 
1 
1 
1 

Num- 
ber 
2 
3 
6 
9 
6 
6 
1 
3 
5 
2 
2 
3 
2 
1 
0 
2 

Num- 
ber 
5 
19 
18 

1^ 

22 
13 
10 
11 

5 
0 
5 
1 
1 
1 
0 

Num- 
ber 
8 
10 

17 
17 
15 
15 
9 
10 
g 
3 
7 
11 
4 

1 
4 

Per 
cent 
14.0 
13.7 
28.3 
24.6 
24.6 
44.1 
27.3 
35.7 
50.0 
27.3 
87.5 
68.7 
80  0 
100.0 
100.0 
100.0 

Num- 
ber 
22 
47 
59 
57 
62 
43 
40 
32 
33 
20 
15 
18 
2 
6 
2 
3 

Per 
cent 

29.7 

14  to  15 

35.4 

16  to  17 

39.3 

18  to  19 

40.5 

20  to  21 

22  to  23 

48.0 

55.8 

24  to  25 

39.2 

26  to  27 

55.2 

28  to  29 

56.0 

30  to  31 

80.0 

32  to  33 

55.5 

34  to  37 

72.0 

38  to  41 

50.0 

42  to  45 

100.0 

46  to  49 

100.0 

50  to  64 

100.0 

Total.-.. 

481 

1,015 

57 

236 

24 

79 

53 

146 

143 

29.7 

461 

45.4 

1  The  name  Polyporus  pilotae  Schw.  has  appeared  extensively  in  American  publications.    P.  pilotae 
Schw.  and  P.  croceus  Fr.  are,  however,  considered  as  synonymous  in  the  literature. 


Table  7. — Number  of  chestnut  trees  and  rot  present  on  slopes  of  different  aspects, 

Sevier  County,  Tenn. 


Aspect 

Trees 

Polypo- 
rus 
spraguei 
type 

Polypo- 
rus 

pilotae 
type 

Type  of 

decay 

unknown 

Total  rot 

North                                             

Number 

150 

847 

97 

406 

Per  cent 
15.3 
19.0 
23.7 
23.3 

Per  cent 
4.0 
6.3 
4.1 
7.4 

Per  cent 
18.0 
12.6 
12.4 
13.0 

Per  cent 
37.3 

East            -      

37.9 

South                                         

40.2 

West            

43.8 
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In  the  majority  of  heart-rot  studies,  relationships  are  usually 
determined  between  age  and  decay,  as  well  as  between  diameter  and 
decay.  Such  data  are  used  in  regulation  studies  and  aid  in  the  deter- 
mination of  the  period  of  rotation.  In  chestnut  stands  such  studies 
in  regard  to  rotation  would  now  be  useless,  since  the  chestnut  blight 
has  thrown  out  American  chestnut  from  all  forest-management  plans. 
Facts  obtained  regarding  the  relation  between  the  age  and  the  decay 
are  therefore  of  little  practical  value  in  the  utilization  of  chestnut. 

DECAY  IN  DEAD  TIMBER 

In  the  dead  trees  felled  in  both  the  study  of  tannin  content  ^^  and 
for  the  present  study,  the  characteristic  heartwood  decay  was  found 
similar  to  that  already  recorded  for  green  timber.  Both  the  "piped 
rot,"  Polyporus  pilotae  type  (pi.  2,  B),  and  the  brown  friable  cubical 
rot,  P.  sulphureus  and  P.  spraguei  types  (pi.  3),  were  found  in  stand- 
ing trees  practically  regardless  of  how  long  they  had  been  dead. 

In  th6  timber  that  had  been  dead  for  Sji,  8,  12,  15,  18,  25,  and  30 
years  (4,  p.  2)  there  seemed  to  be  no  correlation  between  the  number 
of  decayed  dead  standing  trees  and  the  number  of  years  such  trees 
had  been  dead.  On  one  sample  plot  listed  in  Table  8,  100  per  cent  of 
the  trees  that  had  been  dead  for  8  years  were  sound,  while  only  40 
per  cent  of  the  trees  dead  for  only  3K  years  on  another  plot  were 
sound.  On  plot  No.  9,  70.8  per  cent  of  the  trees  were  sound  even 
though  they  had  been  dead  for  25  years,  whereas  on  plot  No.  5  only 
19.4  per  cent  of  the  trees  dead  12  years  were  sound. 

Table  8  indicates  that  one  may  expect  to  find  a  surprising  number  of 
sound  trees  in  stands  that  have  been  dead  as  long  as  25  years.  Fence 
posts,  mine  timbers,  ties,  extract  and  pulpwood,  and  even  lumber  can 
be  salvaged  from  such  wood.  Many  of  the  trees  felled  for  this  study 
on  the  heartwood  decay  were  converted  into  cordwood  and  sold  to 
extract  plants.  Lumber  cut  from  trees  that  had  been  in  a  dead  stand- 
ing condition  for  10  years  before  felling  is  shown  in  Plate  4,  A.  Tie 
timbers  made  from  chestnut  dead  for  6  years  are  shown  in  Plate  4,  B. 

13  Nelson,  R.  M.,  and  Oravatt,  O.  F.    Op.  cit.    (See  footnote  6.) 
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PLATE  3 


Polyporus  spraguei  on  chestnut  extract  wood  that  had  been  in  storage  for  two  months.  P.  spraguei 
continues  to  rot  the  wood  after  the  tree  has  been  felled.  Note  the  white  fruiting  body  of  this 
fungus  on  the  badly  diseased  stick  of  extract  wood 
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PLATE  4 


photographed  by  Edward  Littlefield  in  New  York  State 


A,  Chestnut  lumber  sawed  from  dead  trees  that  had  been  killed  by  girdling  10  years  before  cutting. 
This  lumber,  despite  the  poor  method  of  piling,  is  still  merchantable.  Near  Natural  Bridge 
National  Forest,  Virginia;  B,  Ties  sawed  from  chestnut  that  has  been  dead  for  six  years. 
Although  the  sapwood  is  decayed,  the  heartwood  is  in  good  condition 
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DECAY    OF    SAPWOOD    IN    SLASH    AND    FALLEN    TIMBER 

The  rate  and  type  of  decay  in  the  sapwood  of  chestnut  slash  corre- 
spond generally  to  that  recorded  for  dead  standing  timber.  Records 
that  have  been  obtained  from  various  regions  in  the  southern  Appa- 
lachians, and  which  are  supported  by  the  measurements  mentioned  in 
the  following  paragraphs,  show  that  the  sapwood  of  chestnut  slash 
is  decayed  generally  within  two  years.  The  two  measurements 
obtained  in  the  manner  described  on  page  3  were  averaged,  and  this 
figure  was  used  as  the  basis  for  determining  the  percentage  of  decay. 
Although  the  depth  of  decay  in  chestnut  slash  is  not  uniform  over  the 
entire  sapwood,  the  percentages  expressed  in  Table  9  are  believed  to 
be  representative  of  what  is  to  be  expected  in  the  decay  of  sapwood  in 
slash. 

Table  9. — Decay  of  sapwood  in  2-year-old  chestnut  slash,  Natural  Bridge  National 

Forest,  Va. 


[Based  upon  1,000  measurements  for  each  diameter  class, 

on  and  off  the  ground 

Decay 
(per 
cent) 

Number  of  fruiting  bodies  found  in  August,  1928  of— 

Diameter  outside  of 
bark 

Polys- 
tictus 
hir- 
sutus 

Polys- 
tictus 
versi- 
color 

Irpex 
lacteus 

Schizo- 
phyl- 
lum 
com- 
mune 

Polyp- 

orus 

cinna- 

barinus 

Stere- 
um  sp. 

Stere- 
umoch- 

raceo- 
flavum 

Stere- 

um 

fasci- 

atum 

2T3 

52 

5^ 
Ofeo 

§1 

1^ 

2X3 

itq  o 

»T3 

5  « 

fl  o 
0& 

If 

0& 

11 
PI  2 

-SI 

a  p 

5^ 

il 

Ofeb 

1^ 

linch 

87 
31 
17 
11 

87 
34 
13 
11 

6 
8 
8 
9 
11 

5 
0 
5 
3 
6 

5 
2 
0 
0 
0 

1 
0 
0 
2 
0 

3 
4 
1 
0 
0 

2 
7 
2 
2 

1 

2 
1 
0 
0 

1 

2 
4 
0 
2 
0 

3 

18 
17 
12 

8 

0 

1 

0 
0 
0 

3 
6 
0 

1 
0 

1 
0 
2 
1 
0 

2 
2 
0 

§ 

1 
1 
3 
0 
0 

1 

2 
2 
3 
2 

1 

2  inches 

0 

3  inches 

1 

4  inches 

0 

Over  4  inches 

0 



Total 

42 

19 

7 

3 

8 

14 

4 

8 

58 

1 

10 

4 

4 

5 

10 

? 

Grand  total 

61 

10 

22 

12 

59 

14 

9 

12 

Because  of  the  large  amount  of  sapwood  in  proportion  to  heartwood 
in  small  slash,  small  debris  in  the  forest  is  rapidly  decayed  by  the  sap- 
wood-rotting  organisms.  In  the  Natural  Bridge  National  Forest  87 
per  cent  of  the  wood  in  small  slash  was  decayed  after  two  years. 
This  figure  was  obtained  from  measurements  made  on  slash  both  on 
and  off  the  ground.  If  there  was  any  difference  in  the  amount  of 
decay  of  slash  on  and  off  the  ground,  it  was  so  slight  that  it  could  not 
be  measured  in  units  of  sixteenths  of  an  inch.  Table  9  shows  that  the 
percentage  of  decay  in  the  slash  (off  the  ground)  of  the  3-inch  and 
particularly  the  4-inch  classes  is  relatively  small,  13  and  11  per  cent, 
respectively.  This,  as  has  been  explained,  is  due  to  the  large  amount 
of  heartwood  present. 

Although  it  is  well  known  that  sapwood  is  generally  less  durable 
than  heartwood,  the  difference  in  the  rate  of  decay  of  sapwood  and 
heartwood  in  chestnut  is  particularly  striking,  certainly  more  so  than 
in  such  species  as  poplar  and  birch.  In  slash  of  the  larger  diameter 
classes  the  heartwood  decays  very  slowly  and  seldom  rots  until  long 
after  the  sapwood  has  fallen  away.     Inasmuch   as    this   heartwood 
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remains  as  a  fire  menace  for  years  after  logging,  it  is  evident  that  the 
removal  of  the  larger  limbs  for  extract  wood  or  for  cordwood  is  even 
more  important  if  this  hazard  is  to  be  reduced  within  a  short  period. 

FUNGI   CAUSING   DECAY   OF    SAPWOOD   AND   HEARTWOOD 

FUNGI  ON  SAPWOOD  " 

The  majority  of  the  fungi  that  are  responsible  for  the  decay  of  the 
sapwood  in  standing  trees  are  also  widely  distributed  geographically 
and  are  common  on  chestnut  slash.  Although  extensive  collections 
of  both  slash-rotting  and  other  chestnut-inhabiting  fungi  have  been 
made  throughout  the  entire  range  of  the  American  chestnut,  only  a 
few  of  the  more  important  plants  are  mentioned  in  this  bulletin. 

Polystictus  pargamenus  Fr.  and  Polyporus  gilvus  Fr.  are  com- 
monly found  on  both  standing  trees  and  slash  that  still  retain  the  bark. 
They  are  active  in  the  disintegration  of  bridge  timbers  and  cribbings 
and  are  capable  of  producing  much  decay  in  extract  wood  when 
it  is  stored  for  long  periods.  Polystictus  hirsutus  Fr.  and  Polyporus 
cinnabarinus  Fr.  also  produce  much  decay  in  extract  and  slash  wood. 
P.  cinnabarinus  decays  the  sapwood  of  the  larger  prostrate  limbs  and 
is  a  common  fungus  on  extract  wood  stored  in  the  stack.  The  two 
last-mentioned  fungi  generally  attack  the  larger  slash  (2  inches  and 
over)  which  is  on  the  ground.  Other  important  fungi  which  decay 
slash  timbers  in  the  southern  Appalachians  and  which  were  collected 
in  the  slash  study  already  referred  to  under  5,  page  2,  are  shown 
in  Table  9.  Although  Poria  mutans  Pk.  is  not  listed  in  this  table,  it  is 
a  very  common  fungus  which  aids  in  the  decay  of  old  logs  and  of  larger 
slash .  This  fungus  is  more  apt  to  be  found  where  such  logs  occur  in  the 
forest  before  the  timber  is  cut  over  and  where  the  slash  is  not  exposed 
to  the  sun. 

Blight-killed  sprouts,  which  are  a  decided  fire  menace  in  the 
forest,  are  attacked  chiefly  by  the  following  sapwood-inhabiting 
fungi:  Irpex  lacteus  Fr.,  Polyporus  gilvus  Fr.,  P.  nidulans  Fr.,  Poria 
mucida  Fr.,  P .  ferruginosa  (Schrad.)  Fr.,  Panus  stipticus  Fr.,  P.  rudis 
Fr.,  Stereum  sericeum  Schw.,  S.  rameale  Schw.,  S.  umbrinum  B.  and  C, 
S.  ochraceo-flavum  Schw.,  and  Peniophora  cinerea  (Pers.)  Cooke. 

FUNGI  ON  HEARTWOOD 

It  can  be  seen  from  Tables  6  and  8  that  the  most  important  cause  of 
cull  in  green  or  dead  standing  chestnut  is  attributed  to  Polyporus 
spraguei,  P.  pilotae,  and  possibly  P.  sulphureus.  Undoubtedly  the 
majority  of  rots  Usted'in  these  tables  under  "Polyporus  spraguei  type" 
and  "Polyporus  pilotae  type"  are  respectively  caused  by  these  two 
fungi.  The  number  of  known  infections  of  P.  spraguei  on  the  Ten- 
nessee areas  studied,  as  is  indicated  by  the  number  of  logs  and  stumps 
actually  showing  fruiting  bodies,  is  shown  in  Table  10.  Fruiting 
bodies  were  actually  found  on  110,  or  7.3  per  cent,  of  the  trees. 

"  It  is  impossible  to  sharply  define  those  fungi  which  produce  decay  in  the  sapwood  and  heartwood. 
Polystictus  pargamenus,  for  instance,  frequently  decays  the  heartwood  under  favorable  conditions. 
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Table  10. — Number  of  living  chestnut  trees  actually  known  to  he  infected  with 
Polyporus  spraguei,  as  indicated  by  the  presence  of  fruiting  bodies,  in  Sevier 
County,  Tenn. 


Area 

Site 

Total  trees 

Trees  with 

P.  spragaei 

fruiting 

bodies 

Trees 
showing 
fruiting 

bodies 

Little  Dudley 

Ridge  top 

Number 
815 
318 
200 
163 

Number 
69 
16 
14 
12 

Per  cent 
8.5 

Do    

Lower  slope 

4.7 

Roaring  Fork 

Ridge  top 

7.0 

Do       

Lower  slope 

7.4 

Total  or  average 

1,496 

110 

17.3 

1  Computed  from  total  number  of  trees  and  total  number  with  fruiting  bodies. 

Structural  timbers  are  attacked  also  by  Polyporus  sulphureus  Fr., 
P.  spraguei  B.  and  C,  and  in  some  regions  Daedalea  quercina  Fr.,  in 
addition  to  Polyporus  pilotae  Schw.  Lenzites  vialis  Pk.  is  common  on 
chestnut  trees,  and  Trametes  sepium  Berk,  is  to  be  found  almost 
invariably  on  chestnut  poles  and  on  other  structural  timbers.  The 
large  number  of  records  of  the  important  decay-producing  fungi  that 
were  obtained  from  sections  of  the  dead  girdled  trees  and  from  green 
standing  timber  may  be  summarized  as  follows : 

Polyporus  spraguei  continues  to  develop  in  the  larger  pieces  of  slash  after  the 
tree  has  been  wind  thrown.  This  fungus  was  found  fruiting  on  30-year-old  dead 
chestnut  that  had  been  on  the  ground  for  at  least  six  years.  P.  spraguei  fre- 
quently has  been  found  fruiting  on  old  logs  in  chestnut  forests  elsewhere.  This 
is  an  important  item,  in  that  there  are  relatively  few  fungi  on  record  that  produce 
both  heart  rot  in  living  timber  and  also  decay  in  fallen  limbs  and  slash  on  the 
ground. 

Polyporus  sulphureus  produces  decay  in  chestnut  heartwood  in  living  timber, 
and  not  only  has  it  been  observed  in  these  dead  girdled  trees  that  have  been 
standing  for  a  number  of  years,  but  its  fruits  have  also  been  observed  on  lightning- 
killed  snags  in  the  forest,  on  fence  posts,  telegraph  poles,  and  logs.  P.  sul- 
phureus, therefore,  decays  the  heartwood  of  living  trees  and  attacks  the  larger 
slash  as  well.  Although  this  fungus  usually  fruits  at  the  base  of  the  tree,  it  has 
been  found  occasionally  10  to  12  feet  high. 

The  fungi  that  infect  the  heartwood  of  dead  standing  trees  are  in  general  the 
same  species  that  decay  the  heartwood  in  living  trees.  Inasmuch  as  cultures 
of  the  important  and  common  fungi  have  been  obtained  from  trees  that  have  been 
dead  for  3H,  8,  12,  15,  and  25  year  periods  and  seasoned  on  the  stump,  it  is  be- 
lieved that  these  heart-rotting  fungi  can  continue  to  decay  the  heartwood  after 
the  timber  is  cut.  This  fact  is  particularly  important,  in  that  such  fungi  may 
continue  to  develop  in  set  pole  timbers  if  conditions  are  favorable  for  the  growth 
of  the  heart-rotting  fungus  in  chestnut. 

Polyporus  spraguei  and  P.  pilotae  produce  much  of  the  decay  in  the  deadwood 
and  are  contributory  causes  to  windfall  in  such  timber. 

The  many  cultures  of  mycelium  obtained  from  the  white-pocket  decay  areas 
in  the  upper  parts  of  the  trunk  indicate  that  P.  pilotae  decays  much  of  the  wood 
in  the  upper  part  of  the  bole  in  dead  standing  trees. 

Additional  or  new  infection  of  heartwood  in  decorticated  trees  may  be  initiated 
in  the  large  checks  in  which  moisture  may  accumulate. 

CHECKING   IN    DEAD    STANDING    TIMBER 

Although  chestnut  heartwood  is  unusually  durable,  it  is  subject  to 
severe  checking  when  allowed  to  die  and  season  on  the  stump.  Ob- 
servations on  the  permanent  and  temporary  plots  indicate  that 
damaging  checks  do  not  ordinarily  appear  while  the  bark  remains  on 
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the  bole.  The  degree  of  checking  seems  to  vary  greatly  in  trees  of 
the  same  size,  even  on  similar  sites.  One  to  three  checks  usually  run 
deep  into  the  heartwood,  occasionally  extending  the  entire  radial 
distance.  In  small  trees  two  radial  checks  frequently  join  so  as  to 
spht  practically  the  entire  bole  into  two  parts,  which  may  render  it 
unmerchantable  for  poles  or  lumber. 

In  Table  1 1  the  depth  of  the  deepest  check  represents  the  deepest 
measurement  that  could  be  found  on  that  check,  while  the  depth  at 
breastheight  is  the  average  depth  of  all  checks  over  1  foot  long  occur- 
ring at  4K  feet  above  ground.  The  data  in  Table  12  were  taken  on 
trees  that  had  been  felled  and  bucked  at  measured  lengths.  The 
-check  measurements  were  made  as  described  on  page  4.  It  was 
observed  that  in  hot,  dry  weather  the  depth  of  the  checks  oftentimes 
increased  one-fourth  to  one-half  an  inch  within  24  hours  after  buck- 
ing, but  this  did  not  continue  appreciably  after  the  first  day.  Ordi- 
narily the  point  is  of  Httle  or  no  practical  importance,  since  the  result- 
ing fissures  are  negligible  in  thickness  and  probably  do  not  extend 
more  than  an  inch  or  two  longitudinally  beyond  the  cut  face. 


Table  11.- 


■Degree  of  checking  measured  on  standing  and  wind-thrown  chestnut 
trees  ^ 


Trees 

Trees 

wind 

thrown 

First  16-foot  log 

Time  dead  (years) 

Deepest  check 

Checks  over  1  foot 
long 

Length 

Depth 

Average 
depth  at 
breast- 
height 

Average 
length 

4TtolO 

Number 
184 
198 
402 
289 
27 

Per  cent 
1.1 
37.9 
18.9 
77.3 
93.0 

Feet 
5.3 
6  6 
6.8 
7.9 
12.3 

Inches 
2.2 
2.3 
2.4 
2.4 
2.6 

Inches 
1.2 
1.3 
1.6 
1.4 
1.8 

Feet 
2.5 

11  to  15 

3.7 

16  to  20 

4.4 

28  to  30 

4.1 

40 

6.2 

» Depth  of  checks  was  determined  by  Inserting  a  thin  celluloid  rule  into  the  crevice.    Many  checks 
wrerelactually  one-half  an  inch  deeper  than  the  measurements  shown  by  the  thin  rule. 

Table  12. — Degree  of  checking  measured  on  bucked  chestnut  trees 


Time  dead  (years) 

Trees 

Checks  over  1  foot 
long  at  stump 

Checks  over  1  foot 
long  at  12  to  16 
feet 

Checks  over  1  foot 
long  at  32  feet 

Deepest 

Average 
depth 

Deepest 

Average 
depth 

Deepest 

Average 
depth 

3  to  10 

Number 
66 

116 
47 

108 

Inches 
L8 
2.3 
2.8 
3.0 

Inches 
0.9 
1.5 
L7 
1.9 

Inches 
2.1 
2  9 
3.9 
3.5 

Inches 
1.5 
1.8 
2.1 
2.0 

Inches 
1.9 
2.1 
3.3 
2.9 

Inches 
1.4 

11  to  15 

1.5 

18^to  20 

1  7 

26  to  30 

1.7 

A  comparison  of  Tables  11  and  12  indicates  that  the  most  serious 
checking  occurs  during  the  first  10  years  after  death  and  that  the 
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increase  for  the  following  20  years  is  comparatively  small.     Nellis/*^ 
in  studying  deterioration  of  chestnut  in  the  North,  states : 

During  the  fifth  year  (after  death)  the  bark  usually  falls  from  the  trunk,  and 
the  rotted  sapwood,  which  is  full  of  insect  burrows,  dries  out  and  starts  to  peel  off. 
On  Long  Island  the  sapwood  was  off  all  trees  which  had  been  dead  seven  years. 
The  heartwood  was  hard  and  sound,  but  all  trees  under  18  inches  in  diameter 
were  so  badly  checked  as  to  be  unmerchantable.  Checking  starts  in  small  trees 
in  the  second  year,  and  in  all  trees  it  is  rapid  from  the  fifth  year  on. 

This  agrees  with  observations  in  the  southern  AppalachianSj'^in 
that  checking  is  not  serious  while  the  bark  remains  on  the  tree,  but 
follows  rapidly  after  decortication.  The  permanent  and  temporary 
plot  records  show  that  it  is  negligible  on  the  first  log  up  to  the  seventh 
year  after  death,  but  takes  place  very  rapidly  in  the  following  three 
years.  An  explanation  of  the  unusually  shallow  checks  at  stump 
height  in  the  trees  dead  3  to  10  years  as  shown  in  Table  12  may  be 


Figure  4.— Distribution  of  largest  checks  measured 

that  38  per  cent  of  the  trees  had  been  dead  less  than  7  years,  in  con- 
trast with  the  18  per  cent  in  the  corresponding  class  in  Table  11. 

On  practically  all  trees  the  checks  were  distributed  evenly  over  the 
circumference  of  the  bole.  It  is  interesting  to  note  in  Figure  4, 
however,  that  only  13  per  cent  of  the  largest  checks  occurred  on  the 
north  side,  whereas  64  per  cent  were  to  the  east  and  south  sides. 
Table  12  indicates  that  checks  on  the  small  end  of  the  first  log  will 
range  from  1.5  to  2  inches  in  depth.  This  may  be  equivalent  to  a 
reduction  in  diameter  of  3  to  4  inches  where  trees  are  to  be  sawed  into 
lumber. 

LOSS   AND   SALVAGE 

The  actual  losses  resulting  in  the  deterioration  of  blight-killed 
timber  in  the  southern  Appalachians  must  be  measured  in  terms  of 

"  Nelus,  J.  C.    Op.  cit»    (See  footnote  4.) 
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product.  The  sapwood  is  largely  disintegrated  in  southern  chestnut 
by  the  end  of  the  second  year  after  death,  and  in  trees  that  are  slowly 
killed  by  the  blight  decay  is  evidenced  on  parts  of  the  trunk  before 
the  tree  is  dead.  The  loss  of  sapwood  from  that  part  of  the  tree  which 
would  be  below  the  ground  line  if  used  for  pole  timber  makes  it  imprac- 
ticable to  utilize  the  attacked  wood  for  treated  poles,  because  the 
heartwood  of  chestnut  is  practically  impervious  to  liquid  preservatives. 
On  the  exposed  parts  of  the  butt-treated  pole  this  makes  little  differ- 
ence and  in  most  cases  is  desirable,  as  climbing  is  rather  difficult  so 
long  as  the  decaying  sapwood  persists. 

It  might  seem  that  decay  in  southern  chestnut  would  progress  more 
rapidly  than  that  observed  in  such  timber  farther  north,  and  par- 
ticularly so  because  of  the  apparently  more  favorable  conditions  for 
fungous  growth.  These  studies  indicate  that  there  is  little  difference 
in  the  rate  of  sapwood  decay  in  northern  and  southern  chestnut. 
Decay  proceeds  rapidly  in  both  regions  as  long  as  the  bark  is  retained. 

Although  it  was  observed  that  southern  blight-killed  chestnut 
retains  its  bark  for  varying  periods,  it  was  found  in  general  that  the 
bark  and  sapwood  are  lost  for  utilization  purposes  after  the  third 
year.  The  volume  reductions  in  this  instance  are  considerable  for 
cord  wood.  Fortunately  the  sapwood  in  chestnut  is  narrow,  which 
justifies  the  statement  by  Nellis  ^®  that  '*for  sawed  products  (lumber 
dimension  stuff,  sawed  ties,  switch  timbers,  sawed  fence  posts, 
shingles,  and  slack  staves  and  heading)  sapwood  injury  may  be  dis- 
regarded, as  it  will  slab  off." 

The  heartwood  of  chestnut  remains  sound  on  the  stump  for  at 
least  25  years  on  some  areas,  and  lumber  has  been  manufactured  out 
of  southern  chestnut  that  has  been  killed  10  years  previous  to  the 
time  of  felling.  These  studies  emphasize  the  already  well-established 
fact  that  chestnut  heartwood  is  very  durable.  Because  of  its  excellent 
decay-resisting  qualities,  prolonged  standing  of  the  dead  timber  does 
not  exclude  the  continued  use  of  this  species  for  many  purposes. 
Furthermore,  as  there  is  a  sufficient  quantity  of  chestnut  to  meet 
commercial  demands,  it  is  evident  that  there  is  no  reason,  for  the 
present  at  least,  for  users  of  many  chestnut  products  to  turn  to  other 
species.  Trees  that  have  been  dead  for  10  or  more  years,  however, 
are  subject  to  wind  throw.  In  such  wdnd-thrown  timber  deterioration 
progresses  much  more  rapidly  than  it  does  in  standing  timber. 

The  type  of  products  obtained  from  future  sales  of  blight-killed 
chestnut  are  in  part  dependent  upon  cull  percentages,  due  to  heart 
rots  and  wind-shake  already  in  the  tree.  If,  however,  the  tree  is  sound 
at  the  time  of  being  killed  by  the  blight,  in  all  probability  there  will  be 
little  or  no  loss  in  volume  from  center  rot  for  the  first  10  years  after 
death.  Although  the  prevalence  of  heart  rot  may  vary  widely  with 
different  stands,  decay  seems  to  be  a  more  common  defect  in  the 
stumps  and  first  logs  than  in  any  other  part  of  the  tree.  On  areas 
where  the  timber  is  largely  defective  through  wind-shake  and  rot, 
lumbering  is  economically  impossible.  Under  favorable  economic 
conditions  this  southern  timber  can  be  manufactured  into  extract, 
provided  long  hauls  to  the  railroad  are  not  necessary. 

Nelson  and  Gravatt  ^^  have  found  that  according  to  the  method  of 
analysis  used  (official  method)  the  loss  of  tannin  through  the  action 

i«  Nelus,  J.  C.    Op.  cit.    (See  footnote  4.) 

»  Nelson,  R.  M.,  and  Gravatt,  Q.  F.    Op.  cit.    (See  footnote  6.) 
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of  decay-producing  fungi  is  not  great.  They  were  also  unable  to 
find  any  marked  correlation  between  tannin  content  and  length  of 
period  dead,  and  so  far  as  tannin  content  alone  is  concerned  they  state 
that  trees  can  be  profitably  used  for  the  manufacture  of  extract  until 
decay  makes  them  unfit  for  handling.  Many  of  their  samples  were 
collected  from  trees  used  in  the  present  work  for  the  study  of  heart- 
wood  decay  and  checking. 

Checking  is  responsible  for  the  rejection  of  much  timber  that  would 
otherwise  be  suitable  for  poles  and  lumber.  Checks  may  also  reduce 
the  merchantable  volume  of  saw  logs.  An  accurate  estimate  of  this 
reduction  would  be  impossible  from  the  figures  at  hand. 

SUMMARY   AND    CONCLUSIONS 

Owing  to  the  irregular  rate  of  killing  along  the  longitudinal  axis  of  a 
tree,  it  becomes  impossible  to  obtain  a  wholly  satisfactory  starting 
point  from  which  to  study  the  deterioration  of  blight-killed  timber. 
If  death  is  considered  to  occur  when  the  last  tissue  above  stump 
height  is  killed,  the  condition  of  the'upper  parts  of  a  tree  is  a  poor 
criterion  for  judging  the  time  of  death. 

By  the  third  year  after  death  96  per  cent  of  the  sapwood  of  the 
first  log  has  decayed,  and  there  is  almost  an  equal  area  of  loosened 
bark. 

By  the  fourth  year  after  death  the  sapwood  and  bark  are  lost  for 
utilization  purposes.  A  large  part  of  the  bark,  however,  may  hang 
on  until  the  seventh  year  and  thus  form  a  protection  against  severe 
checking  up  to  that  time. 

The  sapwood  averages  about  one-fourth  of  an  inch  in  thickness  and 
is  largely  decayed  by  the  fifth  year  after  death.  Following  decay,  of 
the  sapwood,  the  heartwood  in  standing  trees  probably  does  not 
deteriorate  more  than  an  eighth  of  an  inch  from  the  outside  in  20  or 
30  years. 

The  percentage  of  volume  loss  from  sapwood  decay  and  bark  falling 
increases  inversely  to  the  diameter  of  the  tree  and  does  not  exceed  20 
per  cent  of  the  actual  cubic  volume  of  wood  and  bark  in  trees  over 
16  inches  d.  b.  h.     This  loss  is  negligible  for  saw  timber. 

The  heartwood  in  chestnut  slash,  whether  on  or  off  the  ground, 
remains  sound  for  many  years,  and  pieces  3  inches  or  over  in  diameter 
constitute  a  long-time  fire  hazard. 

Several  of  the  important  fungi  that  decay  slash  in  the  forest  are 
also  the  important  fungi  attacking  the  sapwood  of  standing  trees. 
Polystictus  pargamenus  and  Polyporus  gilvus  are  especially  active  in 
destroying  the  sapwood  of  both  standing  blight-killed  chestnut  and 
fallen  or  structural  timbers  that  still  retain  the  bark.  Polystictus 
hirsutus  and  Polyporus  cinnabarinus  are  very  common  on  slash. 

Polyporus  spraguei,  P.  sulphureus,  and  in  some  of  the  northern 
sections  of  the  Appalachians  Daedalea  quercina  destroy  the  heartwood 
of  standing  timber  and  also  attack  the  larger  pieces  of  slash  in  the 
forest  as  well  as  structural  timbers. 

The  viable  cultures  of  Polyporus  pilotae,  which  were  obtained  from 
trees  that  had  been  in  a  dead  standing  condition  for  12  or  more  years, 
indicate  that  this  heart-rotting  fungus  found  in  green  chestnut  may 
continue  to  decay  the  heartwood  after  the  death  of  the  tree.  This 
fact  is  particularly  important  in  that  such  a  fungus  may  continue  to  de- 
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velop  in  set  pole  timbers,  if  conditions  are  favorable  for  the  growth  of 
the  heart-rotting  fungus  in  chestnut.  It  is  also  possible  that  P.  pilotae 
may  infect  dead  standing  timber.  Other  fungi  resembling  the  mycelia 
of  P.  spraguei  and  P.  sulphureus  were  obtained  from  dead  standing 
timber. 

There  is  no  relation  between  the  number  of  decayed  dead  standing 
trees  and  the  number  of  years  such  trees  have  been  dead.  The  rate 
of  heartwood  decay  in  timber  seasoned  on  the  stump,  however,  may 
be  very  slow.  On  one  area  studied,  over  70  per  cent  of  the  first 
logs  and  83  per  cent  of  the  second  logs  were  sound,  even  though  the 
trees  had  been  dead  for  25  years. 

Few  areas  are  known  on  which  dead  trees  have  been  standing  for 
more  than  30  years.  After  the  trees  are  wind  thrown  the  progress  of 
decay  is  more  rapid  than  in  dead  standing  timber.  On  one  area  only 
12  per  cent  of  the  first  logs  and  29  per  cent  of  the  second  logs  were 
sound  in  such  windfallen  trees.  This  30-year  dead  timber  had  been 
on  the  ground  for  approximately  10  years. 

Although  heartwood  decay  is  common  in  both  living  and  dead 
chestnut,  it  is  not  generally  extensive  enough  in  the  individual  trees 
to  prevent  utilization.  Timber  left  standing  for  one  year  after  death 
is  nearly  as  good  as  green  timber  for  treated  poles,  and  fortunately 
such  pole  timbers  can  be  salvaged  from  the  stand  two  and  sometimes 
three  years  after  death.  It  is  possible  to  manufacture  lumber  from 
dead  standing  chestnut  for  at  least  four  years  after  the  death  of  the 
tree,  and  10  or  more  years  on  some  areas.  The  use  of  chestnut  in 
the  manufacture  of  pulp  and  extract  wood  affords  an  outlet  for  much 
of  the  bhght-killed  timber.  It  was  pointed  out  that  tests  made  on 
some  wood  observed  for  these  decay  studies  indicated  that  the  per- 
centage of  tannin  in  trees  which  had  been  dead  25  to  30  years  is  not 
materially  less  than  that  in  living  chestnut.  Defect  is  most  prevalent 
in  the  basal  sections  of  the  tree.  Ordinarily  much  of  this  defect 
may  be  butted  off  and  the  wood  surrounding  the  doaty  or  hollow 
portions  can  be  utilized  by  extract  plants. 

Checking  takes  place  most  rapidly  after  decortication,  i.  e.,  between 
6  and  10  years  after  death,  and  may  reduce  the  volume  and  quality 
of  lumber,  especially  in  the  smaller  timber  classes. 
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INTRODUCTION 

This  bulletin  summarizes  the  results  of  30  years'  study  of  the 
fungous  diseases  of  the  cultivated  cranberry  {Vaccinium  macro- 
car  pon  Ait.).^  At  various  times  during  the  progress  of  these  investi- 
gations results  have  been  published  in  bulletins  of  the  United  States 
Department  of  Agriculture,  in  bulletins  of  the  experiment  stations 
with  which  cooperative  investigations  were  in  progress,  in  scientific 
journals,  and  in  the  proceedings  of  the  various  cranberry  growers' 
associations.  An  attempt  is  here  made  to  assemble  all  this  informa- 
tion. 

In  addition  to  compiling  the  material  already  published,  the  results 
of  recent  unpublished  work  are  included.  The  descriptive  list  of 
fungi  includes  all  that  are  known  to  cause  diseases  of  the  cranberry 
as  well  as  such  additional  species  as  have  been  identified  since  the 
last  general  publication  on  cranberry  fungi  appeared. 

As  this  summary  of  work  on  fungous  diseases  of  the  cranberry  is 
designed  for  reference,  the  material  is  presented  from  three  more  or 

1  It  is  a  pleasure  to  acknowledge  the  assistance  received  during  the  progress  of  this 
work  from  a  large  number  of  those  commercially  interested  in  cranberries,  both  growers 
and  those  associated  with  sales  organizations.  Special  thanks  are  also  due  the  authorities 
of  experiment  stations  and  the  departments  of  agriculture  in  the  cranberry-producing 
States,  whose  cordial  cooperation  has  made  it  possible  to  study  cranberry  diseases  on  a 
national  scale. 
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less  distinct  points  of  view,  represented  by  separate  sections  of  the 
bulletin.  The  sections  differ  not  only  in  content  but  in  method  of 
presentation,  and  are  designed  for  somewhat  different  classes  of 
readers.  Those  who  are  chiefly  interested  in  cranberry  diseases  and 
their  control  will  read  first  the  pathological  section,  pages  40  to  51, 
with  such  references  to  the  other  parts  as  may  seem  worth  while.  The 
section  on  physiology  of  rot  fungi  contains  material  of  interest 
chiefly  to  students  oi  the  physiology,  distribution,  and  ecology  of 
fungi,  and  to  those  concerned  with  the  fungous  diseases  of  fruits. 
The  taxonomic  section  is  made  up  chiefly  of  illustrated  descriptions 
of  fungi  known  to  occur  on  the  cranberry.  It  is  hoped  that  this  will 
be  useful  to  those  who  wish  to  identify  cranberry  fungi  or  related 
species. 

TAXONOMY 

For  convenience  in  reference,  the  fungi  discussed  in  this  bulletin 
are  divided  into  three  groups^ — ^the  important  fungous  rots,  those 
fungi  causing  vine  diseases,  and  fungi  found  on  cranberries  but  not 
now  known  to  be  of  commercial  importance.  Obviously,  this  division 
is  highly  artificial. 

Group  1  contains  fungi  which  have  become  recognized  as  major 
causes  of  fruit  rot.  These  rot  fungi  have  been  more  intensively 
studied  than  the  others,  and  the  discussions  on  physiology  and 
pathology  relate  chiefly  to  them.  Group  2  contains  fungi  known  to 
cause  vine  diseases  of  cranberries.  The  fungi  in  Groups  1  and  2  are 
arranged  in  the  order  of  their  importance.  The  third  group  is  made 
up  of  fungi  found  on  cranberries,  on  either  leaves  or  stems  of  grow- 
ing plants,  on  dead  plant  parts,  or  isolated  occasionally  from  decayed 
berries,  but  which  are  apparently  of  no  commercial  importance.  The 
fungi  in  Group  3  are  arranged  alphabetically  under  the  headings 
Ascomycetes,  Uredineae,  and  Fungi  Imperfecti.  Probably  no  justifi- 
cation is  needed  for  including  descriptions  of  such  fungi  in  a  bulletin 
of  this  type.  It  may  almost  be  said  that  any  fungus  that  grows  on  a 
cultivated  host  is  worthy  of  study  even  from  a  purely  practical  view- 
point. Changed  conditions  of  culture  or  even  a  new  point  of  view  in 
the  study  of  disease  may  wholly  change  our  estimate  as  to  the  signifi- 
cance of  some  of  these  fungi.  For  example,  at  the  time  of  the  first 
publication  on  the  subject  of  cranberry  diseases  (61),  no  mention 
was  made  of  a  fungtis  which  had  appeared  a  few  times  in  cultures 
from  rotten  cranberries  and  was  characterized  by  an  abundant  yel- 
low mycelial  growth.  The  extension  of  our  studies  of  the  cranberry 
to  include  the  storage  period  and  a  more  intensive  study  of  northern 
cranberry-growing  regions  has  demonstrated  that  this,  the  end-rot 
fungus,  is  commercially  the  most  important  fungus  now  known  to 
affect  cranberries. 

IMPORTANT  ROT  FUNGI 

Godronia  cassandrae  Teck,  1886   (-'/O,  p.  50)' 

Synonyms : 

Pycnidia:  Dothiopsis  myrtilU  Feltg.,  1903  {19,  p.  285-286). 
Leptothyrium  oxycocci  Shear,  1907  (6'0,  p.  Sll). 
Fusicoccvm  putrefaciens  Shear,  1917  {62,  6//). 
Sirexcipulma  myrtilli  (Feltg.)  Petrak,  1924  (^5,  p.  37-39). 

-  Italic  numbers  in  parenthpiJes  refer  to  Literature  Cited,  p.  52. 
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Pycnidia. — Subglobose  to  pyriform,  rather  thick-walled,  more  or  less  rough- 
ened, tawny  to  tawny  brownish,  embedded  at  first,  becoming  erumpent  or  sub- 
superficial  when  mature,  sessile  or  subsessile,  simple  or  irregularly  chambered 
forms  160-400  fi  in  diameter,  larger  chambered  forms  400-450  fi ;  spores  elliptic 
to  fusiform,  hyaline  or  very  faintly  yellowish  in  mass,  continuous  or  pseudo- 
septate,  8-18  by  2-3  fi,  mostly  10-12  by  2.5  fi ;  sporophores  simple  or  branched, 
cjdindrical  or  somewhat  tapering  above,  20-36  by  2  fi.     (Fig.  1.) 


Figure  1. — Oodronia  cassandrae, 
pycnidial  stage :  A,  Section  of 
young  pycnidium  on  cranberry, 
X  481/^  ;  B.  section  of  nearly 
mature  .pycnidium,  X  43%  ;  C, 
sporophores,  X  420 ;  D,  pyc- 
nospores,  X  420;  E,  sporo- 
phores and  spores  in  culture 
on  Melilotus  stem,  X  420;  P, 
section  of  pycnidium  from  corn- 
meal  agar  culture,  X  43%. 
After   Shear    (6/) 


Figure  2. — Oodronia  cassandrae,  apo- 
thecial  stage ;  A,  Apothecia  on  mum- 
mied cranberry,  X  6 ;  B,  section  of 
apothecium  on  cranberry  stem,  X 
56 ;  C,  asci  and  paraphyses,  X  430 ; 
D,  mature  and  germinating  asco- 
spores,  X  318.  After  Shear  and 
Bain  (6^) 


Apothecia. — Small,  on  cranberry  and  Cassandra  stems  0.5-0.7  mm.  in  di- 
ameter, on  cranberry  fruits  0.5-1.8  mm. ;  sessile  or  nearly  so,  depressed,  urceo- 
late,  tawny  brown,  the  hymenium  whitish  or  livid  when  moist,  darker  when  dry, 
margin  entire  or  slightly  dentate-lacerate,  almost  closed  when  dry ;  asci  cylin- 
drical, 58-117  by  5-10  fi;  spores  hyaline,  filiform,  nearly  straight,  4-7,  mostly 
6-7  septate  when  mature,  nearly  straight,  50-70  fi  long;  paraphyses  filiform, 
numerous,  exceeding  the  asci,  often  branching  toward  the  apex.     (Fig.  2.) 
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(64),  Karner,  N.  Y.,  August,  1885, 


Tvpe  specimen. — On  Cassandni,  calyculata  ^ 
in  New  York  State  Museum. 

Specimens  examined. — On  Vaccinium  mmyrocarpon  and  Casso/ndra  calyculata 
in  mycologieal  collections,  Bureau  of  Plant  Industry;  on  V.  myrtUlus  Petrak, 
No.  1609. 

Cultural  clmracters. — On  corn-meal  agar  in  Petri  dishes,  colonies  12  days  old, 
observed  by  transmitted  light,  are  white  at  the  margin,  passing  through  pale 
lemon  yellow  and  yellow  chrome  to  orange  citrine  at  the  center,  and  when  older 
on  slant  agar  tubes  of  this  medium  became  La  France  pink  to  Mars  orange.* 
On  sterilized  stems  of  Melilotus  alba,  the  growth  passes  through  the  same  shades 
during  its  early  development,  but  finally  becomes  nopal  red  or  even  garnet 

brown  in  spots.  The  pycnidial 
fruiting  stage  alone  has  been  pro- 
duced in  cultures. 

Hosts.  —  Vaccinmm  m^icrocarpon, 
V.  vitis-idaea,  V.  oxycocoos,  V.  caes- 
pitosum,  V.  myrtillus,  and  Cassan^ 
dra  calyculata. 

Oeoffraphicaldlstrihution. — Maine, 
Massachusetts,  New  York,  New  Jer- 
sey, North  Carolina,  Michigan,  Wis- 
consin, Oregon,  Washington,  Alaska, 
and  Bohemia. 

Pathological  relation. — ^The  cause 
of  end  rot,  the  most  important  stor- 
age rot  of  the  cranberry.  Typically 
a  late  storage  rot. 

Guifimardia  vaccinii  Shear,  1907  (60,  p.  S16) 

Synonyms : 
Described  and  figures  without  a 
name,  B.  D.  Halsted,  1889  (30, 
p.  33^5). 
Described  and  figured  without  a 
specific  name  by  0.  L.   Shear, 
1905  (59,  p.  6,  figs.  1-J,). 
Mycosphaerella  oxycocci  Dearness 

and  House,  1923  (i5,  p.  76). 
Pycnidda. — Minute,  black,  mem- 
branous, globose,  100-120  fi  in 
diameter,  with  a  minute  apical, 
sometimes  slightly  prominent  os- 
tiole,  subepidermal,  usually  hypo- 
phyllous,  slightly  erumpent  with 
minute  ostiole  exposed,  thickly  and 
evenly  distributed  over  surface; 
spores  hyaline,  obovoid  with  apex 
frequently  truncate,  10.5-13.5  by 
5-6  fi,  coarsely  granular,  bearing  at 
apex  a  rather  inconspicuous  curved 
appendage  consisting  of  granular 
matter  embedded  in  a  gelatinous 
substance,  about  same  length  as  spore;  sporophores  simple,  10-15./*  long.  (Fig. 
3,  A,  B,  0,  D,  G.) 

Perithecia. — Resemble  pycnidia  very  closely  in  form,  size,  and  other  charac- 
teristics ;  walls  somewhat  denser  and  more  opaque  than  in  pycnidia ;  asci 
8-spored,  oblong  or  somewhat  clavate,  short  stipitate  or  sessile,  60-80  by  iV-12  /* ; 
spores  hyaline  or  slightly  yellowish  brown  when  old,  short  elliptical  or 
subrhomboidal,  13-16.5  by  6-7  fx,  contents  coarsely  granular ;  paraphyses  none. 
(Fig.  3,  E,  F.) 


Figure  3. — Guignardia  vaccinii:  A,  C,  and  D, 
Pycnidia  on  fruit,  stem,  and  leaf ;  B,  section 
of  pycnldium,  X  190  ;  E,  section  of  peritne- 
cium,  X  190 ;  F,  asci,  X  545,  and  asco- 
spores,  X  1,000 ;  G,  pycnospores,  X  1,000. 
After   Shear    (61) 


8  The  equivalent  of  this  and  other  host-plant  names  mentioned  in  this  bulletin,  when 
they  differ  from  those  used  in  Standardized  Plant  Names  (i),  will  be  found  on  p.  52. 

*  RiDGWAT,   R.       COLOR  STANDAUDS   AND  COLOR   NOMENCLATURE.       43  p.,   illuS.       Washington, 

D.  C.     1912. 
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Type  specimen. — No,  1476,  G.  L.  S.,  on  leaves  of  Vaccinium  maorocarpon, 
near  Lakewood,  N.  J.,  September  4,  1904. 

Cultural  charactei's. — Grows  readily  on  corn-meal  agar  and  numerous  other 
media.  Mycelium  on  all  media  tested  at  first  thin,  floccose,  white,  becoming  in 
a  few  days  bluish  gray.  In  older  cultures  the  mycelium  spreads  concentrically 
and  becomes  grayish  brown.  Pycnidia  appear  in  from  4  to  8  days  and  mature 
pycnospores  in  from  12  to  18  days.  Pycnidia  form  a  more  or  less  continuous 
layer  on  the  surface  of  the  somewhat  felty  mycelium.  Usually  pycnidia  alone 
are  produced  in  cultures,  but  occasional  strains  occur  w^hich  may  produce  both 
pycnidia  and  perithecia. 

Hos t. — Vacomium  macrocarpon. 

Geographical  distribution. — Nova  Scotia,  Massachusetts,  New  York,  New  Jer- 
sey, West  Virginia,  Wisconsin,  Oregon,  and  Washington. 

Pathological  relations. — One  of  the  most  important  cranberry  fungi,  causing 
blast  or  blight  of  flowers  and  young  fruit  in  New  Jersey  and  early  rot  of  fruit 
in  storage  in  New  Jersey  and  Massachusetts  and  to  a  less  degree  in  Wisconsin, 
Washington,  and  Oregon. 

Glomerella  cingnlata  vaccinii  Shear,  1913  (lO,  p.  43) 

Synonym  : 

Glomerella  rufomacuMns  vaccina  Shear,  1907  {61,  p.  SOSo). 

Acervuli. — Small,  on  leaves  or  decayed  berries,  subepidermal,  erumpent  w^hen 
mature;  conidia  extruded  in  a  mass,  hyaline  or  flesh-colored,  oblong  elliptical 
or  sometimes  slightly  smaller  at  one  end,  12-18  by  4.5-6  fi ;  conidiophores  sim- 
ple, tapering  upward,  15-20  /*  long.     (Fig.  4,  A,  B,  G.) 

PeritJiecia. — Known  only  in  culture ;  submembranous,  globose  to  slightly  pear 
shaped,  usually  somewhat  buried  in  the  felty  mycelial  growth,  250-300  fj. ;  asci 
S-spored,  clavate,  sessile  or  short  stipitate,  60-72  by  10-12  fi ;  ascospores  irregu- 
larly biseriate,  oblong  elliptical,  occasionally  slightly  inequilateral  or  cui*ved, 
hyaline  a,t  first,  pale  greenish  yellow  when  fully  mature,  9-18  by  5-7.5  /*; 
paraphyses  none.     (Fig.  4,  D,  E.) 

Type  specimen. — Slide  No.  1447-A,  C.  L.  S.,  from  culture  from  single  as- 
cospore.  Original  source  of  material  was  leaves  of  Vaccinium.  macrocarpon 
from  New  Jersey. 

Cultural  characters.— Grows  rapidly  on  corn-meal  agar,  producing  rather 
dense  white  mycelium  which  eventually  forms  a  compact  layer.  Acervuli  begin 
to  appear  in  three  to  four  days  at  room  temperature. 

Host. — Vacciniufti  macrocarpon. 

Geographical,  distribution. — Massachusetts,  New  Jersey,  Wisconsin,  Oregon, 
and  Washington. 

Pathological  relations. — Causes  bitter  rot  of  cranberry  fruit,  which  in  some 
seasons  is  an  important  storage  rot  in  Massachusetts  and  New  Jersey;  less 
common  in  Wisconsin  and  in  the  Pacific  coast  cranberry  district. 

Acanthorhyncus  vaccinii  Shear,  1907  {60,  p.  3H) 

Imperfect  stage. — None  known. 

Perithecia-. — Hypophyllous,  scattered,  depressed  globose  to  pyriform,  subepi- 
dermal, 300-400  At  in  diameter,  ostiole  erumpent;  beak  with  black  nonseptate 
spines  50-70  by  8-9  /a  at  the  base;  wall  of  perithecium  membranous,  consisting 
of  a  single  layer  of  cells;  asci  8-spored,  clavate,  short-stipitate,  136-180  by 
30-48  /a;  paraphyses  stout,  septate,  occasionally  branching  near  ends,  200-340 
by  5-8  fi;  ascospores  biseriate  or  irregularly  uniseriate,  hyaline  until  almost 
mature,  pale  yellowish  brown  when  mature,  oblong  elliptical,  densely  granular, 
27-36  by  12-20  jx.     (Fig,  5.) 

Type  specimen. — No.  1493,  C,  L.  S.,  on  leaves  of  Vaccinium  macrocarpon. 
West  Mills,  N.  J.,  September,  1901. 

Cultural  characters. — Grows  readily  on  corn-meal  agar,  forming  a  rather 
close  white  layer.  The  mycelium  later  assumes  a  uniform  dirty  ochraceous 
color,  which  is  soon  followed  by  the  development  of  the  dark  perithecia,  dis- 
tributed more  or  less  uniformly  over  the  surface  of  the  culture  medium,  and 
partly  covered  by  the  mycelium.  Mature  perithecia  are  produced  at  room  tem- 
perature within  14  to  30  days. 

Host. — Vaecinimn  macrocarpon. 

Geographical  distribution. — Nova  Scotia,  Massachusetts,  New  Jersey,  West 
Virginia,  Wisconsin,  Oregon,  and  Washington. 
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Figure  4. — Olomerella  cingu- 
lata  vaGcinii:  A,  Acervulus 
on  cranberry  leaf,  X  400  ;  B, 
conidia,  X  800;  C,  conidio- 
phores  and  setae,  X  400  ;  D, 
asci,  X  400,  and  ascospores, 
X  800;  E,  perithecium,  X 
80.     After  Shear    (6i) 


FiGUBE  5. — AcanthorJiyncus  vaccinU: 
A,  l*erithecium.  X  70 ;  B,  asco- 
spores, X  540 ;  C,  appressoria  at- 
tached to  cranberry  leaf ;  D ;  pro- 
truding neck  of  perithecium  on  leaf, 
X  35 ;  E,  asci  and  paraphyses,  X 
200 ;  F,  germinating  approssorium. 
After  Shear  {61) 


FUNGOUS  DISEASES   OF   THE    CULTIVATED   CRANBERRY  7 

Pathological  relations. — The  cause  of  blotch  rot,  a  common  storage  rot  of 
cranberries  in  New  Jersey,  less  important  in  Massachusetts,  Wisconsin,  and 
the  Pacific  coast  districts. 


Diaporthe  vaccinii  Shear,  n.  sp. 

Synonym  : 

Pyc7iidia:  Phomopsis  vaccina,  u.  f.  nom. 

Pycnidia. — Vary  in  size  and  shape  with  the  substratum  on  which  the  fungus 
is  grown,  from  about  0.3-0.5  mm.  in  diameter  on  cranberry  fruit  to  1-2  mm. 
in  corn-meal  and  potat(^dextrose  agar  cul- 
tures; pycnidia  in  agar  cultures  partly  em- 
bedded, thick-walled,  black,  leathery,  usually 


Figure  6. — Diaporthe  vaccinii;  pho- 
mopsis stage :  A,  Pycnospores  and 
scolf  oospores,  X  350 ;  B.  sporo- 
phores  and  section  of  pycnidial 
wall,  X  350 ;  C,  pycnidia  on  Meli- 
lotus  stem,  X  21 ;  D,  section  of 
pycnidium  from  corn-meal  agar 
culture,    X    21 

^^^^     jg^l        /)  chambered,   rupturing  irregularly  to  emit 

G^  f\  W^      (a  whitish     or     slightly    pinkish     masses     of 

spores ;  spores  hyaline,  1-celled,  long-elliptic, 
typically  with  two  prominent  oil  globules, 
6-11  by  2-5  fi ;  sporophores  simple,  tapering 
toward  apex,  somewhat  spindle  shaped, 
about  15-25  fi  long  in  young  pycnidia,  some- 
what longer  in  older  pycnidia;  scoleco- 
spores  observed  but  once,  in  culture  grown 
on  boxelder  twig,  abundant,  14-20  by  0.35  m, 
usually  hamate.     (Fig.  6.) 

Perithecia. — In  stromata  on  cranberry 
perithecia  on  cranberry,  fruit,  f mit  and  in  culture,  but  separate  and  with- 
U ,  B,  section  of  penthecium  on      ^^^  ^^^  ^^^^^  ^^  ^^^^^^  ^^  ^^^^  Cranberry 

vines;  perithecia  on  stems  grow  between 
bark  and  wood,  w^ith  eccentric  neck  pro- 
truding through  the  bark,  nearly  hemi- 
spherical, 0.3-0.5  by  0.2-0.4  mm. ;  wall  two  to  several  cell  layers  thick,  black, 
carbonous ;  on  decayed  berries  perithecia  in  stromata,  with  long  perithecial  necks 
protruding  in  all  directions  from  folds  of  the  shriveled  berry ;  in  corn-meal  agar 
cultures  perithecial  stromata  are  partly  embedded,  about  1.5-2  mm.  in  diam- 
eter, with  numerous  beaks  growing  to  a  length  of  0.5  mm. ;  perithecial  necks 
several  cells  thick,  heavy-walled,  black,  carbonous,  copiously  supplied  with 
upward-directed  hairs;  asci  oblong  fusoid,  sessile,  37-51  by  6.8-11.7  /*,  apex 
thickened  and  pierced  by  a  narrow  pore ;  spores  irregularly  biseriate,  ellipsoid, 
obtuse,  2-celled,  slightly  constricted  at  the  septum,  each  cell  typically  bigut- 
tulate,  8.S-11.8  by  2.4r-3.4  fjL.     (Fig.  7.) 


Figure   7. — Diaporthe  vaccinii 
thecial  stage :  A,   Section   of 


peri- 
roup 


of 

X  54  ;  JB,  section  of  pe 

cranberry    stem,     X     68 ;    C,    asci, 

ascospores,    and    germinating    asco- 

spores,   X  680 
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Tj/pe  specimen. — On  Vacdnium  macrocarpon,  Clatsop,  Oreg.,  collected  by 
H.  F.  Bain,  1924.  Deposited  in  mycological  collections,  Bureau  of  Plant 
Industry. 

Cultural  characters. — On  corn-meal  agar  growth  is  white,  closely  appressed 
over  most  of  surface,  but  with  a  few  small  patches  of  denser  white  aerial 
mycelium  from  1-2  mm.  in  diameter,  which  eventually  develop  into  thick, 
tough  stromalike  bodies,  black  on  the  exterior,  partly  embedded  in  substratum, 
in  which  both  pycnidia  and,  more  rarely,  perithecia,  are  formed.  Melilotus 
stems  furnish  the  best  medium  for  spore  production.  Growth  at  first  is  white, 
with  considerable  aerial  mycelium,  later  darkening  »nd  forming  large  areas 
of  black  leathery  tissue  in  the  bark.  Pycnospores  are  produced  within  one 
week  at  room  temperature. 

Hosts. — Vaccifdumr  macrocarpon  and  V.  oxycoccos  intermedium. 
Geographical  distril)ution. — Massachusetts,  New  Jersey,  Wisconsin,  Oregon, 
and  Washington. 

Genetic  relationship  between  Phomopsis  and  Diaporthe. — In  1924  several 
single  ascospore  isolations  from  Diaporthe,  both  from  the  stromatic  form  on 
berry  and  from  separate  perithecial  form  on  stems  of  Vaccinimn  macrocarpon 
and  V.  oxycoccos  intermediimiy  all  produced  typical  Phomopsis  colonies  and 
pycnospores  in  culture,  but  no  perithecia.  Out  of  150  cultures  of  Phomopsis 
on  corn-meal  agar  made  from  decaying  berries  in  the  fall  of  1923  and  held  over 

winter  in  an  unheated  building  in  Oregon,  33 
per  cent  produced  perithecia  by  May,  1924. 
A  fair  proportion  of  these  cultures  showed 
both  pycnidia  and  perithecia  in  the  same 
stroma.  All  other  attempts  to  induce  peri- 
thecial formation  in  culture  have  failed. 

Pathological  relations. — An  important  cause 
of  storage  rot  of  cranberries. 


loronema  oxycocci  Shear,  1907 


SOS) 


Figure  8. — Sporonema  oooycocd:  A, 
Vertical  section  from  cranberry 
leaf,  X  200 ;  B,  pycnidia  on  leaf ; 
C,  spore  and  sporophore  X  775. 
After  Shear   {61) 


Pycnidia. — Excipuliform,  thickened  at  the 
base,  gradually  disappearing  above,  arising  be- 
neath the  epidermis  and  becoming  erumpent, 
depressed  globose,  dark  brown,  gregarious  or 
scattered,  amphigenous,  50-100  fx  in  diameter, 
sometimes  collapsing,  rupturing  irregularly  by 
a  slit  or  triangular  split ;  sporophores  simple, 
oblong  or  subglobose,  about  one-fourth  the 
length  of  the  spore  or  less;  spores  hyaline, 
cylindrical,    straight,    continuous,    15-20   by 
3-4  IX  ;  contents  homogeneous.     ( Fig.  8. ) 
Type  specimen. — No.  1484,  C.  L.  S.,   (on  slide)   on  head  leaf  of  Vaccinium 
macrocarpon,  Wareham,  Mass.,  H.  J.  Franklin  collection.  May,  1906.     Also  No. 
1485,  C.  L.  S.,  Cape  Cod,  Mass.,  September,  1906,  and  No.  1486,  C.  L.  S.,  Whites- 
ville,  N.  J.,  September  2,  1904. 

Cultural  characters. — On  corn  meal,  mycelium  at  first  whitish,  forming  a 
compact  thin  layer;  later  becoming  dark  grayish  green  and  finally  dark  gray- 
ish brown  and  somewhat  mouse-colored.  Mature  pycnidia  form  about  the 
sides  of  the  flask  in  about  one  month.  Pycnidia  in  culture  are  incomplete,  con- 
sisting of  dense,  dark  pulvinate  masses  depressed  at  center  where  pycnospores 
are  borne,  and  somewhat  overgrown  by  loose  hyphae  from  about  the  margin. 
Growth  on  corn-meal  agar  similar,  but  pycnidial  production  sparse,  most  fre- 
quently occurring  about  berry  tissue  from  which  culture  is  made. 
Host. — Vaccinium  macrocarpon. 

Geographical  dAstrihution. — ^Massachusetts,   New  Jersey,  Wisconsin,  Oregon, 
and  Washington. 

Pathological  relations. — ^A  rather  common  cause  of  storage  rot  of  cranberries 
in  all  cranberry  sections. 


Ceuthospora  lunata  Shear,  1907   {60,  p.  312) 

Pyenidia. Scatterea,  depressed-pulvinate,  slightly  erumpent,  200-375  ix  in 
diameter,  irregularly  chambered  within  and  bearing  a  single  prominent  ostiole, 
walls  subcoriaceous,  irregular  in  thickness;  sporogenous  hyphae  form  a  dense, 
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Plate  I 
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of  cranberry  vines:  A  and  B,  Tip  blight  caused  by  Sclerotinia  oxycocci;  C,  rose  bloom  caused  by 
Exobasidium  oxycocci:  D,  red  leaf  spot  caused  by  Exobasidium  vaccina 
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compact,  intricate  layer,  ultimate  divisions  of  which  are  somewhat  dichotomous 
and  bear  the  short,  elliptic,  inequilateral  or  slightly  curved,  simple,  hyaline 
spores,  which  are  7-9  by  3-3.5  ii.     (Fig.  9.) 

Type  specimen, — No.  1488,  C.  L.  S.,  on  fallen  leaves  from  vines  of  Vaccinium 
macrocarpon  which  had  been  cut  and  piled  on  the  margin  of  a  cranberry  bog 
near  Whitesville,  N.  J.,  September  2,  1904 ; 
also  No.  1489,  C.  L.  S.,  on  leaves  of  dead 
vines,  Wareham,  Mass.,  September,  1902. 

Hosts. — VaccifUum  macrocarpon,  V.  hra- 
chycera. 

Geographical  distritution.  —  Massachu- 
setts, New  Jersey,  Wisconsin,  Oregon,  and 
Washington. 

Pathological  relations. — ^The  cause  of 
black  rot  of  cranberry.  Principally  a  stor- 
age rot,  more  important  in  the  Pacific  coast 
and  Wisconsin  districts  than  elsewhere. 

Pestalozzia  guepini  vaccinii  Shear,  1902 
(58,  p.  J,56-J,57) 

Synonym  : 
Pestalotia  vaccinii  (Shear)   Guba,  1929 

{29,  p.  201). 
AcervuU. — Subepidermal,  becoming  erum- 
pent,  sparsely  scattered  over  leaf,  100-250 
fi;  conidia  elliptical,  somewhat  inequilat- 
eral, usually  4-septate,  21-25  by  5.5-6.6  fi; 
3  central  cells  dark  colored,  usually  guttu- 
late;  septum  below  the  upper  cell  usually 
darker  than  others;  2  terminal  cells  hya- 
line, apical  1  with  3  or  4  filiform  setae, 
22-35  fi  long,  basal  cell  with  hyaline  ap- 
pendage 6-12  fi  long.     (Fig.  10.) 

As  the  fungus  matures  the  epidermis  ruptures,  and  the   spores  collect  in 
dark  masses  or  spread  out  and  form  a  thin  layer  about  the  acervuli. 

Type  specimen. — No.  1146,  on  dead  leaves 

of  Vaccinium  mxicrocarpon  kept  in  a  moist 

chamber  in  a  laboratory  for  about  a  week. 

Collected  at  Parkdale,  N.  J.,  by  C.  L.  Shear. 

Cultural    characters. — Grows    readily    on 

corn-meal  agar.     Mycelium  thin,  white,  at 

length   becoming   dense   and   fluffy   around 

edges   of  agar  and  on  sides   of  test  tube. 

Older  cultures  slightly  tinged  with  pinkish 

\  I  yellow    color.    A    few    conspicuous    black 

^m^r^  ^1  masses    of    spores    exuded    on    surface    of 

^^/\       \-^^^^v7^  agar    within    15    days    at    room    temper- 

D  ature. 

B.ost. — Vaccinium  macrocarpon. 
Geographical  distribution. — On  dead  leaves 
or  isolated  from  fruit  of  cranberry,  Massa- 
chusetts, New  York,  New  Jersey,  West  Vir- 
ginia, Wisconsin,  Oregon,  and  Washington. 
Pathological  relations. — An  occasional  cause  of  storage  rot  of  cranberry  in 
all  cranberry  districts. 


Figure     9. — Ceuthospora     lunata: 
Vertical    section    of    pycnidium 
cranberry  leaf,    X    '"       ^ 
ous    hyphae    and 
After  Shear    {61) 


A, 

on 

125 ;  B,  sporogen- 

spores,     X     1,500. 


~-^-^ 


Figure  10. — Pestalozzia  guepini  vac- 
cinii: A,  Acervulus,   X   70 ;  B  and 


C,  germinating  spores 
X   250.     After  ^ear 


(61) 


FUNGI  CAUSING  DISEASES  OF  CRANBERRY  VINES 

Sclerotinia  oxycocci  Wor.,  1888  {S6,  p.  23-30)^ 

ConidAa    {Monilia). — Macroconidia    limontform,    continuous,    hyaline,    14-84 
by  8.5-28  m,  borne  in  simple  dichotomously  and  trichotomously  branched  chains, 


^  With  the  permission  of  E.  E.  Honey,  the  description  of  this  fungus  is  taken  largely 
from  his  unpublished  manuscript,  A  Monograph  of  the  North  American  Monilioid  Species 
of  Sclerotinia  :  Monilinia  Species.  The  photograph  reproduced  in  Plate  2,  B,  is  also  taken 
from  this  monograph,  and  the  illustrations  in  Plate  2,  B  and  D,  are  from  photographs 
furnished  by  Doctor  Honev. 


10  TECHNICAL  BULLETIN   2  5  8,  U.  S.  DEPT.  OF  AGRICULTURE 


commonly    containing    a    central 

0 


an  indefinite  number  of  conidia  (20  to  30)  composing  a  single  chain  at 
maturity  often  having  small  slender  fusiform  disjunctors  between  adjacent 
macroconidia.     (Fig.  11,  C.)     Microconidia  small,  2.5-3  fi  in  diameter,  spherical, 

refractive  spot,  arising  directly  or  from 
short  flask-shaped  microconidiophores  on 
ascospores,  conidia,  or  mycelium  in  culture. 
Ectostroma  developed  beneath  the  epider- 
mis or  cuticle  on  shoots  (uprights)  before 
and  at  the  blossoming  period,  less  commonly 
in  the  flowers,  pedicels  and  leafstalks,  com- 
monly forming  grayish  masses  of  the  conid- 
ial  fructification  along  the  swollen  recurved 
stem  of  the  upright  during  "  hook  "  or  early 
blossom  stage  of  development.  (PI.  1,  A 
and  B.) 

Pseudosclerotia  develop  within  the  fleshy 
pericarp  of  fully  grown  fruits  as  a  result  of 
blossom  infection,  when  mature  consisting  of 
a  more  or  less  irregularly  shaped,  hollow, 
latticed  or  clathrate  entostroma  which  to 
some  extent  simulates  the  shape  of  the  nor- 
mal fruits.  The  pseudosclerotium  commonly 
remains  covered  with  the  host  cuticle  and 
epidermis  over  winter,  and  consists  of  a 
black  outer  rind  and  white  medulla  com- 
posed of  hyphae  intermingled  with  dead 
host  tissue,  giving  rise  to  apothecia  the  fol- 
lowing or  subsequent  springs.  (PI.  2,  A,  B, 
D,  and  pi.  3,  L,  N.) 

Apothecia. — One  to  several  (up  to  six) 
arising  from  the  pseudosclerotium  in  a  mum- 
mied fruit,  at  maturity  long  slender  stipi- 
tate,  cupulate,  1-6  cm.  in  height,  mummy 
brown  to  Prout's  brown,  becoming  darker, 
almost  black  toward  the  lower  portion  of  the 
stipe;  stipe  long,  slender,  smooth,  cylindri- 
cal, tapering  slightly  toward  base ;  rhizoidal 
tuft  present,  brownish  black,  well-developed, 
commonly  attached  all  around  the  stipe, 
delicate,  easily  detached  ;  disk  at  first  closed, 
becoming  cyathoid-infundibuliform,  later  pa- 
telliform  or  recurved,  up  to  1  cm.  in  diam- 
eter, commonly  5-9  mm.,  depth  3-7  mm., 
margin  very  thin  (pi.  2,  C,  E)  ;  asci  8-spored, 
eylindric-clavate,  144r-212  by  9.5-15.5  fi, 
apices  rounded,  opening  by  a  pore;  spores 
unequal  in  size,  four  functional  spores  large, 
ovoid,  ellipsoid,  continuous,  hyaline,  12-22.5 
by  6-12.5  fi  and  four  smaller  undeveloped 
spores  which  soon  disintegrate ;  distribution 
of  large  spores  with  respect  to  small  ones 
in  the  ascus  irregular;  large  (functioning) 
spores  commonly  contain  a  single  central 
refractive  spot ;  paraphyses  filiform,  septate, 
slightly  swollen  toward  the  tip,  with  a 
brownish,  slimy,  resinous  matrix  surround- 
ing the  clavate  tip.     (Fig.  11,  A,  B.) 

T^pe  locality. — Finland   (Woronin,  1888). 
Hosts. — Vaccinium  macrocarpon,  V.  oxy- 
coccos,  V.  oxycocGos  intermedium. 
Geographical  distrihution. — Maine,  Wisconsin,  Washington,  Oregon,  Finland, 
Denmark,  Germany,  Italy. 

Patholoffioal  relations. — Causes  tip  blight  of  plants  and  hard  rot  or  "cotton 
ball "  disease  of  fruits. 


Figure  11. — Sclerotinia  oxycocoi:  A, 
Asci  and  paraphyses,  X  440 ;  B, 
germinating  ascospores,  X  440 ; 
C,  mature  conidia  showing  dis- 
junctors and  germinating  conidia, 
X    440 
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Diseases  of  cranberry  fruit:  A,  Early  rot  caused  by  Guignardia  vaccinii;  B  and  C,  red-spot  disease  caused 
by  Exobasidium  vaccinii:  D,  black-spot  disease  caused  by  Mycosphaerella  nigro-maculans;  E-N,  stages 
in  the  development  of  hard  rot  caused  by  Sclerotinia  oxycocci 


Tech.  Bui.  258.  U.  S.  Dept.  of  Agriculture 


PLATE   2 


Sclerotinia  oxycocci  on  cranberry:  A,  Two  mummied  cranberries  (original);  B,  sclerotia  with 
berry  epidermis  removed  (from  E.  E.  Honey);  C,  apothecia,  showing  attachment  to  sclerotia 
(original);  D,  cranberry  upright  with  mummied  berries  attached  (from  Honey);  E,  group  of 
apothecia  in  sphagnum  moss  (from  Honey).    (All  natural  size) 
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Cranberry  fungi:  A,  Lophodermium  hypophyllum;  apothecia  on  cranberry  leaf.    X  4;  B,  Myco- 
sphaerella  nigro-maculans;  photomicrograph  of  perithecium  on  cranberry  stem.    X  775 
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Exobasidium  oxycocci  Rost.,  1885  (47,  p.  230) 

Synonym  : 

Exolasidhim  vaccinii  (FckL)  Wor.,  E.  A.  Burt,  1915  (11  p.  636,  649). 

Mycelium  stimulates  axillary  leaf  buds  to  grow  into  short  shoots  with  close, 
enlarged,  distorted,  pink  or  light  rose-colored  leaves;  basidia  elongate-clavate, 
superficial  on  affected  parts,  with  four  slender  sterigmata ;  spores  fusiform, 
slightly  curved,  hyaline,  14  by  3.5  fi,  germinating  soon  after  maturity,  becoming 
1-3  septate,  then  giving  rise  to  one  or  more  germ  tubes  producing  similar  but 
smaller  conidia.     (PL  1,  C.) 

Type  locality. — ^Denmark,  on  Oxycoccus  palustris. 

Hosts. — Vaccinium-  macrocarpon^  V,  oxycoccos  intermedium,  Oxycoccus 
pOtlustris. 

Geographical  distribution. — ^New  Hampshire,  Massachusetts,  Oregon,  Wash- 
ington, Denmark. 

Pathological  relations, — Causes  "  rose  bloom  "  of  cranberry,  a  disease  usually 
of  minor  importance. 

Exobasidium  vaccinii  (Fokl.)  Wor.,  1867 
{S5,  p.  397-4i6) 

Synonym  : 

Fusidium  vaccinii  Fckl.,  1861   (26,  p.  251). 

Mycelium  produces  hypertrophied  red  spots 
on  leaves;  basidia  similar  to  Exobasidium 
oxycocci;  spores  14-17  by  3  fi.  E.  vaccina 
and  E.  oxycocci  are  evidently  very  closely  re- 
lated and  by  some  investigators  (11)  are  re- 
garded as  forms  of  the  same  species.  The 
two  species  are  rarely  found  in  the  same  part 
of  a  bog,  and  rarely  if  ever  on  the  same  plant. 
(PI.  1,  D.) 

Type  locality. — On  Vaccinium  vitis-idaea. 
Germany. 

Hosts.— Vaccinium  macrocarpon  and  many 
other  ericaceous  plants. 

Geographical  distrihution. — Widely  distrib- 
uted in  the  United  States  and  Europe. 

Pathological  relations. — Causes  red  leaf  spot 
of  cranberry,  a  disease  of  minor  Importance. 

Mycosphaerella  nigro-maculans  Shear,  n.  sp. 

Conidia.  —  Ramularia  nigro  -  macula/ns,  n. 
f .  nom.,  grown  in  culture  from  single  ascospore 
isolations;  conidiophores  ascending  or  erect, 
faint  yellowish  brown,  branched,  2r-S  ii  in  di- 
ameter ;  conidia  borne  in  chains,  faint  yellow- 
ish brown  when  mature,  globose  to  elliptic, 
1-celled,  2-6  by  2^3.5  Ai.    (Fig.  12,  C.) 

Perithecia.  —  Gregarious,  minute,  thickly 
scattered  over  the  surface  of  definite  black 
spots  formed  on  stems,  berries,  and  leaves, 

embedded,  with  minute  papillate  ostiole  opening  to  the  surface,  subglobose, 
60-105  fi  in  diameter;  walls  membranous,  two  to  several  cells  thick,  walls  of 
outer  cells  thickened  and  black,  inner  walls  much  thinner  and  lighter  in  color 
(pi.  4,  B)  ;  asci  8-spored,  borne  on  a  thick  pulvinate  mass  of  hyaline,  pseudopa- 
renchymatous  tissue  at  base  of  perithecium,  sessile,  cylindrical,  often  somewhat 
curved,  23-35  by  3^.5  fi ;  paraphyses  none ;  ascospores  uniseriate  or  irregularly 
biseriate,  hyaline,  nearly  equally  2-celled,  constricted  at  the  septum,  upper  cell  of 
slightly  greater  diameter,  long  ellipsoid,  7.5-10  by  1.75-4  fi.    (Fig.  12,  A,  B.) 

Immature  perithecia  appear  in  profusion  early  in  the  fall  on  the 
black  stem  and  berry  lesions  and  remain  dormant  until  spring.  Asco- 
genous  fructifications  have  not  been  found  on  berries,  but  were 
readily  obtained  by  collecting  diseased  vines  from  the  bogs  in  Janu- 
ary, February,  and  March  (in  Oregon)  and  placing  them  in  damp 
chambers  at  roan;L  temperature  fqv  ^  short  ticie.  .     .,■  -, 


Figure  12. — Mycosphaerella  nigro- 
maculans:  A,  Ascus  and  asco- 
spores,  X  1,025;  B,  germinat- 
ing ascospores,  X  650;  C,  co- 
nidia, X  1,300 
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My^cosphaerellw  nigTO-maculans  is  apparently  very  closely  related 
to  M.  punctifoTTnis  (Pers.)  Schroet.  {53,  p.  S33) ,  from  which  it  differs 
in  its  slightly  narrower  asci  and  ascospores,  perithecia  confined  to 
distinct  black  spots  on  the  host,  in  its  parasitic  habit,  and  in  its 
host.  A  Kamularia,  R.  multiplex  Pk.  {38,  p.  99) ,  was  described  from, 
leaves  of  Vace?^niu97i  oxycoccos  from  New  York.  An  examination  of 
the  type  of  this  species,  however,  shows  it  to  be  different  from  the 
conidial  form  of  this  Mycosphaerella.  The  sporophores  are  hyaline, 
much  longer  and  scarcely  branched,  and  the  conidia  are  hyaline 
and  much  more  variable  in  length. 

Type  specimen. — Oregon,  in  mycological  collections,  Bureau  of  Plant  Industry. 

Cultural  characters. — Growth  on  corn-meal  agar  grayish  at  first,  soon  becom- 
ing dark  brown,  spreading  very  slowly  by  radiating  strands  of  dense  hyphae. 
Mycelium  mostly  embedded  in  agar,  but  a  slight,  loose  aerial  growth  contain- 
ing conidiophores  soon  appears  above  the  submerged  mycelial  strands. 

Hosts. — Vacclnium  macrocarpon,   V.  oxycoccos  intermedium. 

Oeographical  distribution. — Maine,  Massachusetts,  Wisconsin,  Oregon,  and 
Washington. 

Pathological  relations. — Consistently  associated  with  the  black-spot  disease 
of  cranberry  fruits  and  stems  and  thought  to  be  the  cause. 

Synchytrium  vaccinii  Thomas,  3889   (S4,  p.  279) 

Description. — Fungus  attacks  leaves,  young 
stems,  flowers,  and  fruits,  forming  gi-eat  numbers 
of  small  reddish  gall-like  swellings  upon  their  sur- 
faces ;  the  fructification  of  the  fungus  is  embedded 
near  the  center  of  these  galls ;  the  fungus  consists 
of  a  scanty  mycelium  producing  globose  sporangia, 
86-171  n  in  diameter,  with  brownish,  smooth  walls 
V-  ^*iSf>     '^^^^^^^L  ^^^  contents  colored  by  chrome-yellow  oil ;  spo- 

*^-^;  /         ^         'ij.««si^v^         rangia  finally  develop  a  mass  of  motile  swarm 

spores  which  are  set  free  by  rupture  of  sporangia 
Figure  13. — SyncJvytrium  vac-       and  are  distributed  by  water.     (Fig.  13.) 
(nnii:  A,  Galls  on  leaves  and  Type  locality. — New  Jersey. 

B^'^lfngie'^gauf'c^  section  Hosts.  — YacciniuAn    macrocarpon,    GauWwria 

through  single  'gaif,    X   65.      procu>fnT)Gtis,   Cassand^ra  calyoulata,  Kalmia  an- 
After  Shear  {61)  gustifoUa,  Azalea  mscosa,  Clethra  alnifolin,  Gay- 

lussada  sp. 
Geographical  distribution. — New  Jersey  northward  to  Newfoundland. 
Pathological   relations. — Causes   red-gall    disease    of   cranberry;    of   erratic 
occurrence. 

Psilocybe  agrariella  Atk.,  var.  vaccinii  Charles,^  n.  var. 

Pileus  campanulate  to  expanded,  slightly  umbonate,  margin  incurved  at  first, 
slightly  striate,  white  and  silky  when  very  young,  olive  brown  to  dark  mouse 
gray,  1-1.5  cm.,  hygrophanous ;  gills  adnate,  somewhat  ventricose,  edge  whitish ; 
stii)e  same  color  of  pileus  or  lighter,  hollow,  myceloid.  at  base,  3-3.5  cm.  in 
length;  spores  in  mass  brown  with  slight  purplish  tinge  under  the  microscope, 
high  power,  argus  brown,  subelliptical,  inequilateral,  7-7.5  by  4-5  fi;  cystidia 
numerous,  ventricose  lanceolate,  40-45  by  9-11  fi. 

Two  species  of  Psilocybe  which  occur  in  muck,  bog,  or  sphagnum 
swamps  and  to  which  the  cranberry  Psilocybe  suggests  relationship 
Rre  Psilocybe  f us  CO  fidv  a  Tk.  (^i)  and  P.  limicola  (Pk.)  Sacc.  {37). 
P.  fuscofulva  approaches  this  species  quite  closely,  but  is  larger,  the 
lamellae  more  crowded,  the  stem  reddish  brown,  and  the  spores 
larger.  The  second  species,  P.  limicola,  also  has  crowded  gills  which 
when  old  are  cinnamon  brown  in  color.  The  general  color  of  the 
pileus  is  dark  brown. 

fi  imnmfftmfm.  amA  descJrJi^tibli  df  tl^  futtgiis  by  vfera  K.  OUaarfes. 
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However,  the  species  which  this  new  variety  most  nearly  ap- 
proaches is  Psilocyhe  agrariella  Atk.  {3) .  Through  the  courtesy  of 
H.  M.  Fitzpatrick,  of  Cornell  University,  the  writer  was  able  to  make 
an  examination  of  the  type  material.  The  microscopic  characters  are 
very  similar  but  sufficiently  different  to  warrant  a  varietal  distinction. 
The  new  variety  has  consistently  smaller  cystidia  and  spores. 
Microscopic  differences  to  be  observed  are  the  less  expanded  pileus 
and  olive-brown  to  dark  mouse-gray  color  as  contrasted  with  the 
pale  reddish  brown  or  pale  rufous  of  P.  agrarielld  Atk. 

Type  specimen. — In  mycological  collections,  Bureau  of  Plant  Industry. 
Geographical  distribution. — Massachusetts. 

Pathological  relations. — Causes  "  fairy  ring  "  in  cranberry  bogs,  a  conspicuous 
but  minor  disease. 

CRANBERRY  FUNGI  OF  MINOR  IMPORTANCE 

ASCOMYCETES 
Arachniotus  trachyspermus  Shear,  1902  (57,  p.  IS8) 

CorUdia. — ^A  penicilliumlike  conidial  form  appeared  in  all  the  cultures  with 
the  perithecia,  but  its  genetic  relation  has  not  been  demonstrated  by  single 
ascospore  cultures. 

Perithecia. — Snowy  white,  consisting  of  slender,  thin-walled,  unarmed  hyphae 
forming  an  anastomosing  arachnoid  layer  about  the  mass  of  asci,  325-425  fi 
in  diameter;   asci  borne  upon  tips  of  slender,  scantily  branched  ascogenous 

hyphae,  globose  or  subglobose,  very  thin- 
walled,  7-8  fi  in  diameter  ;  si3ores  ovoid,  light 
lemon  yellow  in  mass,  echinulate-roughened, 
3.25-4  by  2-2.5  fi.    ( Fig.  14. ) 

Type  specimen. — No.  5798,  C.  L.  S.,  in 
culture  from  decayed  cranberry  from  James- 
burg,  N.  J.,  collected  in  September,  1901; 
slide  from  culture  No.  115,  C.  L.  S.,  from 
New  Jersey,  1903. 

Cultural  characters. — First  forms  a  fine, 
thin,   white   mycelium   which   is   soon  fol- 
lowed by  the  development  of  minute  arach- 
FiGUHE  U.— Arachniotus  trachysper-      ^oid  snowy-white  perithecia. 
nms:  A,  Perithecia  on  side  of  a  Host. — Vaccvniutn  macrocarpon. 

SH-^^ure  flask,  x  12 ;  B,  ascus,  X  Geographical  distribution.— l^ew  Jersey. 

ikt^'x'^'5foTD°°aUrp^o'fel^x^         Pathological  relations.-Uaj  cause  a  rot 
2,200.     After  Shear  (61)  of  cranberries;  rare. 

Gibbera  compacts  (Pk.)  Shear,  n.  comb. 
Synonyms  : 

Venturia  compacta  Pk.,  1873  {38,  p.  106). 

Sphaeria  cincinnata  Schw.  (not  Fries),  1832  (54,  p.  211), 

Sphaerella  maculiformis  of  Ricker's  list,  1902  (46). 

Specimens  of  this  species  collected  by  H.  D.  House  on  cranberry  leaves  in 
New  York  State  were  erroneously  identified  by  Saecardd  (52)  as  Gihbera 
vaccina  (Sow.)  Fr. 

Imperfect  stage. — ^None  known. 

Perithecia. — Hypophyllous,  usually  aggregated  in  rather  dense  clusters,  occa- 
sionally solitary ;  spines  few,  arranged  about  the  ostiole,  or  more  numerous  and 
scattered  over  the  upper  half  of  perithecium,  3Q^-60  by  6  At ;  asci  usually  swollen 
at  lower  end,  sometimes  cylindrical,  48-66  by  &-12  ii;  spores  very  constant  in 
size  and  shape,  uniseriate  or  crowded,  uniseptate  with  cells  generally  unequal, 
greenish  or  olivaceous,  14-18  by  4^-6  a*.    (Fig.  15.) 

Type  specimen. — From  Sandlake,  N.  Y.,  in  New  York  State  Museum  of 
Natural  History. 

Hosts. — Vaooiniuni  nvacrocarpon,  V.  oxycoccos. 

Geographical  distribution. — Nova  Scotia,  Maine,  Massachusetts,  New  York, 
New  Jer'i^y,, Wisconsin,  Oregbn,  and  Washington. 

Pathdtogicdl  rclatidn.% — Piifasitic  on  cranberry  leaves,  fruitiHg  on  lower  leaf 
surfaces.    Ndt  cousiderfed  parti'culariy  harm^l.  * 
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Gnomonia  setacea  (Pers.)  Ces.  and  de  Not.,  1863  {12,  p.  252) 
Synonym  : 
SpJmeria  setacea  Pers.,  1794  (42,  p.  25). 

Perithecia. — Separate,  scattered,  black,  membranous,  depressed-globose,  about 
0.3-0.6  mm.  in  diameter,  growing  beneath  cork  layers  of  the  bark  which  is  pene- 
trated by  the  long,  slender  beak;  beaks 
central,  often  0.75-1  mm.  long,  about  42  fi 
in  diameter  at  base,  28r-30  /*  above,  hyaline 
at  tip;  asci  8-spored,  fusiform,  abruptly 
stipitate,  apex  thickened,  30-40  /x.  long  by 
6.5-10  fi  broad;  spores  equally  2-celled, 
hyaline,  long-fusiform,  slightly  constricted 
at  the  septum,  often  slightly  curved,  in 
fresh  specimens  frequently  bearing  a  short- 
pointed  mucilaginous  appendage  at  either 
or  both  ends,  10-14  by  1.5-3  fi;  para- 
physes  lacking.  Upon  germinating  in  tap 
water  the  ascospores  exhibit  a  remarkable 
degree  of  swelling.     (Fig.  16.) 

Hosts. — Vaccinium  macrocarpon,  V.  oxy- 
coccos  intermedium,  and  many  other  de- 
ciduous species. 

Geographical  distribution. — Known  on 
cranberry  only  from  Oregon  and  Wash- 
ington. Common  in  Europe  and  the  United 
States  on  other  hosts. 

Pathological  relations. — Saprophytic  on 
cranberry  stems. 

Leptosphaeria  coniothyrium   (Fekl.)   Sacc,  1875 
{49,  p.  317) 

Synonyms  : 
Perithecia :  Bphaeria  coniothyrium  Fckl., 

1869  {21,  p.  115). 
Pycnidia :   Coniothyrium  fuckelU  Sacc, 

1876  {50,  p.  200). 
Pycnidia. — On  cranberry  known  only  in 
cultures    made   from   ascospores.      Spores 
ovate,  fuscous,  2-4  by  1.5-3  fi. 
Perithecia. — Single  or  gregarious,  erumpent,  depressed-globose,  800-350  /u,  in 
diameter  on  cranberry,  papillate;  asci  8-spored,  cylindric,  stipitate,  90-115  by 
7.5-9  /a;  spores  mostly  uniseriate,  oblong, 
typically  3-septate,  occasionally  1  or  2  sep- 
tate, more  or  less  constricted  at  the  septa, 
fuscous,    14.5-16    by    4r-5    /*;    paraphyses 
numerous,  filamentous,  sometimes  branched, 
exceeding  the  asci.     (Fig.  17.) 

Hosts. — Vaccinium  macrocarpon  and  V. 
coryml)osum  in  Oregon  (rare),  and  on  a 
wide  range  of  hosts  in  the  United  States 
and  Europe. 

Geographical  distrihution. — United  States 
and  Europe. 

Pathological  relations.  —  On  cranberry 
saprophytic,  so  far  as  known. 

Lophodermium  hypophyllum  (D.  aiK^H.)   Shear, 
n.  comb. 

Synonym  : 

Lophodermium  oxy cocci  (Fr.)  Karst.  var. 
hypophyllum  D.  and  H.,  1924  {16,  p.  65). 

Imperfect  stage. — None  known. 

Apotheciu. — Subcuticular  or  intraepider- 
mal,  ellipsoid,  500-600  by  250-350  fi,  dark  . 
colored,    at   maturity    opening    when   moist 
walls  to  expose  the  entir0  l^rmenial  layer: 
4-5  ii,,  with  very  long  Stipes  wWqb.uBBally.mak>^Jmifi)r  more  .of [the  entire 


Figure  15. — Gihhera  compacta:  A  and 
D,  Perithecia,  X  100;  B,  mature 
ascospore,  X  900  ;  C  and  F,  asci,  X 
625  ;  E,  group  of  perithecia  on  cran- 
herry  leaf,   X    16.     After  Shear   (61) 


^^^ 


"=*^ 


FiGURB  16. — Onomonia  setacea:  Peri- 
thpcium,  X  20 ;  asci,  ascospores, 
and  germinating  ascospores,   X   585 


by   the    bending    outward    of    the 
asci  8-spore'd,  clavate,  .60^0  by 
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ascus ;  paraphyses  usually  exceeding  the  asci  in  length  and  with  the  apex  ellip- 
tical to  globose;  spores  hyaline,  straight  or  slightly  curved  at  the  end,  25-35 
by  1-1.15  IX.     (Fig.  18,  A  and  B ;  pi.  4,  A.) 

The  apothecia  of  this  species  closely  resemble  those  of  Lophoder- 
miuTTi  oxycocci  in  size  and  general  appearance  but,  unlike  those  of  L. 
oxycocci  or  any  species  of  this  genus  which  the  writers  have  examined, 
when  taken  at  the  right  stage  of  maturity  will,  if  placed  in  water,  open 
so  completely  as  to  be  almost  circular,  with  the  asci  and  paraphyses 
covering  the  exposed  surface.  In  open- 
ing, the  side  and  upper  walls  of  the 
apothecium  bend  outward,  most  of  the 
movement  taking  place  at  the  point 
where  the  side  wall  of  the  apothecium 
is  least  thickened,  that  is,  where  the 
side  walls  join  the  lower  wall. 


Figure  17. — Leptosphaeria  coniothj/- 
rium:  A,  Diagrammatic  section  of 
perithecia  on  cranberry  stem,  X  94  ; 
B,  asci  and  paraphyses,  X  470,  C, 
mature  ascospores,  X  470 ;  D, 
pycnospores,    X    470 


Figure  18. — Lophodermium  hypo- 
phyllum,  cross  section  of  apothe- 
cium, X  52  ;  B,  L.  hypophyllum, 
asci,  paraphyses,  and  spores,  X 
450 ;  C,  L.  oxycocci,  asci,  para- 
physes, and  spores,    X   450 


This  species  differs  from  Z.  oxyeocd  in  the  peculiar  slender  long- 
stiped  asci,  the  much  shorter  spores,  and  the  nearly  straight  para- 
physes with  enlarged  apex. 

This  fungus  was  originally  designated  as  a  variety  of  L.  oxycocci 
by  Dearness  and  House  because  in  their  material  it  was  strictly 
hypophyllous.  In  the  material  examined,  apothecia  have  been  found 
on  either  surface  of  the  leaf  or  on  both  surfaces,  but  examination  of 
the  material  on  which  Dearness  and  House  based  their  variety  showed 


16 


TECHNICAL  BULLETIN  2  5  8,  U.  S.  DEPT.  OF  AGRICULTURE 


other  distinguishing  characters  which  seemed  to  justify  its  elevation 
to  specific  rank. 

Type  specimen.— In  New  York  State  Museum  of  Natural  History.  Collected 
by  H.  D.  House,  Tahawus,  Essex  County,  N.  Y.,  August  4,  1921.  Cotype  mate- 
rial deposited  in  mycological  collections.  Bureau  of  Plant  Industry. 

Bosts.—Vacoinmm  maorocarpon,  V.  oscyooccos. 

Geograplucal  distribution^.— l<iQw  York,  Michigan,  Minnesota^  Wisconsin,  Ore- 
gon,  and  Washington. 

Lophodermium  toxycottci  {¥t.)  Karst.,  1873   {U,  p*.  t,  p.  2^) 
SYNt)NYM  : 

Eyst^rimn,  oa^jcoccus  Fries,  1822  (2S,  p.  588). 
Imperfect  stage.—None  known. 

J./)o#7ieci(».— Subcuticular  or  intraepidermal,  ellipsoid,  usually  500-600  by 
260-350  fi;  dark  colored,  almost  black,  opening  by  a  longitudinal  slit;  asci  8- 
spored,  clavate,  70-90  by  9-10  fi,  short  stiped ;  spores  hyaline,  straight  or  very 
slightly  curved,  50-60  by  4  /* ;  paraphyses  usually  longer  than  asci,  undulate, 
usually  curved,  and  sometimes  slightly  thickened  at  the  end.     (Fig.  18,  C.) 

Specimens  examined. — The  description  and  figures  of  this  species  are  taken 
from  material  gathered  on  Vacciniwn  maorocarpon  at  York,  Me.,  August  15, 

1897,  by  Roland  Thaxter.    This  collection  is 
in  the  Farlow  Herbarium  of  Harvard  Uni- 
versity, and  a  portion  of  it  is  in  the  myco- 
logical collections.  Bureau  of  Plant  Industry. 
Exsiccati. — The  material  in  the  following 
exsiccati  has  been  examined  and  found  to 
be  the  same: 
Rehm,  H.  Ascomycetes  Exsiccati  1065. 
Krieger,  K.   W.     Fungi   Saxonici   Exsic- 
cati 2158. 
Jaap,  Otto.    Fungi  Select!  Exsiccati  360. 
Hosts. — Vaccinium  vitis-idaea  in  Europe  ; 
V.  maorocarpon  in  the  United  States. 

Geographical    distribution. — ^Europe    and 
New  England. 

Pathological   relations. — ^Apparently   sap- 
rophytic or  weakly  parasitic  on  leaves. 


Figure   19. — Melanospora   destruens: 
A,    Perithecium,     X     CO ;    B,    ger- 
minating   ascospore,     X     215 ;    C, 
mature   spores,    X    500 ;   D, 
X    215.     After   Shear    {61) 


Melanospora  destruens  Shear,  1927  {66,  p.  102^) 


Synonym  : 
Anthostomella  destruens  Shear,  1907  (60, 

p.  313). 

Imperfect  stage. — None  known. 
Perithecia. — Membranous  or  submembranous,  globose,  usually  somewhat  con- 
tracted above  into  a  short  broad  neck,  ostiolate,  350-450  fx  in  diameter;  asci 
8-spored,  cylindric  or  cylindric-clavate,  subsessile,  150-232  by  14-18  ix;  spores 
dark  brown,  elliptic,  uniseriate,  16-24  by  10.5-12  /i;  paraphyses  none.  (Fig. 
19.) 

Type  specimen. — Slide  No.  1491,  C.  L.  S.,  from  pure  culture  No.  450  on  com 
meal,  isolated  from  a  diseased  cranberry  from  New  Jersey. 

Cultural  characters. — A  white  mycelial  layer  is  first  formed,  soon  followed 
by  the  development  of  black  perithecia  more  or  less  overgrown  by  the  white 
filaments  of  the  mycelium. 
Host. — Vaccinium  macrocarpon. 

Geographical  distribution. — Massachusetts,   New  Jersey,  Wisconsin. 
Pathological  relations. — Infrequently  causes  a  storage  rot  of  cranberries. 

Naevia  oxycocci  Dearness,  in  Herb.'' 

Imperfect  stage. — Detached  1-celled  hyaline  conidia,  4-5  by  1-1.5  fi  are  often 
found  associated  with  the  apothecia  of  this  fungus.  So  far,  however,  it  has 
not  been  possible  to  demonstrate  any  genetic  relation. 

Apothecia. — Gregarious,  hypophyllous,  applanate,  hyaline  to  greenish  yellow, 
waxy,  round,  0.1-O.2  mm.  in  diameter,   subcuticular,  then  erumpent  and  sur- 


'This  description  was  prepared  by  Edith  K.  Cash. 
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rounded  by  four  to  five  triangular  fragments  of  the  ruptured  cuticle;  asci  cla- 
vate,  rounded  at  tbe  apex,  short  stipitate,  8-spored,  35-40  by  5-6  fi;  spores 
obliquely  uuiseriate  to  biseriate,  oblong-fusoid,  hyaline  or  pale  greenish,  straight 
or  slightly  curved,  1-septate,  lower  cell  narrow  and  acute,  upper  wider  and 
rounder,  6-12  by  1.5-2.5  /t ;  paraphyses  numerous,  filiform,  gelatinizing  to  form 
a  yellowish  epithecium.     (Fig.  20.) 

This  species  differs  from  Naevia  vestergrenii  Kehm  (4^,  p,  153) ,  the 
only  other  species  reported  on  an  ericaceous  host,  in  its  occurrence  on 
the  lower  surface  of  the  leaf,  the  spore  septation,  and  the  narrower 
spores  and  asci.  The  septate  spores  would  place  this  species  in  the  genus 
Diplonaevia  Sacc,  or  in  Naeviella  Clements  (Phragmonaevia  subgenus 
Naeviella  Rehm) ,  which  is  distinguished  from  Diplonaevia  by  the  neg- 
ative iodine  reaction.  Although 
the  genus  Naevia  is  generally  ac- 
cepted as  having  unicellular  spores, 
species  have  been  described  in 
which  the  spores  become  1-septate. 

Speoimens  examined. — Dearness  spec- 
imen No.  4847  on  Vaccinium  oxycoccos, 
collected  at  Tahawus,  Essex  County, 
N.  Y.,  in  1921,  contains  no  spores.  The 
above  description  is  based  on  speci- 
mens on  V.  macrocarpon  collected,  re- 
spectively, by  C.  L.  Shear  at  North 
Wakefield,  N.  H.,  July  17,  1922,  and 
by  W.  A.  Sawyer,  jr.,  at  Alpena,  Mich., 
in  August,  1925.  These  specimens  have 
been  deposited  in  the  pathological  col- 
lections of  the  Bureau  of  Plant  Industry. 

Hosts. — Vaccinium  macrocarpon,  V. 
oxycoccos. 

Geographical  distribution.  —  New 
Hampshire,  New  York,  and  Michigan. 

Pathological  relations.  —  Sometimes 
causes  ^^'itches'-b^oom  and  death  of 
leaves  and  vines. 

Pezizella  lythri  (Desm.)  Shear  and  Dodge, 
1921  (65,  p.  135-170) 

Synonym  : 

Pycnidia :  Sporonema  pulvinatum 
Shear,  1907  {61,  p.  308).  (For  fur- 
ther synonymy  see  65.) 

Pycnid^ia. — Either  epiphyllous  or  hy- 
pophyllous,  arising  from  the  epidermis, 

dark  brown,  pulvinate,  frequently  collapsing,  300-420  fi  in  diameter  by  100-150  fi 
thick,  chamber  simple,  ostiole  wanting ;  manner  of  rupturing  not  known ;  spores 
Inequilateral  or  slightly  curved,  continuous,  0-8  by  2-2.5  /a,  hyaline  or  slightly 
greenish  yellow  in  mass ;  sporophores  simple,  somewhat  enlarged  at  the  base, 
tapering,  slightly  longer  than  the  mature  spores.     (Fig.  21.) 

Apotheciu  and  conidiul  stage   {Ilainesia  lythri). — Have  not  been  found  on 
cranberry. 

Hosts. — Vaccinium  nmcrooarpon   and   many   other  plants.      See   Shear   and 
Dodge,  1921  (65). 

Geographical  distribution. — On  cranberry,  Massachusetts,  New  Jersey,  West 
Virginia,  Oregon,  and  Washington. 

Pathological  relations. — Occasionally  causes  a  rot  of  cranberries  in  storage. 

Pseudophacidium  callnnae  Karst.,  1885   {35,  p.  157) 

Synonyms  : 
Phacidium  oallunae  Karst.,  1871  {34,  p.  253). 
Myxophacidiella  callunae  (Karst.)  Von  Hohnel,  1917  {32,  p.  330). 

59646°— 31 2 


Figure  20. — Naevia  oxycoooi:  A,  Section 
of  apothecium  on  cranberry  leaf,  X 
185;  B,  asci  and  paraphyses,  X  1,100; 
C,  ascospores,  X  1,100 ;  D,  conidia 
found  in  association  with  Naevia,  X 
1,100 
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Figure  21. — Pezizella  lythri:  A,  Verti- 
cal section  of  pycnidium  on  cran- 
berry leaf,  X  110 ;  B,  mature  spores, 
X  1,300 ;  C,  pycnidia  on  cranberry 
leaf,  X  40;  D,  sporophores,  X  600. 
After  Shear   {,61) 


PyciUdia. — MyxofuHicovoum  oalhufuie 
SheaT,  n.  f.  nom.  Separate,  scattered, 
pustular  and  somewhat  erumpent  on 
stems,  0.6-1.2  mui.  long  by  0.2-0.5  mm. 
wide,  carbonous,  irregularly  chambered 
within,  opening  by  one  or  more  pores; 
spores  hyaline,  oblong,  1-celled,  5-7  by 
2.5-5  /*,  mostly  6-7  by  3-3.5  fi.  Sec- 
tions of  very  young  pycnidia  grown  in 
culture  suggest  that  spores  are  borne  on 
very  short  evanescent  sporophores.  (Fig. 
22,  C.) 

Apothecia.  —  Separate,  scattered,  de- 
pressed-pulvinate,  erumpent,  arising  be- 
neath the  cork  layers  in  the  collenchyma 
and  phloem  tissues  of  the  bark,  circular 
or  elliptic,  covered  by  a  thick  purplish 
black  excipulum  until  mature,  then  rup- 
turing irregularly,  0.5-1.1  mm.  long  by 
0.3r-0.7  mm.  wide,  hypothecium  about 
0.2^.3  mm.  high  ;  asci  8-spored,  clavate,  long  stipitate,  75-120  fi  long  by  10-4  fi 
broad ;  spores  uniseriate  or  often  three  or  four  crowded  in  upper  end  of  ascus, 
1-celled,  hyaline,  ellipsoid  to  oblong-ellipsoid,  sometimes  slightly  curved,  7.5- 
15.5  by  4-6  fi,  mostly  9-14  by  4r-6.5  fi.     (Fig.  22,  A,  B.) 

Karsten's  original  description  of 
this  species  does  not  mention  para- 
physes,  but  Eehm  {^,  p.  96)  says 
"paraphyses  filiform  and  very 
sparse."  Von  Hohnel  {32,  f.  330) 
puts  this  species  in  his  new  genus  My- 
xophacidiella,  which,  he  says,  has  no 
paraphyses.  On  examination  Krieg- 
er's  European  specimens  cited  show 
no  signs  of  paraphyses,  and  the  same 
is  true  of  all  the  material  collected 
by  the  writers  in  this  country. 

Hosts.  —  Calluna  vulgaris,  Vaccinimn 
macrocarpon. 

Geoffraphical  distribution. — ^Europe,  Ore- 
gon, and  Washington. 

Genetic  relationship  between  PseudopTui- 
cidium  and  Myxofusicoccwm. — Single  asco- 
spore  cultures  of  P.  callmiae  made  in 
Oregon  in  1924  produced  the  pycnidial  form 
only,  having  pycnospores  identical  with 
those  of  Myxofusicoccum  on  cranberry 
stems.  Single  pycnospore  cultures  of  Myxo- 
fusicoccum made  in  1925  gave  cultures  in 
all  respects  identical  with  ascospore  cul- 
tures of  P.  callunae.  The  ascogenous  stage 
has  never  developed  in  cultures  from  asco- 
spores  or  pycnospores. 

Pathological  relations. — Saprophytic  on 
cranberry  stems  and  occasionally  on  leaves. 


Valsa  delicatula  C.  and  E.,  1877  {IS,  p.  10) 

Synontm  : 

Perithecia:  Valsa  decldua  C.  and  E.,  in 
Ellis  and  Everhart,  1892  (17,  p.  465). 

Pycnidia. — Cytospora  delicatula  Shear, 
n.  f.  nom.  Single  and  scattered  or  some- 
times   two    or    three    clustered    together, 


FiGUKE  22. — Pseudophacidium  callu- 
nae:  A,  Section  of  apothecium  on 
cranberry  stem,  X  48  ;  B,  asci  and 
ascospores,  X  214  ;  germinating  as- 
cospores,  X  400 ;  C,  section  of  pyc- 
nidium on  cranberry  stem,  X  48 ; 
pycnospores,  X  332;  germinating 
pycnospore,  X  332 
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multilocular^  membranous,  variable  in  size, 
sometimes  reaching  a  length  of  2  mm.,  em- 
bedded beneath  cork  layer  which  is  pene- 
trated by  the  conspicuous  neck ;  necks  car- 
bonous,  variable  in  length,  about  140  ix  in 
diameter  above,  often  larger  at  base.  Co- 
nidiophores  simple  or  semiverticillately 
branched  and  septate,  fruiting  branches 
fusiform.  Conidia  numerous,  minute,  hya- 
line, 1-celled,  narrow,  slightly  curved,  4-5.5 
by  0.&-1.5  II.     (Fig.  23,  A,  B,  C,  D.) 

Perithecm. — Pustules  small,  orbicular  or 
elongated,  covered  with  the  bark,  except 
the  minute  necks  which  are  clustered  in  a 
brown  stroma ;  perithecia  shaped  like  a 
Florence  flask,  membranous,  the  necks 
sometimes  exceeding  1  mm.  in  length, 
slender,  swollen  abruptly  at  the  apex ;  asci 
clavate,  short  stipitate,  about  31  by  5-6  fx ; 
ascospores  irregularly  biseriate,  1-celled, 
hyaline,  sausage  shaped,  7-9.5  by  2-3  fi; 
paraphyses  lacking.     (Fig.  23,  E,  F,  G.) 

Tppe  specimen.— urns.  No.  2503   (2480). 

Hosts. — Andromeda  sp.,  Arhutics  men- 
ziesii,  Azalea  sp.  OayJussacia  haocata, 
Leucothoe  racemosa.  Rhododendron  visco- 
sum,  Vaccinium  corymiosum,  V.  macrocar- 
pon,  V.  pennsylvanicum. 

Geographical  distribution.  —  Northern 
United  States,  on  cranberry  in  Massachu- 
setts, New  Jersey,  Oregon,  and  Washington. 

Genetic  relationship  between  Cytospora 
and  Valsa. — Has  not  been  proved  by  cul- 
tures, but  by  sequence  in  development  and 
close  association  on  the  host. 

Pathological  relations. — Apparently  sap- 
rophytic on  cranberry  stems. 

Exsiccati. — Ellis,  North  American  Fungi 
No.  865,  a  and  &. 

Valsa  delieatula  C.  and  E. 

(a)  On  Andromeda  ra^^emosa. 

(b)  On  Vaccinium  oorymbosum. 

MELAMPSORACEAE 

Pucciniastrum  myrtilli   (Schum.)   Arth.,  1906 
(2,  p.  3S7) 

On  cranberry  II:  Uredinia  hypophyl- 
lous,  scattered  or  somewhat  gregarious, 
small,  0.1-0.2  mm.  across,  buUate,  round, 
dehiscent  by  small  central  pore,  yellowish 
red  fading  to  pale  yellow,  long,  covered  by 
overarching  epidermis;  peridium  hemi- 
spherical, firm,  cells  very  small,  cuboidal, 
wall  uniformly  thin,  1  fi,  ostiolar  cells 
large,  ovoid,  25-35  fi  high,  walls  smooth, 
uniformly  thick,  often  nearly  obliterating 
the  lumen  ;  urediniospores  broadly  obovate 
or  ellipsoid,  13-19  by  16-24  fi ;  wall  color- 
less, thin,  1-2  /i,  minutely  echinulate ;  con- 
tents orange-yellow  when  fresh. 

For  a  description  of  the  pycnia  and 
aecia   of   this  fungus   on   Tsuga   and  for 


Figure  23. — Valsa  delicatula,  pycnid- 
ial  stage  :  A,  Section  of  pycnidium 
on  cranberry  stem,  x  25 ;  B,  out- 
line sketch  showing  arrangement  of 
locules  in  single  pycnidium,  X  25 ; 
C,  sporophores  and  section  of  pyc- 
nidial  wall,  X  725 ;  D,  mature 
pycnospores,  X  725.  perithecia! 
stage  ;  E,  sketch  showing  grouping 
of  perithecia  on  cranberry  stem,  X 
25 ;  F,  section  of  perithecia  on 
cranberry  stem,  X  25  ;  G,  asci  and 
mature  ascospores,    x    725 
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the  synonymy,  life  history,  hosts,  and  geographical  range,  see  Arthur   {2,  p. 
109-110,  678-679). 

Patholoffical  relations. — On  cranberry  known  only  from  Pacific  coast  region, 
where  it  is  not  abundant  and  apparently  is  of  little  economic  importance. 

FUNGI  IMPERFECTI 

Cladosporium  oxycocci  Shear,  1907   {GO    p.  S(yi) 

Sporophores  hypophyllous,  simple,  septate,  flexuous,  yellowish  brown,  erect 
or  spreading,  arranged  in  small  tufts  which  arise  from  a  small,  compact, 
sclerotioid  base  and  are  scattered  over  the  surface  of  reddish-brown  spots, 
which  frequently  become  light  colored  at  the  center 
when  old,  50-100  )u,  long ;  conidia  acrogenous,  yellow- 
ish brown,  one  to  three  on  each  sporophore,  cylin- 
drical or  somewhat  clavate  when  mature,  continuous 
or  u-niseptate,  15^24  by  3-4  ix.     (Fig.  24.) 

Type  specimen. — No.  1492,  C.  L.  S.,  on  living  leaves 
of  Vaccinium  macrocarpon,  Arichat,  Nova  Scotia, 
June  21,  1902. 

Host. — Vaccmdum  macrocarpon. 
Geographical    distribution. — Nova    Scotia,    Massa- 
chusetts, New  Jersey. 

Pathological  relations. — Of  minor  importance  on 
cranberry  leaves. 


FiGUEE  24. — Cladosporium 
oxycocci:  A,  Conidium, 
X  1,300;  B,  conidio- 
phores  and  conidia  from 
cranberry  leaf,  X  650. 
After  Shear   {61) 


Diplodia  vaccinii  Berl.  et  Roum.,  1887  {10,  p.  163) 


PycnAdia. — On  stems  of  cranberry,  from  210-500  /* 
in  diameter;  spores  11.5-20  by  6.5-8.5  /x,  mostly 
13-18  by  6.5-8.5  fi,  hyaline  and  1-celled  when  very  young,  soon  becoming  septate 
and  brown.  (Fig.  25.)  This  species  is  readily  distinguished  from  Sphaeropsis 
malorum  Pk.  by  the  very  much  smaller  size  and  the  septation  of  the  pycno- 
spores.  In  this  characteristic,  that  is,  the  fact  that  the  pycnospores  regularly 
become  septate  as  soon  as  they  are  colored  rather  than  remaining  1-celled, 
Diplodia  vaccinii  resembles  the  form  common  on 
various  decidous  hosts  in  the  northwestern  United 
States  and  in  Europe,  rather  than  /Sf.  malorum  as 
found  in  the  eastern  United  States.  (Stevens  and 
Shear,  82,  fig.  1,  d.) 

Ocographical  distribution. — Massachusetts,  New 
Jersey,  Oregon,  Washington,  Europe. 

No  European  material  of  this  species  is  available 
for  comparison,  but  the  American  material  agrees 
well  with  the  published  description  of  Diplodia 
vaccinii. 


Gloeosporium  minus  Shear,  1907   {60,  p.  315) 


O 


Figure    25.  —  Diplodia    vac- 
cinii: Pycnospores,   X  930 


Acervuli. — ^Amphigenous,,  subepidermal,  ruptur- 
ing the  epidermis,  small,  scattered,  not  on  a  defi- 
nite spot;  conidia  forming  paie-pinkish,  glutinous 
masses;  oblong-elliptical  or  subcyllndric,  some- 
times Inequilateral  or  somewhat  clavate,  usually 
guttulate  when  fresh,  6-9  by  3^  /a;  sporophores 
simple,  slightly  tapering  above,  one  and  one-half  to  two  times  the  length  of 
the  conidia;  no  setae  observed.     (Fig.  26.) 

Type  specimen. — No.  1494,  C.  L.  S.,  on  fruit  of  the  cranberry,  Vaccinium 
macrocarpon,  from  the  market,  Washington,  D.  C,  April,  1902;  also  on  cran- 
berry leaves  from  New  Jersey. 

Host. — Vaccinium  macrocarpon, 

Ocographical  distribution. — New  Jersey. 

Pathological  relations. — Of  rare  occurrence,  causing  a  storage  rot  of  cran- 
berries. 

Helminthosporium  inaequale  Shear,  1907  {60,  p.  307) 

Synonyms : 

For  a  discussion  of  the  relationships  of  this  fungus  and  suggestions  as  to  its 
synonymy,  see  Mason,  1928  {36,  p.  2-11). 
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Description. — Sterile  hyphae  effuse,  decumbent,  much  branched,  dark  brown, 
sometimes  forming  compact  strands  of  3  to  12  filaments.  Fertile  hyphae  as- 
cending or  suberect,  septate,  very  variable  in  length,  6-8  fi  in  diameter,  bearing 
both  terminal  and  lateral  conidia;  conidia  inequilateral  or  curved,  3-5  celled, 
thick-walled,  terminal  cells  hyaline,  others  deep  brown  in  color,  22-32  by  11-14 
/[*,  central  cell  usually  larger  than  the  others  and 
swollen.  Erect,  slender,  somewhat  branching,  hard, 
black,  sclerotioid  bodies  are  formed  in  abundance 
in  old  cultures.  These  when  transplanted  will 
produce  conidia,  but  no  other  form  of  fructification 
has  occurred.     (Fig.  27.) 

Ti/pe  specimen. — Slide  No.  1498,  from  pure  culture 
No.  457-b,  C.  L.  S.,  isolated  from  pulp  of  diseased 
cranberries  from  New  Jersey,  November,  1905. 

Cultural  characters. — On  sterilized  corn  meal  first 
growth  nearly  white,  soon  assuming  a  light  smoky 
color,  finally  becoming  dark  smoky  brown.  Surface 
of  medium  covered  with  a  thick,  loose  layer  of  much- 
branched  hyphae.  Vegetative  hyphae  frequently 
form  strands  of  several  filaments  closely  united. 

Host. — Vaccinium  macrocurpon,  known  only  from 
cultures. 

Geofjraphical  distrihution. — New  Jersey. 

Pathological  relations. — Isolated  from  decayed 
cranberry ;  rare. 

Phyllosticta  pntrefaciens  Shear,  1907   {60,  p.  307) 

Pycnidia. — Gregarious,  buried  or  subsuperficial, 
globose  or  subglobose,  membranous,^ dark  brown  or 

nearly  black,  75-100  fi  in  diameter ;  ostiole  conspicuous,  surrounded  by  a  slightly 
elevated,  somewhat  irregular  margin ;  spores  variable  in  shape,  ovoid  or  ovoid- 
elliptic,  sometimes  inequilateral  or  slightly  curved,  continuous,  hyaline  or  faintly 
yellowish  in  mass,  3.5-5  by  2.5-3  fi ;  sporophores  simple,  very  short.     (Fig.  28.) 


Vivvl^ivi;^ 


Figure     26.  —  Oloeosporium 
minus:  A,    Conidiophores, 
X     400;    B,    conidia,     X 
"       After  Shear    (61) 


1,600. 
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Figure  27. — Helminthosporium 
inaegiiale:  A,  Fertile  hj'phae. 
X  135,  and  spores,  X  400 ; 
B,  sclerotioid  bodies  produced 
in  old  culture,  X  5.  After 
Shear  (61) 


Figure  28. — Phyllosticta  putrefaci- 
ens:  rycuidium,  x  160;  pycno- 
spores,  X  2,400.  After  Shear 
{61) 


Type  specimen. — Slide  No.  1496  from  pure  culture  No.  312.  C.  L.  S.,  isolated 
from  a  diseased  cranberry  from  Whitesville,  N.  J.,  September,  1905. 

Cultural  characters. — The  fungus  first  produces  a  thin,  white,  floccose  mycelial 
layer  over  the  surface  of  the  medium.  This  gradually  becomes  thicker  and 
then  produces  a  layer  of  black  pycnidia. 
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Host. — Vaccinium^  macrocarpon. 

Geographical  distribution. — New  Jersey  and  Massachusetts. 

Pathological  relations. — Causes  a  rot  of  mature  cranberries ;  rare. 

Plectothrix  globosa  Shear,  1902  {58,  p.  457) 

Evenly  effuse  or  slightly  tufted,  sterile  hyphae  scanty,  hyaline  or  subhyaline, 
septate ;  fertile  hyphae  erect,  evenly  scattered  over  the  matrix  or  sometimes  in 

small  groups,  3-5  septate,  hyaline  or  slightly 
colored  toward  the  base,  250-350  by  3-4  /*. 
apex  acute  with  three  to  nine  short,  conical,  or 
spurlike  branches,  which  are  usually  not  longer 
than  the  diameter  of  the  spores;  the  lower 
sometimes  prolonged  and  dichotomous  at  the  tip ; 
conidia  globose,  hyaline,  15-20  fi  in  diameter; 
contents  homogeneous. 

Type  speci/men. — No.  1108,  C.  L.  S.,  in  myco- 
logical  collections.  Bureau  of  Plant  Industry,  on 
Vaccinium  macrocarpon  leaves  collected  at  Park- 
dale,  N.  J.  This  fungus  is  very  similar  to  EidOr- 
7m<i  acremonioides  (Harz.)  Vill.  and  Olpitrichum. 

Host. — Vacokdum  macrocarpon. 

Geographical  distribution. — New  Jersey. 

Pathological  relations, — Probably  a  saprophyte 
on  cranberry  leaves. 

Rhabdospora  oxycocci  Shear,  1907   {60,  p.  311-312) 

Pycnidia. — Usually  hypophyllous,  evenly  distrib- 
uted over  sui;face,  buried,  more  or  less  irregularly 
depressed-globose;  slightly  erumpent,  greatest 
diameter  150-225  ii;  ostiole  small,  plane;  wall 
submembranous,  consisting  of  two  layers,  the 
inner  sometimes  separated  from  the  outer,  except 
about  the  ostiole,  and  collapsing;  the  epidermal 
cells  of  the  host  overlying  the  pycnidia  usually 
blackened ;  sporophores  branched ;  spores  hyaline,  long  fusiform,  slightly  curved, 
with  one  to  three  septa  or  pseudosepta,  20-26  by  2-3  ii.     (Fig.  29.) 

Type  specimen. — -No.  1479,  C.  L.  S.,  on 
old  leaves  of  Vaccinium  macrocarpon 
lying  on  the  ground  under  a  pile  of  old 
vines,  Whitesville,  N.  J.,  September  2, 
1904. 
Host. — Vaccinium  macrocarpon. 
Pathological  relations. — As  far  as 
known  occurs  only  on  old  leaves  of  cran- 
berry. 


Figure  29. — Rhabdospora  oxy 
cocci:  A,  Section  of  pycnid 
ium  on  cranberry  leaf,  X 
130 ;  B,  sporophores  and 
spores,  X  l.OC^ 
Shear   {61) 


)00. 


After 


Septoria    sheareana    Sacc.    and    Trotter,     1913, 

{51,  p.  nil) 
Synonym  : 

Septoriw  longispora  Shear,  1907  {60,  p. 
308)  ;  not  Bondarz,  1906;  Voglino,  1907- 
08 ;  nor  Miyake,  1910. 

Pycnidia. —  Gregarious  or  somewhat 
scattered,  globose  or  depressed-globose, 
somewhat  erumpent,  covered  by  the  epi- 
dermis, ostiolate  150-225  fi  in  diameter; 
ostiole  ^mall ;  spores  hyaline,  filiform, 
curved,  frequently  S-shaped,  sometimes 
pseudoseptate,   150-240  by  3-4  fi;   when 

straightened  some  are  300  fx.  long;  sporophores  simple,  narrow,  6-9  fi  long. 
(Fig.  30.) 

Type  specimen. — No.  1499,  C.  L.  S.,  on  shriveled  rotten  cranberries,  Hunters 
Mills,  N.  J.,  October  14,  1902.  Also  on  fallen  cranberry  leaves.  No.  1500,  C.  L.  S., 
same  locality,  June  21,  1906. 


Figure  30. — Septoria  sheareana:  A, 
Section  of  pycnidium  on  cranberry 
leaf  X  135 ;  B,  pycnidia  on  under 
surface,  X  35 ;  C,  mature  pycno- 
spores,   X   250.     After  Shear  {61) 
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Host. — Vacc inimn  macrocarpon. 

Geographical  distrilmtion. — New  Jer- 
sey. 

Pathological  relatione.  —  Rarely  at- 
tacks cranberry  fruit. 

Sphaeronema  pomorum  Shear,  1907  (60,  p.  307) 

Pycnidia. — Gregarious  or  scattered, 
subsuperficial,  membranous  or  subcori- 
aceous,  globose  or  subglobose,  120-200  fx 
in  diameter,  with  an  ostiolate  neck  75- 
150  fi  long;  spores  oblong-cylindric  or 
frequently  ovoid  or  subelliptic,  contin- 
uous, pale  greenish  yellowy  5-10  by 
3^  fi.     (Fig.  31.) 

Tppe  specimen. — Slide  No.  1495,  C.  L. 
S.,  from  pure  culture  No.  141-b.  Iso- 
lated from  diseased  cranberry,  Vaccm- 
ium  macrocarpon,  Whitesville,  N.  J., 
October,  1905. 

Cultural  characters. — First  forms  a 
thin  white  layer  upon  the  culture  me- 
dium, soon  followed  by  the  development 
of  numerous  pycnidia  scattered  over  the 
surface  of  the  mycelial  layer,  giving  it 
a  dark  appearance. 

Host. — Vaccinium  macrocarpon. 

Geographical  distribution. — New  Jer- 
sey. 

Pathological  relations. — Causes  a  stor- 
age rot  of  cranberry ;  rare. 


Figure  31. — Sphaeronema  pomorum.  Pyc- 
nidium  from  culture,  X  160,  and 
spores,    X    2,200.     After  Shear  {61) 


Sphaeropsis  malorum  Pk. 

(Pycnidial  stage  of  Physalospora  m>alorum   (Pk.)   Shear) 
Synonyms : 

See  Shear  et  al.  {68)  and  papers  therein  cited  for  a  discussion  of  host  rela- 
tionships, life  history,  and  distribution  of  this  fungus. 
Pycnidia. — Spores  19-23  by  9-11  /* ;  1-celled,  brown.     This  fungus,  which  is 
apparently  identical  with  Sphaeropsis  malorum  as  found  on  numerous  decidu- 
ous hosts  in  the  eastern  United  States,  has  been 
collected  only  once  on  cranberry  in  Massachu- 
setts.    (Fig.  32.) 

The  perithecial  stage,  Physalospora  malorum, 
has  not  been  reported  on  the  cranberry. 

Strasseria  oxycocci  Shear,  n.  comb.  {33,  83) 


Synonym  : 

PlagiorhaMus  oxycocci  Shear,  1907  {GO,  p. 
311). 

Pycnidia. — Scattered,  mostly  hypophyllous, 
irregularly  depressed-globose,  embedded  in  the 
tissue  of  the  host,  125-19<)  ii  in  diameter, 
usually  very  slightly  erumpent  with  upper 
portion  mostly  covered  by  a  thin,  dark,  stro- 
matic  layer  consisting  of  the  modified  epidermis ; 
wall  rather  thin  below ;  interior  simple,  or  some- 
times having  a  few  irregular  chambers  uniting 
and  opening  through  a  single  ostiole  which  is 
usually    rather    prominent ;    spores    hyaline    or 


Figure    32. — Sphaeropsis    malo- 
rum.    Pycnospores,    X    Q30 
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faintly  greenish  yellow  in  mass,  slightly  curved  or  allantoid,  8-10  by  3  /u,, 
hearing  a  slender  basal  appendage  consisting  of  the  sporophore  which  is  ab- 
stricted  near  its  base;  appendage  10-15  by  0.75  /jl.     (Fig.  33.) 

Host. — Vacomium  nnam^ocarpon. 

Pathological  relations. — Known  only  on  dead  leaves. 

OTHER  SPECIES 

In  addition  to  the  fungi  listed  above,  the  following  species,  in  part 
listed  by  Shear  (61),  have  occasionally  been  found  on  cranberry: 

In  cultures  from  fruit:  AJ)sidia  sp.,  Altemaria  sp.,  Aspergillus  sp., 
Basisporimn  gallarum  Mol.,  Botrytis  sp.,  Chaetomium  sp.,  Goremdum  sp., 
Dematium  sp.,  Epicoccum  sp.,  Fusarium  tricinctum  (?),  Fusarium  sp.,  Peni- 
cillium  spp.,  Phoma  sp.,  Pythium  sp.,  Sterigmatoci/stis  sp.,  Stilbwm  sp.,  Strigos- 
phaeria  sp.,  Tfiielama  terricola  (G.  and  A.)  Emmons  (18). 

In  cultures  from  roots:  Gliocladium  lignicolum  Grove,  Sporonvia  mmima, 
Trichoderma  Jwmngi  Oud.. 

In  cultures  from  vines:  Vernvicularia  sp. 
On  fruit :  Corticium  samhuci  Fr.,  Leptothyrium 
pomi  (Mont.)   Sacc,  Papulospora  sp. 

On  leaves:  Chaetomium  sp.,  Chondrioderma 
simplex  Schroet.,  Discosia  artocreas  (Tode)  Fr., 
Microsphaeria  vaccina  (Schw.)  C.  and  P.,  My- 
cosphaerella  vaccina  (Cke.),  Oospora  sp.,  Ramu- 
laria  multiplex  Pk. 

The  following  species  listed  by  Seymour 
(SS)  have  apparently  been  reported  by 
mistake. 

The  following  have  been  reported  through 
misidentiflcation : 

Sphaerella  macuUformis  (P.  exFr.)  Awd. 
Mycosphaerella   oxycocci   Dearness   and 
House. 
The  following  species  are   mentioned  through 
errors  in  compilation : 

' Anthostoma  picaceum  C.  and  E. 
Anthostomella  (?)   picacea   (C.  and  B.) 

Sacc. 
Sphaeria  picaoea  C.  and  E. 
^Xylosphaeria  picacea  C.  and  E. 
Cruignardia    Mdwellii    (Ell.)    Viala    and 
Ravaz. 

{Sphaeria  cineinnata  Fr. 
Venturia  cineinnata  (Fr.)  Rostr. 
Sporonema  epiphyllum  Shear. 


Figure  33. — StrasscHa  oxy- 
cocci: A,  Vertical  section  of 
pycnidium  on  cranberry 
leaf,  X  175  ;  B,  sporophores 
and  spores,  X  500 ;  C, 
spores  with  basal  append- 
ages, X  1,000.  After  Shear 
{61) 


PHYSIOLOGY  OF  THE  ROT  FUNGI 

TIME  OF  INFECTION 

Although  the  fungi  that  are  found  in  decayed  cranberries  are  of 
greatest  importance  because  of  the  storage  rots  that  they  cause,  and 
though  some  of  them  never  seem  to  develop  in  the  fruit  until  late 
in  the  storage  season,  the  evidence  (7^)  indicates  that  infection  occurs 
relatively  early  in  the  growing  season.  This  is  shown  by  Table  1, 
which  gives  the  earliest  dates  on  which  various  important  rot  fungi 
developed  in  cultures  made  from  green  cranberries  in  Massachusetts. 
It  is  uncertain  whether  the  fungi  here  reported  had  actually  pene- 
trated the  epidermis,  but  the  berries  placed  in  the  culture  tubes  had 
been  treated  from  5  to  10  minutes  in  a  solution  of  mercuric  bichloride 
in  70  per  cent  alcohol  and  then  washed  in  sterile  distilled  water. 
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Table  1. — Earliest  dates  on  which  different  fungi  known  to  cause  decay  of 
cranberries  loere  found  in  cultures  of  green  cranberries  in  Massachusetts 


Name  of  fungus  i 

1921 

1922  2 

1923 

Name  of  fungus  i 

1921 

1922  2 

1923 

Godronia      cassan- 

July   13 

July   16 
Aug.    2 
July   21 
July  26 

July     6 

July   12 
July     6 

..,do 

...do.... 

July  18 

Penicillium  spp 

Dematium  sp 

Pestalozzia  guepini 

July  13 
...do 

July   16 

July   26 
July   13 

July     6 
...do 

July  12 

July   11 
Do. 

Glomerella     cingu- 

July  19 

Diaporthe  vaccinii.. 
Sporonema  oxycocci. 
Guignardia  vaccinii. 

Acanthorhynchus 

July    19 
July   12 

Alteraariasp 

July     6 

July   18 

1  See  pages  43  and  44  for  a  list  of  common  names  of  the  rots  caused  by  these  fungi. 

2  In  explanation  of  the  difference  in  the  time  of  appearance  of  the  fungi,  it  should  be  stated  that  the  spring 
of  1922  was  unusually  early  and  warm. 

DISSEMINATION  BY  WATER 

Closely  related  to  the  problem  of  time  of  infection  is  that  of  man- 
ner of  dissemination  of  decay-producing  fungi.  In  all  probability 
many  cranberry  fungi  are  distributed  by  the  wind.  There  is  evi- 
dence, however,  that  the  water  used  in  reflowing  bogs,  especially 
during  those  reflows  in  which  the  vines  are  entirely  submerged,  as 
in  insect  control,  is  instrumental  in  carrying  rot  fungi.  The  results 
of  cultures  from  cranberry  tips  taken 'before  and  after  the  June 
reflow  on  four  different  bogs  in  Massachusetts  (72)  are  as  follows: 
In  1922,  35  per  cent  of  the  tips  taken  before  flooding  and  67  per 
cent  after  flooding  were  infected;  in  1923  the  percentages  Avere,  re- 
spectively, 14  and  77. 

That  the  difference  between  the* first  set  of  cultures  and  the  second 
in  both  years  is  directly  due  to  the  effect  of  the  flooding  water  seems 
to  be  proved  by  the  fact  that  no  such  difference  is  found  in  tips  taken 
in  similar  periods  from  bogs  that  w^ere  not  reflowed. 

ACIDITY  RELATIONS 

Although  the  acidity  relations  of  the  cranberry  fungi  have  not 
been  carefully  studied,  it  has  been  found  that  all  of  the  more  impor- 
tant ones  grow  on  agar  media  having  the  wide  initial  range  of  jdH 
values  4.2  to  8.2. 

A  study  of  the  effect  of  a  rot  fungus  on  the  cranberry  fruit  has 
been  made  only  in  the  case  of  the  end-rot  fungus.  Stevens  and 
Morse  {81,  p,  240)  summarize  the  results  of  their  chemical  studies 
as  follows: 

The  only  constituent  of  the  fruit  sufficiently  affected  by  the  rot  to  be  mani- 
fested in  the  chemical  analysis  is  the  total  sugar.  All  the  other  changes  in 
comparison  with  the  sound  fruit  are  apparently  due  to  concentration  as  a 
corollary  to  the  sugar  consumption  by  the  fungus. 

TEMPERATURE  RELATIONS  « 

The  rates  of  growth  of  cranberry-rot  fungi  at  different  tempera- 
tures are  of  great  interest  in  connection  with  the  development  of 
the  rots  they  produce  in  storage,  a  subject  which  is  considered  in 
detail  on  pages  28  and  35.    Figure  34  gives  in  graphic  form  the  radial 


8  Much  of  the  work  on  which  the  graphs  in  Figure  35  were  based  was  done  by  F.  T. 
Eagan. 
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growth  of  some  of  the  more  important  fungi  at  the  end  of  10  days 
on  corn-meal  agar  at  the  temperatures  0°  C.  (32°  F.),  2.5°  C.  (36° 
F.),  5°  C.  (41°  F.),  10°  C.  (50°  F.),  15°  C.  (59°  F.),  20°  C.  (68°  F.), 
25°  C.  (77°  F.),  28°  C.  (82.4°  F.),  and  30°  C.  (86°  F.).  The  graphs 
show  that  both  Godronia  and  Sporonema  are  able  to  grow  slightly 
at  0°  and  reach  their  maxima  at  about  20°  and  15°,  respectively, 
while  such  early  rot  fungi  as  Acanthorhyncus,  Glomerella,  and 
Guignardia  begin  growing  between  2.5°  and  10°  and  ^row  most 
rapidly  at  25°  or  above.  There  is,  in  general,  a  sharp  increase  in 
the  rate  of  growth  above  10°  C.  (50°  F.),  frequently  amounting  to 
100  per  cent  or  more  for  the  5  degrees  between  10°  and  15°.  God- 
ronia is  a  conspicuous  exception  to  this,  its  rate  of  growth  at  10° 
being  60  per  cent  of  its  maximum  rate. 

It  should  be  pointed  out  that  Acanthorhyncus  and  Guignardia  are 
actually  of  greatest  importance  in  the  warmest  cranberry  State  (New 
Jersey),  Glomerella  in  the  warmest  and  second  warmest  (New  Jersey 
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Figure  34. — Radial  growth  of  the  more  important  cranberry  storage-rot  fungi  on  corn- 
meal  agar  at  the  endi  of  10  days  at  temperatures  ranging  from  0°  to  30°  C.  (32°  to 
86°  P.) 

and  Massachusetts),  while  Godronia  is  notably  the  leading  rot  fungus 
in  the  colder  sections  (Wisconsin  and  the  Pacific  Northwest)  and  is 
of  decidedly  less  importance  in  New  Jersey.  Again,  after  storage 
temperatures  drop  with  the  advance  of  the  season,  Godronia  becomes 
strikingly  the  most  important  fungus  causing  rot  in  berries.  Finally, 
it  will  be  noted  that  10°  C.  (50°  F.)  forms  a  somewhat  natural  tem- 
perature division,  above  which  the  so-called  early  rots  are  important 
causes  of  rot  and  below  which  Godronia  is  the  principal  fungus  to 
develop  in  berries. 

RELATIVE   ABUNDANCE   OF   CRANBERRY   FUNGI   IN    DIFFERENT 

REGIONS 

The  known  range  of  each  cranberry  fungus  is  given  under  Tax- 
onomy. The  relative  abundance  of  these  fungi  in  the  different  cran- 
berry regions  can  be  intelligently  discussed  only  with  reference  to 
the  more  important  fungi. 
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FIELD   ROTS 


Field  rots  are  common  on  cranberries  only  in  New  Jersey  and  on 
Long  Island,  N.  Y.  In  Wisconsin  and  on  the  Pacific  coast  practi- 
cally the  only  fungus  that  has  been  found  to  cause  field  rot  is 
Scl&potinia  oxycoeci^  and  this,  while  occasionally  locally  abundant, 
has  never  exceeded  a  fraction  of  1  per  cent  of  the  total  crop  for  these 
States. 

In  Massachusetts  field  rot  is  met  with  only  under  exceptional  cir- 
cumstances. A  few  minor  varieties  such  as  the  Middleboro  usually 
rot  somewhat  on  the  vines,  and  in  certain  years  even  the  standard 
varieties  sometimes  show  a  considerable  percentage  of  rot.  When 
field  rot  does  appear  in  Massachusetts  it  is  caused  by  the  same  fungi 
as  are  found  in  New  Jersey. 

In  New  Jersey,  on  the  other  hand,  field  rot  appears  regularly  on 
many  bogs  unless  they  are  thoroughly  sprayed.  A  dozen  samples  of 
cranberries  from  different  New  Jersey  bogs  chosen  at  random  on 
October  1,  1929,  showed  from  3  to  15  per  cent  rotten  berries,  and  the 
amount  of  field  rot  that  year  was  much  less  than  the  average.  The 
more  important  fungi  causing  field  rots  of  cranberries  are  Guignardia 
vaccina^  Acanthorhyncus  vaccinii,  and  GloTnereTla  cingulata  vacdnii. 
Of  these,  Guignardia  vaceinii  is  usually  the  most  important. 

RELATIVE  IMPORTANCE  OF  DIFFERENT  FUNGI  AS  CAUSES  OF  STORAGE  ROTS 

The  relative  abundance  of  the  various  cranberry  rot  fungi  in 
storage  is  best  shown  by  the  results  of  comparative  keeping  tests 
made  in  Chicago  on  the  crops  of  1926,  1927,  1928,  and  1929.  As 
explained  in  the  preliminary  reports  (77,  78^  79),  the  aim  of  this 
4-year  test  was  to  discover  the  actual  amount  of  rot  in  the  cranberries 
from  the  chief  growing  areas  that  was  caused  by  the  different  fungi 
during  various  periods  throughout  the  storage  season. 

With  minor  modifications,  the  tests  for  the  four  years  were  made 
substantially  as  follows :  Three  or  four  standard  packages  of  Howes 
and  an  equal  number  of  McFarlin  were  shipped  to  Chicago  from  bogs 
in  Massachusetts,  New  Jersey,  and  Wisconsin.  In  1926  and  1927 
berries  from  Oregon  were  also  included.  The  Howes  and  McFarlin 
varieties  were  chosen  because  these  are  the  only  ones  represented  in 
all  the  cranberry  regions. 

All  these  lots  were  stored  together  in  Chicago,  and  once  a  month 
a  box  of  each  was  opened  and  1  peck  of  sound  berries  sorted  out. 
These  sound  berries  were  then  stored  in  separate  containers  for  two 
weeks  (four  weeks  in  1929),  after  which  the  berries  were  again 
sorted.  From  the  spoiled  berries  obtained  from  these  lots  cultures 
were  made,  and  the  fungi  that  developed  were  identified  so  far  as 
possible. 

The  cranberries  were  held  in  common  storage  in  a  large  cranberry 
warehouse  in  Chicago.  No  effort  to  control  temperatures  was  made 
other  than  that  usually  made  in  such  buildings ;  that  is,  the  windows 
w^ere  left  open  during  the  warmer  weather  and  closed  when  the 
weather  became  cold  enough  to  indicate  risk  of  freezing.  Table  2 
gives  the  approximate  range  of  storage  temperatures  during  the 
different  years. 
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Table  2. — Approximate  storage  temperatures  of  cranberries  at  CMcago, 

1926-1929 


Month 

1926 

1927 

1928 

1929 

October-. 

°  F. 
65-55 
53-43 
40-30 

°  F. 
70-60 
5&-48 
48-35 

°F. 
62^6 
5&-44 
60-40 

°F. 

November-.-  . ._..... -  - 

55-45 

December     .--__--.         -.-. 

40-30 

The  results  of  these  tests  should  not  be  considered  as  furnishing  a 
complete  picture  of  the  fungi  found  in  decayed  cranberries  in  the 
United  States,  and  in  particular  they  should  not  be  taken  as  indicat- 
ing the  relative  keeping  quality  of  cranberries  from  the  different 
regions,  for  no  one  bog  can  safely  be  taken  as  re]3resentative  of  any 
region.  Moreover,  the  varieties  chosen  for  the  t^st  were  selected 
because  they  could  be  found  in  all  four  districts.  They  are,  how- 
ever, by  no  means  of  equal  importance  in  all  the  regions.  The 
McFarlin,  for  example,  is  of  very  little  importance  in  New  Jersey, 
and  the  Howes  of  little  importance  in  Wisconsin  and  Oregon. 

The  results,  however,  apparently  do  furnish  a  satisfactory  basis 
for  comparison  ,of  the  relative  importance  of  the  different  rot  fungi 
in  the  various  regions  and  of  the  successive  development  of  these 
fungi  in  storage.  Taken  together,  they  probably  represent  a  larger 
body  of  information  regarding  storage  rots  of  cranberries  than  has 
ever  been  assembled  regarding  storage  rots  of  any  other  fruit  crop. 

In  Figure  35  is  presented  in  a  condensed  form  the  information 
that  has  been  accumulated  during  the  4-'year  test.  The  height  of 
each  column  represents  the  total  spoilage  up  to  January  1  in  each 
lot  of  berries.  The  proportional  parts  of  spoilage  initiated  by  each 
of  the  five  most  important  fungi  and  by  sterile  breakdown  are  rep- 
resented by;  subdivisions  of  the  columns.  For  example,  34  per  cent 
of  the  berries  in  the  1926  sample  of  Wisconsin  McFarlin  spoiled  by 
January  1,  this  spoilage  being  due  to  the  following  causes:  Sterile 
breakdown,  5  per  cent;  Godronia,  25  per  cent;  Acanthorhyncus,  1 
per  cent ;  Guignardia,  1.5  per  cent. 

Taking  the  country  as  a  whole,  end  rot  (caused  by  Godronia  cas- 
sandrae)  exceeds  all  other  rot  fungi  in  importance  and  as  a  cause 
of  spoilage  is  approached  only  by  sterile  breakdown. 

In  the  Oregon  berries,  sterile  breakdown  accounts  for  the  loss  of 
about  half  of  those  that  spoil  before  January  1  and  Godronia  for  by 
far  the  greater  jDortion  of  the  other  half. 

Wisconsin  berries  differ  from  those  from  Oregon  chiefly  in  the 
presence  of  Guignardia  in  appreciable  amounts  and  in  the  fact  that 
Godronia  is  here  more  important  than  sterile  breakdown. 

As  regards  Massachusetts  berries,  the  results  agree  with  those  re- 
ported by  Rudolph  and  Franklin  for  Howes  in  1916  {J{8)  in  indicat- 
ing that  in  this  State  Glomerella  is  second  in  importance  to  end  rot. 
However,  Glomerella,  as  the  graphs  show,  is  rather  erratic,  being 
important  some  years  and  almost  lacking  during  others.  In  years 
when  Massachusetts  berries  keep  less  well  than  usual,  Glomerella  is 
often  abundant. 
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New  Jersey,  as  has  been  frequently  pointed  out,  differs  markedly 
from  the  other  States.  Here  end  rot  assumes  second  place,  being 
exceeded  by  Guignardia,  long  recognized  as  a  very  important  cran- 
berry fungus.  The  other  early  rot  fungi,  Acanthorhyncus  and 
Glomerella,  are  also  important. 


SUCCESSION  OF  FUNGI  IN  STORAGE 


The  storage  tests  in  Chicago  bring  out  for  the  various  cranberry- 
growing  regions  a  relation  shown  earlier  (48)  for  Massachusetts, 
namel}^,  the  succession  of  rot  fungi  through  the  season.  Tables  3 
to  6  show  the  frequency  with  which  each  fungus  appeared  in  cultures 
from  rotten  berries  of  both  varieties  for  all  four  cranberry-growing 
regions  during  every  year  the  tests  were  run.  The  figures  are  ex- 
pressed in  terms  of  the  percentage  of  all  berries  from  which  cultures 
were  made  for  each  lot. 


Table  3. — Fungi  present  in  cranl)erries  of  the  Howes  and'  McFarlin  varieties 
from  Oregon,  which  spoiled  lyetween  dates  indicated,  expressed  as  percentage 
of  all  herries  from  which  cultures  were  made 


Before 

Oct.  15, 

1926 

Oct.  15  to  31 

Nov.  15  to  30 

Dec.  15  to  31 

Fungi 

1926 

1927 

1926 

1927 

1926 

1927 

H.i 

McF.i 

H- 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

3 

1 
1 

1 

Altcriiciria  sp 

4 
27 

""lY 

1 
12 

"'i7' 

2 
12 

1 
15 

1 
9 

1 
2 

Diaporthe    vaccinii    (Pho- 

12 

11 



4 

.... 

14 

14 

1 

3 

Gloeosporiuin  sp 

_. 

Glomerella    cingulata    vac- 
cinii 

Godronia  cassandrae  (Fusi- 
coccum  putrefaciens) 

15 

17 

48 

70 

31 

30 

26 
1 

2 

54 
1 

44 

8 

24 
3 

32 

1 

38 

6 
3 

12 

3 

39 
3 

5 

I 

25 
6 

.... 

3 

8 

8 
1 

12 

28 

3 

10 

2 

3 

4 
29 
3 

4 

58 
3 

Sterile 

25 

42 

33 

8 

56 

95 

82 

72 

59 

TTniHc^Titifiprl 

1 

1  — ; 

In  this  and  succeeding  tables,  H.  =  Howes,  and  McF.  =  McFarlin. 
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Table  4. — Fungi  present  in  cranberries'  of  the  Howes  and  McFarlin  varieties 
prwn  Wisconsin,  which  spoiled  between  dates  imdicatedy  expressed  as  per- 
centage of  all  berries:  fronu  which  cultwes  were  made 


Before  Oct.  15 

Oct.  15  to  31 

Before 

Nov.  1, 
1929 

Fungi 

1928 

1927 

1928 

1926 

1927 

1928 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

Acanthorhyncus- -  --  -    

2 
6 
1 

1 

3 

6 

"b 

5 
1 

10 

12 
8 

12 

2 
4 

2 

6 

5 

3 

Botrytis      

Ceuthospora 

2 

4 

::.:.::::: 

Diaporthe     ' 

.-   1 

4 

1 

2 



2 

4 

FiisariiiTn               - 

2 

1 

1 

rUnftnspnrinm 

Glomerella 

; 

4 
15 
19 

'is' 

3 

1 

56 

61 

.... 

56 
2 

12 
1 
8 

14 

10 

7 

■"so" 

76 
.... 

96 
2 

65 
10 

10 

25 
8 
17 

9 

Quignardia          

2 

Penicillium  29 

7 
21 

Penicilliuin 

2 

7 

12 

3 

Pestalozzia --- -- 

Sporonema 

22 
68 

2 
4 
17 

19 
15 
15 

1 

49 

9 

15 

Sterile      

5 

i4 
12 

47 
12 

28 
10 

16 

20 

72 
2 

25 

42 

Unidentified 

13 

1    - 

Nov.  15  to  30 

Nov.  1 
to  30, 
1929 

Dec.  15  to  31 

Dec.l 

Fungi 

1966 

1927 

1928 

1926 

1927 

1928 

to  31, 
1929 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

Acanthorhyncus . 

6 
11 
2 

4 

2 
2 

6 

T 

8 
2 

1 
3 

1 

1 
1 

5 

Alternaria -.. 

2 

2 

Botrytis 

Ceuthospora 

3 

3 

3 

3 

Dematium 

Diaporthe 

3 

5 
10 

1 

' 

Fusarium., 

2 

3 

1 

3 

Oloeosporinm 

" 

Glomerella 

3 
39 

Godronia... 

8 
3 
5 
5 

78 
6 

68 

56 

48 

42 

23 
3 

6 

4 
2 

66 

4 

63 

7 

15 
16 

"27" 

66 

74 

Quignardia 

Pfinifillinni  29 

Penicillium 

1 

2 

6 

24 

23 

.... 

3 

1 

2 

7 

6 

.... 

Pestalozzia 

Sporonema 

2 
23 

3 

40 
6 

26 





1 

Sterile 

61 

9 

38 

21 
6 

23 

42 
6 

81 

39 

36 

59 
1 

54 
10 

31 

17 

Unidentified 
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Table  5. — Fungi  present  in  cranberries  of  the  Howes  and  McFarlin  varieties 
from  Massachusetts,  which  spoiled  between  dates  indicated,  expressed  as 
percentage  of  all  berries  from  which  cultures  were  made 


Before  Oct.  15 

Oct.  15  to  31 

Before 

Nov.  1, 
1929 

Fungi 

1926 

1927 

1928 

1926 

1927 

1928 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

n. 

McF. 

H. 

McF. 

Acanthorhyncus. . 

Alf.prnaria 

2 

4 

1 

1 

Botrytis 

Ceuthospora 

::: 

1 

Diaporthe 

32 

14 

9 

2 

8 

3 

5 

18 

2  1          1 

3 

OlnPfisnnriiim 

8 

1 

Glomerella 

29 
18 
9 
2 

35 
14 
9 

4 
2 

80 
12 

12 
46 

11 

36 

3 

3} 

57 

6 
28 

46 
2 

54 
27 
5 

41 
4 
4 

18 

28           47 

22 

47 
7 

3 

3 

Penicillium  29 

11 

2 

3 
5 

Penicilliuin 

4 

4 
1 
1 

2 

4 
2 

5 
2 
23 

9 

5 

2 

12 
3 

17 

Sterile          

21 
28 

24 
24 

4 

4 

29 

42 

4 
3 

6 
5 

4 

7  1        11 

Unidentified 

3  1          3 

Nov.  15  to  30 

Nov.  1 
to  30, 
1929 

Dec.  15  to  31 

Dec.  1 

to  31, 
1929 

Fungi 

vm 

1927 

1928 

1926 

1927 

1928 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

n. 

McF. 

Acanthorhyncus . 

A  Itprnarift 

2 

1 

1 

1 

i 

T)pmntinTTi 

" 

1 

Diaporthe 

"■ 

1 

3 

7 

8 

10 

t 

2 

4 

6 

1 

1  — 

1 

1 
4 
60 
16 

1 

1 
3 

67 
11 

1 
3 

8 
42 

14 
36 
24 

2 

78 
8 
2 

24 
62 

39 
38 

7 

8 

62 

3 

3 

44 
15 

2 

'48' 
2 

1 

34 

5 

25 
34 
15 

"88" 

3 

Godronia 

51 

1 

17 
1 

43 

Quignardia       

1 

Ppnipillinm  29 

4 

5 

1 

3 

1 

1 

1 

20 

Pestalozzia 

1 
17 

1 
3 
6 
6 

2 
4 
26 

— ... 

1 

3 
16 

"7" 

1 

1 

Sterile       

50 

20 

10 

42 

50 

44 

78 
2 

13 

45 

Unidentified 

i 
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,  Table  6. — Fungi  present  in  cranberries  of  the  Howes  and  MdFarlin  varieties 
from  New  Jersey,  which  spoiled  between  dates  indicated,  expressed  as  per- 
centage of  all  berries  from  which  cultures  were  made 


Before  Oct.  15 

Oct.  15  to  31 

Before 

Nov.  1, 
1929 

Fungi 

1926 

1927 

1928 

1926 

1927 

1928 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

Acanthorhyncus- 
\lternaria 

18 

26 

3 

1 

13 

1 

12 

28 
4 

4 

21 
4 

3 

1 

8 



14 

8 

3 

1 

TJpmatiiim 

7 

Diaporthe                   

6 

6 

.... 

1 

4 



1 

9 

2 

T"ii<?arii]m 

6 

4 

Olomerella                  

1 

1 

69 

'T 
3 
1 

16 
3 

23 
3 

26 
1 
6 

8 

32 


41 
2 
11 

4 
2 
41 
4 
2 

6 
2 

77 

8 
15 
42 

3 

11 

68 

3 

10 

"li" 

7 

1 
3 
23 

"7' 

2 

4 

42 

7 

18 
12 

2 
10 
8 

3 

15 
19 
15 

4 
12 
8 
4 

6 

Penicillium  29 

11 

10 
2 

1 
3 

3 
.„_-. 

7 
8 

Pestalozzia            

11 
6 
6 
3 

7 

1 

S  poronema 

3 
13 
10 

3 

Sterile         '      

20 

8 

6 
22 

23 

4 

...... 

11 

14 

3 
3 

61 

Unidentified                     

6 

Nov.  16  to  30 

Nov.  1 
to  30, 
1929 

Dec.  15  to  31 

Dec.l 

Fungi 

1926 

1927 

1928 

1926 

1927 

1928 

to  31, 
1929 

t 

H. 

McF. 

n. 

McF. 

n. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

H. 

McF. 

Acanthorhyncus . 

2 

2 


5 
1 

1 

2 

14 

.... 

3 

2 

1 
3 

2 

1 

2 

Alternaria 

6 

Diaporthe 

4 

14 

6 

6 

G  loeosporium 

2 

Glomerella 

5 
25 
30 

11 

37 

2 

5 
22 
48 

11 
3 
14 

'22' 
22 

10 
4 
29 

1 
4 

17 

1 
2 
18 
2 

9 
9 
9 

Godronia      

65 

57 
4 

52 
1 

57 
4 

11 

1 

26 

4 

Guignardia 

Penipillium  29      . 

2 
4 

Penicillium 

1 

10 
5 

11 

— - 

1 

...... 

19 

Pestalozzia 

5 

1 

28 

2 

13 

Sporonema 

1 
83 

1 

63 
10 

Sterile 

24 

34 

46 
3 

8 
2 

17 
37 

55 

35 
10 

34 

34 

67 

48 
3 

67 

72 

Unidentified 

The  same  information  is  summarized  for  the  seven  most  important 
fungi  and  for  sterile  breakdown  in  Figures  36  to  39,  except  that 
in  the  graphs  the  storage  season  is  divided  into  but  two  periods — 
that  before  November  1  (approximately  two  months)  and  the  period 
from  November  1  to  December  31.  Field  rot  if  present  is  included 
in  the  first  period.  The  vertical  line  dividing  the  bars  represents 
November  1,  the  solid  portion  of  the  bar  the  rot  up  to  November  1, 
and  the  open  portion  that  between  November  1  and  December  31. 
The  graphs  are  designed  to  show  for  each  region  both  the  per- 
centage of  total  spoilage  and  the  portion  of  the  work  done  by  each 
fungus  before  November  1  and  between  November  1  and  Decem- 
ber 31. 

It  should  be  remembered  that  the  figures  in  Tables  3  to  6  and  in 
Figures  36  to  39  have  no  absolute  value  in  terms  of  actual  spoilage 
of  berries  but  represent  the  relative  abundance  of  the  different  fungi 
in  spoiled  berries.  For  example,  there  was  a  marked  difference  in 
amount  of  rot  in  New  Jersey  Howes  in  1927  as  compared  with 
59646" 
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the  amount  in  1928  or  1929,  yet  the  relative  proportion  of  rotten 
berries  which  contained  the  end-rot  fungus  was  about  the  same  in 
the  three  years,  and  on  such  graphs  as  these  they  would  appear 
equal. 

On  the  basis  of  these  findings,  it  is  evident  that  the  cranberry 
fruit-rot  problem  in  Oregon,  Washington,  and  Wisconsin  pertains 
chiefly  to  the  end-rot  fungus  (Godronia).  In  Massachusetts  the  late 
storage  rot  is  largely  end  rot,  but  Guignardia  and  Diaporthe  are  of 
appreciable  importance  as  early  rots,  and  Glomerella  is  the  most 
important  of  the  early  rots.     Not  only  is  the  latter  fungus  more 


Figure  36. — Comparison  of  frequency  of 
occurrence  of  fungi  before  and  after 
November  1  in  spoiled  cranberries  from 
Oregon,  The  values  indicated  repre- 
sent, respectively,  tbe  average  percent- 
age of  times  each  fungus  developed  in 
all  cultures  of  Howes  and  McFarlin 
berries  made  prior  to  November  1 
(solid  portions  of  columns)  in  1926 
and  1927,  and  after  November  1  (open 
portions  of  columns) 


Figure  37. — Comparison  of  frequency  of 
occurrence  of  fungi  before  and  after 
November  1  in  spoiled  cranberries  from 
Wisconsin.  The  values  indicated  rep- 
resent, respectively,  the  average  per- 
centage of  times  each  fungus  developed 
in  all  cultures  of  Howes  and  McFar- 
lin berries  made  prior  to  November  1 
(solid  portions  of  columns)  in  1926 
to  1929,  inclusive,  and  after  Novem- 
ber 1   (open  portions  of  columns) 


important  than  any  other  early  fungus  in  Massachusetts,  but  it  is 
more  important  in  Massachusetts  than  in  any  other  State. 

In  New  Jersey,  on  the  other  hand,  while  end  rot  is  of  some  impor- 
tance as  a  late  rot,  its  supremacy  is  not  so  marked,  and  among  the 
early  rots  it  occupies  a  minor  place.  In  contrast  with  conditions  in 
Massachusetts,  Glomerella  occupies  third  place  among  the  early  rots, 
being  exceeded  by  both  Guignardia  and  Acanthorhyncus,  as  pointed 
out  by  Shear  in  1907  {61).  It  should  be  further  noted  that  these 
differences  were  shown  by  cranberries  of  the  same  varieties  in  the 
different  regions. 

Study  of  Tables  3  to  6  and  Figures  36  to  39  shows  that  early  in 
the  storage  season  the  dominant  fungi  are  those  that  produce  the 
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field  rots,  whereas  in  the  latter  half  of  the  storage  period,  approxi- 
mately from  November  1  on,  spoilage  is  most  commonly  caused  by 
the  end-rot  fungus  or  by  sterile  breakdown. 

CLIMATES  OF   DIFFERENT   CRANBERRY   SECTIONS   IN   RELATION 
TO  ABUNDANCE  OF  VARIOUS  FUNGI 

The  mean  monthly  temperature  and  precipitation  for  certain  sta- 
tions in  the  different  cranberry  regions,  as  published  by  the  United 
States  Weather  Bureau,  are  given  in  Table  7.  A^Tiile  these  data,  of 
course,  do  not  show  all  the  conditions  under  which  cranberries  are 


Figure  38. — Comparison  of  frequency  of 
occurrence  of  fungi  before  and  after 
November  1  in  spoiled  cranberries  from 
New  Jersey.  The  values  indicated 
represent,  respectively,  the  average  per- 
centage of  times  each  fungus  developed 
In  all  cultux-es  of  Howes  and  McFar- 
lin  berries  made  prior  to  November  1 
(solid  portions  of  columns)  in  1926  to 
1929,  inclusive,  and  after  November  1 
(open  portions  of  columns) 


Figure  39. — Comparison  of  frequency  of 
occurrence  of  fungi  before  and  after 
November  1  in  spoiled  cranberries  from 
Massachusetts.  The  values  indicated 
represent,  respectively,  the  average  per- 
centage of  times  each  fungus  developed 
in  all  cultures  of  Howes  and  McFar- 
lin  berries  made  prior  to  November  1 
(solid  portions  of  columns)  in  1920  to 
1929,  inclusive,  and  after  November  1 
(open  portions  of  columns) 


grown,  they  give  a  fairly  complete  picture  of  climatic  conditions  in 
the  chief  centers  of  commercial  cranberry  culture  in  the  United 
States.  Lakewood  and  Indian  Mills  are  near  important  cranberry 
areas  in  New  Jersey.  The  towns  of  Plymouth  and  Wareham,  Mass., 
have  large  acreages  of  cranberries.  Wisconsin  Rapids  is  near  the 
largest  center  of  cranberry  culture  in  Wisconsin.  North  Head  and 
Astoria  are  the  nearest  available  stations  to  the  cranberiy-growing 
regions  of  Washington  and  Oregon,  and  while  neither  one  actually 
represents  conditions  on  the  bogs  themselves,  the  mean  temperatures 
certainly  approximate  conditions  on  the  cranberry  bogs  much  more 
nearlv  than  any  others  available. 
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Table  7. — Mean  monthly  temperature  i°F.)  and  precipitation  (inches)  for 
a  period  of  years  in  the  principal  cranherry-growing  regions  of  the  United 
states 

[Data  from  reports  of  U.  S.  Weather  Bureau] 

TEMPERATURE 


Num- 

1 

ber  of 

Station 

years 
record- 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Pec. 

ed 

Lakewood,  N.  J 

25 

31.3 

29.7 

39.6 

49.4 

60.2 

67.5 

72.8 

71.1 

64.6 

65.1 

42.8 

33.  6 

Indian  MUls,  N.  J... 

40 

31.9 

31.8 

40.5 

50.3 

62.1 

69.8 

74.7 

72.6 

66.1 

58.6 

42.9 

33  8 

Plymouth,  Mass 

40 

28.3 

27.3 

35.2 

45.0 

55.4 

65.1 

69.4 

67.1 

59.5 

62.2 

42.0 

31.5 

E  ast  W  areham ,  M  ass . 

(') 

23.2 

27.3 

35.0 

43.5 

54.6 

62.7 

69.2 

67.6 

61.5 

62.5 

42.0 

31.5 

North  Head,  Wash.. 

41 

42.1 

43.0 

45.2 

47.5 

60.9 

54.8 

57.2 

57.6 

56.5 

52.9 

48.2 

44.1 

Astoria,  Oreg 

70 

40.2 

42.4 

45.3 

49.1 

52.9 

57.5 

60.9 

61.3 

58.8 

53.8 

47.2 

42.1 

Wisconsin     Rapids, 

Wis            -      

31 

12.7 

14.7 

22.9 

44.4 

56.2 

66.1 

70.2 

67.8 

60.5 

48.1 

32.9 

19  9 

PRECIPITATION 

Lakewood,  N.  J 

IndianMills,  N.  J.-- 

Plymouth,  Mass 

East  Wareham,  Mass. 
North  Head,  Wash.. 

Astoria,  Oreg 

Wisconsin     Rapids, 
Wis... 


25 

3.68 

3.57 

4.08 

3.67 

3.40 

3.71 

4.85 

6.06 

2.79 

3.59 

2.46 

40 

3.82 

3.45 

4.03 

3.42 

3.24 

4.23 

4.66 

5.93 

3.91 

4.44 

3.08 

40 

4.25 

4.06 

4.57 

4.32 

3.42 

3.03 

3.41 

3.70 

3.28 

3.97 

4.01 

(0 

3.05 

4.08 

2.91 

3.88 

3.  67 

3.14 

3.56 

4.33 

2.80 

2.72 

4.23 

41 

8.78 

7.45 

5.56 

4.14 

2.95 

2.28 

.96 

.91 

2.48 

4.11 

7.44 

70 

12.02 

9.00 

8.50 

6.37 

3.72 

2.96 

1.17 

1.30 

3.43 

5.77 

11.03 

31 

1.35 

.91 

1.82 

2.09 

4.49 

3.67 

3.26 

3.29 

3.53 

2.48 

1.83 

4.67 
4.40 
4.12 
4.33 
8.33 
11.94 

1.33 


1  The  figures  for  East  Wareham,  Mass.,  are  averages  of  all  the  data  available  at  that  point.  This  includes 
June,  July,  August,  and  September  for  19  years,  May  and  October  for  16  years,  and  the  remaining  months 
or  3  or  4  years  each. 

Continued  study  has  convinced  the  writers  that  the  conditions  that 
govern  the  prevalence  of  the  end-rot  fungus  are,  in  general,  in  strik- 
ing contrast  to  those  that  govern  the  prevalence  of  the  early-rot 
fungi.  This  relation  must  be  borne  in  mind  not  only  in  studying  the 
fungi  themselves  but  in  the  practical  handling  of  the  crop.  Even 
abundant  field  rot  apparently  does  not  necessarily  mean  great  loss 
in  storage  late  in  the  season.  Comparative  freedom  from  early  rots, 
on  the  other  hand,  is  often  followed  by  severe  breakdown  after  No- 
vember 15.  In  practice  this  amounts  to  a  difference  in  the  behavior 
of  early  and  late  varieties,  but  there  is  little  to  indicate  that  the 
difference  is  really  varietal.  It  seems  rather  to  relate  to  the  time  at 
which  the  berries  are  sold,  as  is  plainly  evidenced  by  those  tests  in 
which  early  varieties  are  held  late  for  experimental  purposes. 

STERILE  BREAKDOWN 

As  will  be  seen  from  the  figures  in  Tables  3  to  6,  there  was  in  all 
lots  a  significant  percentage  of  the  spoiled  berries  which  failed  to 
show  fungi.  The  death  of  these  berries  is  attributed  to  sterile  break- 
down or  senescence.  Sterile  breakdown  was  even  more  important 
after  January  1.  A  detailed  discussion  of  the  factors  involved  in  the 
increase  and  control  of  sterile  breakdown  would  be  out  of  place  here, 
but  in  general  it  has  been  shown  that  careful  handling,  adequate 
ventilation,  and  sufficiently  low  temperatures  tend  to  prolong  the  life 
of  the  cranberries  as  well  as  to  retard  the  growth  of  many  of  the 
rot-producing  fungi. 
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In  general,  length  of  frostless  season  is  of  less  importance  for 
the  cranberr;^  under  cultivation  than  for  most  crops,  as  it  is  to  some 
extent  artificially  regulated,  sometimes  by  holding  the  flowage  water 
late  in  the  spring  and  often  by  reflowing  to  prevent  injury  from 
either  late  spring  or  early  fall  frosts.  Cranberries  come  into  blos- 
som in  late  June  or  early  July  in  Massachusetts,  New  Jersey,  and 
Wisconsin,  and  the  berries  normally  ripen  from  the  first  to  the 
third  week  in  September,  according  to  variety,  in  all  of  these  States. 
On  the  Pacific  coast  the  blossom  period  is  long,  extending  (accord- 
ing to  variety)  from  the  middle  of  June  to  the  middle  of  July,  and 
the  berries  mature  about  September  15,  but  in  exceptional  years 
they  have  been  known  to  mature  both  earlier  and  later. 

For  the  five  months  from  May  to  September,  inclusive.  New  Jersey 
is  warmer  and  the  Pacific  coast  markedly  cooler  than  the  others, 
while  the  mean  temperatures  for  Massachusetts  and  Wisconsin  are 
intermediate.  The  mean  rainfall  for  May  and  September  is  simi- 
lar in  all  localities.  However,  for  the  intervening  months,  June, 
July,  and  August,  the  rainfall  for  New  Jersey  is  heavier  and  that 
for  Oregon  and  Washington  lighter,  whereas  Wisconsin  and  Massa- 
chusetts are  again  intermediate  and  in  close  agreement. 

The  contrasts  in  conditions  for  the  period  from  November  to 
March  are  greater.  During  these  months  the  temperatures  in  Ore- 
gon are  much  warmer  and  the  precipitation  much  greater  than  in 
any  of  the  other  States,  whereas  Wisconsin  is  decidedly  colder  and 
drier  than  the  other  regions.  These  differences  to  some  extent  in- 
fluence cultural  and  control  methods  and  will  be  discussed  later. 

A  comparison  of  the  temperature  data  just  presented  with  what 
is  known  of  the  temperature  relations  of  the  fungi  from  their  growth 
in  pure  culture  shows  certain  very  interesting  correlations.  On  the 
basis  of  cultures  made  from  rotted  cranberries  in  the  Pacific  coast 
region  during  the  years  1922  to  1925  (^),  the  results  of  which  agreed 
with  similar  cultures  made  on  Oregon  berries  stored  at  Chicago  dur- 
ing 1926  and  1927,  the  four  species  of  greatest  importance  in  that 
region  are  shown  to  be  Godronia  cassand/i^ae^  Diaporthe  vacdnii, 
Sporotieina  oxycocci^  and  Ceuthospora  lunata.  Three  of  these  fungi, 
including  the  end-rot  fungus,  which  caused  the  destruction  of  well 
over  half  of  all  the  cranberries  in  the  storage  test,  show  growth  on 
culture  media  at  2i/^°  or  at  0°  C.  The  fourth  fungus  of  this  group, 
Diaporthe,  grows  well  at  5°.  In  contrast  to  the  effectiveness  in 
Washington  and  Oregon  of  cranberry  fungi  that  grow  readily  at  low 
temperatures,  those  fungi  which  have  higher  temi:)crature  ranges  and 
which  grow  relatively  little  or  none  at  5°  are  rare.  In  this  connec- 
tion it  may  be  noted  that  the  prediction  made  in  1917  (7i),  before 
the  fungi  of  the  region  had  been  carefully  studied,  that  the  problem 
of  fungus  control  on  the  west  coast  would  be  quite  different  from 
that  in  the  eastern  part  of  the  United  States,  has  been  abundantly 
fulfilled. 

In  New  Jersey,  on  the  other  hand,  the  high-temperature  fungi 
predominate,  and  there  alone  they  are  able  to  compete  successfully 
with  Godronia  cassandrae  as  the  cause  of  storage  rot.  Temperature 
is  an  important  factor  in  determining  the  abundance  of  these  high- 
temperature  fungi,  for,  as  the  graphs  and  tables  show,  climatic  tem- 
peratures are  higher  throughout  the  growing  season  in  New  Jersey 
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than  in  any  omer  cranberry  section.  This  difference  is  more  striking 
if  one  considers  only  temperatures  that  can  be  efficiently  utilized  by 
such  fungi  as  Glomerella  and  Acanthorhyncus.  The  area  inclosed 
{71)  between  the  50°  line  and  the  line  of  mean  temperature  for  New 
Jersey  is  approximately  50  per  cent  greater  than  the  areas  similarly 
inclosed  by  the  lines  of  mean  temperature  for  Massachusetts  and 
Wisconsin.  Even  this  does  not  fully  represent  the  difference  in  favor 
of  the  high-temperature  fungi. 

One  of  the  best-known  methods  for  expressing  the  relative  effi- 
ciency of  climatic  temperatures  of  different  regions  with  respect  to 
plant  growth  is  that  known  as  the  remainder  summation  method; 
that  is,  a  simple  summation  of  daily  mean  temperatures  above  a  zero 
point  chosen  with  reference  to  a  particular  plant.  In  an  attempt  to 
express  more  nearly  the  actual  efficiency  of  the  temperature  of  the 
different  cranberry-growing  regions  with  respect  to  the  growth  of 
high-temperature  fungi,  remainder  summation  indexes  have  been 
computed  for  the  growing  season,  47°  F.,  the  minimum  temperature 
at  which  Glomerella  cingulata  grows  readily,  being  used  as  a  zero 
point.  These  are  as  follows :  Wisconsin  Kapids,  Wis.,  2,371 ;  Middle- 
boro,  Mass.,  2,555;  Indian  Mills,  N.  J.,  4,600;  North  Head,  Wash., 
1,896.  It  will  be  noted  that  the  temperature  efficiency  index  as  com- 
puted for  such  a  high-temperature  fungus  as  Glomerella  cingulata  is 
practically  twice  as  great  for  the  New  Jersey  station  as  for  either  the 
Wisconsin  or  Massachusetts  stations.  Unquestionably  this  and  other 
high-temperature  fungi  on  an  average  do  twice  as  much  damage  in 
New  Jersey  as  in  any  of  the  other  localities. 

The  correlation  between  the  temperature  relations  of  the  fungi 
abundant  in  certain  regions  and  the  climatic  temperatures  of  those 
regions  is  so  striking  that  it  seems  as  if  there  must  be  some  direct 
causal  connection. 

RELATION  BETWEEN  GROWING-SEASON  WEATHER  AND  KEEPING 
QUALITY  OF  THE  CRANBERRY  CROP  IN  MASSACHUSETTS 

The  rather  extensive  studies  made  during  the  last  seven  years  on 
the  relation  of  weather  to  the  keeping  quality  of  the  cranberry  crop 
in  Massachusetts  have  been  prepared  for  separate  publication.''  It 
may  be  stated  here,  however,  that  no  relation  has  yet  been  found 
in  this  region  between  rainfall  during  the  growing  season  and  the 
keeping  quality  of  the  crop.  This  applies  both  to  total  rain  and  to 
frequency  of  rainfall. 

The  relation  that  seems  to  exist  between  keeping  quality  of  the 
crop  and  the  temperature  of  certain  critical  periods  is  shown  in 
Table  8.  Temperature  is  here  expressed  as  a  simple  summation  of 
daily  mean  temperatures  minus  50;  that  is,  for  the  purpose  of  this 
study  50°  F.  was  considered  as  the  zero  point.  The  estimates  of 
keeping  quality  from  1912  to  1925,  inclusive,  are  based  on  reports  of 
H.  S.  Griffith  to  the  New  England  Cranberry  Sales  Co.,  published  in 
the  annual  reports  of  that  company  (^5),  which  have  been  deposited 
in  the  libraries  of  experiment  stations  in  all  cranberry-growing 
States,  as  well  as  in  the  library  of  the  United  States  Department  of 
Agriculture. 

»  Stevens,  N.  E.  Weather  in  relation  to  the  keeping  quality  of  the  cranberry 
CROP  in  MASSACHUSETTS  Manuscript  submitted  to  Massachusetts  Agricultural  Experi- 
ment Station ;  not  yet  publistied. 
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Table  8. — Size  and  keeping  quality  of  the  cranberry  crop  of  Massachusetts  and 
temperature   summations   for   Wareham,   Mass. 


Barrels 

Keeping  quality 

Temperature  summation 

Year 

Early  Black 

Howes 

May  and 
June 

July  and 
August 

Septem- 

1912 

318,000 
339,000 
455,000 
221,000 
338,000 
121,000 
195,000 
360,000 
277,000 
185,000 
305,000 
400,000 
300,000 
429,000 
425,000 
360,000 
335,000 

Poor  

Poor... 

607 
522 
625 
512 
520 
528 
590 
632 
451 
595 
770 
567 
473 
658 
400 
463 
495 
646 

1,095 
1,152 
1,056 
1,094 
1,150 
1,287 
1,161 
1,165 
1,197 
1,132 
1,165 
973 
1,111 
1,125 
1,072 
1,071 
1,314 
1,070 

335 

1913 

Good 

Good 

298 

1914        

345 

1915 

Fair          .  .      .  . 

Poor         -  - 

430 

1916 

Good 

Good 

390 

1917 

do .-_ 

do  -      

246 

1918 

do 

do 

279 

1919 

Poor      -  .--  -  ... 

Poor 

364 

1920 

Very  good 

Very  good 

391 

1921 

Fair     

Fair 

483 

1922 

Very  poor 

Very  poor 

380 

1923 

Good ..  .. 

Good 

371 

1924 

do 

do 

303 

1925 

do 

do 

361 

1926     

do 

do 

Poor 

275 

1927 

Fair 

358 

1928 

342 

1929 

Poor 

Poor 

390 

Keeping  quality  is  the  result  of  the  interaction  of  many  factors, 
such  as  the  prevalence  of  rot  fungi  at  times  favorable  for  infection, 
the  resistance  of  the  cranberry  to  the  attacks  of  these  fungi,  and  the 
longevity  of  the  berry  itself ;  that  is,  its  resistance  to  internal  break- 
down. Our  knowledge  of  all  these  factors  is  very  limited,  but  it  is 
somewhat  more  satisiactory  regarding  the  physiology  of  the  fungi 
than  regarding  the  physiology  of  the  berries  themselves. 

In  view  of  what  is  Imown  of  the  temperature  relations  of  cran- 
berry-rot fungi,  especially  those  that  are  more  destructive  during 
the  early  part  of  the  season,  it  is  obvious  that  high  September  temper- 
atures such  as  those  that  existed  in  1915  and  1921  must  be  unfavorable 
to  the  keeping  quality  of  early  berries. 

A  fairly  constant  relation  seems  to  exist  between  the  keeping 
quality  and  the  climatic  temperatures  during  May  and  June.  (Table 
8.)  The  Early  Black  was  rated  as  having  poor  or  very  poor  keeping 
quality  every  year  in  which  the  temperature  summations  for  May 
and  June  exceeded  600,  except  in  1925,  when  the  temperature  was 
abnormally  high  because  of  a  few  very  hot  days,  which  did  not  seem 
to  affect  the  crop  very  much.  On  the  other  hand,  the  very  best  years, 
1920  and  1928,  had  temperature  summations  below  500  for  these 
months,  and  in  all  the  years  in  which  the  temperature  summation  for 
these  months  was  below  500  the  Early  Black  showed  good  keeping 
qualit3^ 

As  regards  the  Howes;  that  is,  the  late  berries,  a  high  May  and 
June  temperature  seems  always  to  have  been  associated  with  poor 
keeping  quality,  but  low  spring  temperatures  were  associated  with 
poor  keeping  quality  for  the  Howes  in  1915  and  1926.  In  both  these 
years  July  and  August  were  unusually  cool,  as  indeed  they  were  in 
several  of  the  other  poor  years. 

So  constantly  are  high  spring  temperatures  and  low  summer  tem- 
peratures associated  with  poor  keeping  quality  that  it  seems  highly 
probable  that  there  must  be  soi^e  causal  connection.    At  least  tliese 
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relations,  when  taken  in  conjunction  with  incubator  tests,  have  served 
during  the  last  seven  years  to  give  a  very  satisfactory  indication  of 
the  keeping  quality  of  the  crop. 

FUNGOUS  DISEASES  OF  THE   CRANBERRY  AND  THEIR 

CONTROL 

VINE  DISEASES 

The  cranberry  fungi  of  greatest  economic  importance  are  those  that 
cause  fruit  rots.  Several  vine  diseases  caused  by  fungi  are,  however, 
of  sufficient  importance  to  warrant  mention. 

FAIRY  RING 

(Caused  by  the  fungnsi  Psilocybe  agrariella  vaccina,  p.  12,  and  perhaps  other 

fungi  also) 

The  disease  here  called  fairy  ring  has  long  been  recognized  in 
Massachusetts  and  New  Jersey.  It  is  especially  apt  to  be  found  on 
old  cranberry  bogs  and  has  usually  been  called  ringworm.  While 
this  name  must  be  abandoned  because  it  is  misleading,  it  is  certainly 
a  very  natural  and  descriptive  term,  as  the  disease  in  its  most  notice- 
able form  causes  distinct  rings  of  dead  or  dying  vines  which  are  con- 
spicuous from  the  upland  near  the  bog.  The  first  sign  of  the  disease 
is  a  small  area  of  dead  or  weak  vines  in  a  bog.  Dead  areas  may,  of 
course,  be  due  to  the  work  of  insects.  In  the  case  of  the  fairy-ring 
disease,  however,  the  area  of  dead  vines  advances  outward  in  all 
directions  at  a  rate  of  from  1  to  II/2  feet  per  year.  When  the  dead 
area  reaches  a  diameter  of  from  4  to  6  feet  the  middle  usually  be- 
comes "  vined  over  "  with  healthy  cranberry  plants,  thus  forming 
the  "  ring." 

It  seems  to  be  well  established  that  these  rings  are  true  "fairy 
rings  "  similar  to  those  long  known  in  lawns  and  pastures  and  which 
are  caused  by  various  fungi  (S6),  The  death  of  the  vines  is  caused 
by  the  dense  mat  of  mycelium  developed  by  the  fungus.  As  the 
mycelium  of  the  fungus  advances  outward,  the  ring  increases  in  size, 
and  the  dying  out  of  the  fungous  growth  of  previous  years  permits 
the  cranberry  vines  to  grow  back  inside  the  ring. 

The  fungus  rarely  fruits  on  the  bog  under  natural  conditions,  but 
fruiting  bodies  are  readily  produced  on  sods  from  certain  rings  if 
the  sods  are  kept  moist  and  shaded.  Or,  if  a  sod  is  removed  from 
the  active  zone  in  June  or  early  July  and  the  hole  shaded  and  kept 
moist,  fruiting  bodies  are  often  produced  along  the  vertical  walls. 

The  death  of  the  plants  is  apparently  due  not  to  direct  injury  but 
to  the  fact  that  the  dense  mat  of  mycelium  of  the  fungus  cuts  off  the 
water  and  food  supply.  For  this  reason  the  injury  is  most  evident 
during  dry  seasons  and  may  not  be  noted  during  rainy  seasons. 
Fairy  rings  are  of  small  economic  importance  but  attract  much  atten- 
tion because  on  level  bogs  free  from  weeds  they  are  conspicuous. 
The  advance  of  rings  may  be  stopped  by  ditching,  and  there  is  some 
indication  that  copper  sulphate  applied  at  the  rate  of  1  gallon  of  5 
per  cent  solution  per  square  foot  may  stop  the  advance  of  the  rings. 
As  noted  above,  the  effect  of  the  disease  may  be  largely  hidden  by 
keeping  the  bog  wet,  especially  if  ^  little  fertilizer  is  added  to  the 
diseased  area. 
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RED  GALL 

(Caused  by  Syncliytrium  vaccina  Thomas,  p.  12) 

The  red  gall  of  cranberries  is  a  disease  which  once  seen  is  very 
easily  recognized.  The  disease  usually  appears  just  before  the  blos- 
soms open.  The  buds,  young  leaves,  and  shoots  become  more  or  less 
covered  with  small,  red,  somewhat  irregular  globular  galls  about  the 
size  of  small  shot.     The  affected  shoots  produce  no  fruit. 

Ked  gall  is  erratic  in  its  occurrence.  The  cases  thus  far  observed 
have  appeared  on  a  large  number  of  plants  on  certain  bogs  during  a 
particular  season  and  have  frequently  disappeared  the  next  season. 
The  distribution  and  development  of  the  parasite  seem  to  depend 
primarily  upon  the  water  conditions  of  the  bog  and  the  amount  and 
distribution  of  the  rainfall.  The  spores  of  the  fungus  are  adapted 
to  distribution  by  water.  This  disease  has  been  found  thus  far  only 
in  eastern  cranberry  bogs  and  most  frequently  in  New  Jersey. 

No  certain  means  of  prevention  is  known  (63),  but  fortunately  the 
disease  is  not  often  of  such  severity  as  to  cause  concern. 

ROSE  BLOOM 

(Caused  by  Exohasidium  oxy cocci,  p.  11) 

The  disease  of  cranberry  plants  known  as  rose  bloom  has  attracted 
an  amount  of  attention  out  of  proportion  to  its  j)ractical  importance, 
owing  to  the  fact  that  its  symptoms  are  so  conspicuous.  The  disease 
first  makes  its  appearance  on  winter-flowed  bogs  soon  after  the  water 
has  been  removed  in  the  spring.  The  buds  in  the  axils  of  the  leaves, 
which  usually  remain  dormant,  are  attacked  by  the  fungus,  which 
stimulates  growth.  Abnormal  lateral  shoots  bearing  enlarged  pink 
or  light  rose-colored  leaves  are  the  result.  (PL  1,  C.)  These 
colored  hypertrophied  leaves,  being  somewhat  crowded  together,  bear 
a  superficial  resemblance  to  a  flower.  This  has  led  to  the  use  of  the 
common  names,  rose  bloom  and  false  blossom.  The  term  "  false 
blossom,"  however,  should  be  restricted  to  another  disease  of  a  very 
different  character.     (See  p.  43.) 

Eose  bloom  is  occasionally  abundant  in  Washington  and  Oregon. 
It  occurs  to  some  extent  almost  every  year  in  Massachusetts  on  plants 
of  the  Howes  and  Matthews  varieties.  This  disease  has  been  con- 
trolled by  flooding  the  affected  bog  for  from  36  to  40  hours  when  the 
diseased  growth  reaches  almost  full  size  but  before  spores  are  dis- 
charged (m,  p,  192;  22,  p.  108-109;  2i,  p.  161), 

RED   LEAF  SPOT 

(Caused  by  Exohasidium  vaccinii,  p.  11) 

Red  leaf  spot  is  caused  by  a  fungus  very  closely  related  to  the  one 
producing  rose  bloom;  in  fact,  some  investigators  regard  them  as 
merely  forms  of  the  same  species.  The  effect  upon  the  plant,  how- 
ever, is  quite  different.  The  red  leaf  spot  produces  a  more  or  less 
circular  spot  upon  the  leaf  and  is  usually  bright  red,  especially  on  the 
upper  side.  (PL  1,  D.)  On  the  lower  side  the  spot  is  paler  and 
covered  with  fine  spore-bearing  filaments  of  the  fungus,  giving  the 
appearance  of  a  dense  bloom  or  powder.  Under  most  favorable 
conditions  the  fungus  occasionally  attacks  the  fruit,  causing  elevated, 
circular,  bright  red  spots  on  green  berries.     (PL  3,  B  and  C.)     Though 
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the  fungi  producing  rose  bloom  and  red  leaf  spot  are  so  closely 
related,  the  two  diseases  have  been  rarely  found  to  occur  together. 
Occasionally  they  may  be  found  on  the  same  bog,  but  rarely  or  never 
on  the  same  plant. 

Red  leaf  spot  has  been  found  in  all  cranberry-growing  sections,  but 
it  usually  does  not  cause  serious  injury.  In  general,  it  is  most 
abundant  under  conditions  of  excessive  moisture,  whether  due  to  fog, 
rain,  or  lack  of  adequate  air  drainage.  In  Washington  and  Oregon 
(4)  this  difeease  is  commonly  associated  with  black  spot,  described 
below,  and  the  two  diseases  combined  occasionally  do  serious  damage. 

BLACK  SPOT 

(Caused  by  Mycosphaerella  nigro-maeulans,  p.  11) 

Black  spot  is  a  cause  of  occasional  damage  in  the  Pacific  Northwest. 
It  is  also  sometimes  found  in  Wisconsin  and  other  cranberry  sections, 
but  not  frequently  enough  to  be  of  economic  importance.  As  noted 
above,  the  disease  often  appears  in  association  with  red  spot  and 
generally  occurs  under  conditions  of  excessive  humidity. 

Outbreaks  of  the  disease  may  appear  at  any  time  during  the  grow- 
ing season.  The  fungus  apparently  gains  entrance  through  leaves 
and  attacks  the  stems  about  the  leaf  base,  forming  elongated  black 
spots  that  coalesce  and  often  completely  girdle  the  stem.  Girdling 
is  followed  by  defoliation  and  death  of  the  portion  of  the  plant 
beyond  the  affected  part.  The  dead  stems  become  thickly  covered 
with  minute  black  fungous  fruiting  bodies  which  produce  spores  the 
following  spring.  In  severe  cases  most  of  the  uprights  in  a  diseased 
area  may  be  killed.  The  same  fungus  occasionally  attacks  the  fruit, 
causing  conspicuous  sunken  black  spots.     (PI.  3,  D.) 

It  has  been  demonstrated  that  the  disease  may  be  controlled  by 
repeated  applications  of  Bordeaux  mixture,  but  control  measures 
other  than  cutting  back  the  trees  and  brush  surrounding  the  bog  to 
facilitate  air  drainage  are  rarely  warranted. 

HARD  ROT   (COTTON  BALL)  AND  TIP  BLIGHT 

(Caused  by  Sclerotinia  oxycocci,  p.  9) 

The  disease  known  as  hard  rot  or  cotton  ball  and  tip  blight  occurs 
in  Wisconsin  and  the  Pacific  Northwest,  but  has  not  been  found  in 
the  cranberry  sections  of  the  eastern  part  of  the  United  States.  The 
tip-blight  phase  of  the  disease  is  unimportant  as  affecting  the  well- 
being  of  the  bog,  since  only  a  very  small  proportion  of  plants  is  ever 
attacked,  but  the  fruit-rot  phase  occasionally  assumes  serious  propor- 
tions. The  disease  has  never  been  known  to  break  out  over  an 
extensive  area,  but  is  confined  to  small  bogs  or  to  certain  parts 
of  larger  bogs  where  the  environment  apparently  favors  its 
development. 

The  fungus  causing  the  disease  overwinters  in  the  form  of 
sclerotia  in  mummied  berries.  (PI.  2,  A,  B,  D,  and  pi.  3,  L,  M,  N.) 
In  the  spring  at  about  the  time  cranberry  vines  start  growing  the 
sclerotia  give  rise  to  the  sporulating  form,  which  carries  the  infec- 
tion to  the  current  season's  growth.  The  first  symptom  of  the  disease 
to  be  observed  on  the  plants  is  the  blighting  of  growing  tips  just 
before  the  blossoming  period.  (PL  1,  A,  B.)  Affected  tips  wilt,  dry 
up,  turn  brown,  and  while  still  attached  to  the  vines  are  bent  into 
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characteristic  shapes  by  the  development  of  lateral  swollen  areas 
along  the  dead  stems.  The  swollen  portions  soon  become  covered 
with  grayish  powdery  masses  of  spores,  which  serve  to  infect  the 
fruit. 

Berry  infection  takes  place  during  the  blossoming  period.  Dis- 
eased berries  appear  to  grow  normally  throughout  the  summer, 
showing  no  external  evidence  of  the  fungus,  although  a  white  cot- 
tony mass  of  mycelium  is  developing  about  the  seed,  as  may  be 
readily  seen  upon  cutting  an  infected  berry.  The  rot  begins  to 
develop  actively  as  the  berries  approach  maturity.  Instead  of  col- 
oring up  naturally,  diseased  berries  become  a  more  or  less  yellowish- 
white  color,  and  instead  of  becoming  softened,  as  in  the  case  of  most 
other  fungous  rots,  the  tissues  remain  rather  firm  and  leathery,  and 
the  interior  of  the  berry  is  densely  packed  with  the  white  cottony 
fungous  growth.  The  appearance  of  diseased  berries  at  this  stage 
is  well  marked  and  easily  recognized  when  once  seen.  (PL  3,  E-N.) 
Later  in  the  season  the  berries  shrivel  somewhat,  harden,  and  finally 
become  mummified. 

MINOR  IMPORTANCE   OF   FIELD   DISEASES   CAUSED   BY   FUNGI 

The  diseases  already  discussed  are  field  diseases  and  may  fairly 
be  classed  as  minor  troubles.  That  is,  while  they  are  sometimes 
locally  serious  and  often  conspicuous,  they  have  never  been  known 
to  assume  great  commercial  importance.  It  is  doubtful  if,  all  to- 
gether, they  have  during  any  one  year  reduced  the  cranberry  crop 
of  the  United  States  by  2  per  cent. 

In  general,  there  are  no  cranberry  diseases  that  cause  serious  in- 
jury to  the  plant  (as  distinguished  from  the  flower  and  fruit)  except 
false  blossom  and  injuries  from  flooding  and  frost.^^  This  may  be 
due  in  part  to  the  fact  that  the  cranberry  occupies  a  position  almost 
unique  in  the  horticulture  of  the  United  States ;  that  is,  it  is  a  native 
plant  grown  chiefly  within  its  natural  range  and  one  which  has  never 
as  yet  been  influenced  by  artificial  crossing  or,  so  far  as  is  known, 
affected  by  fungi  recently  introduced  from  outside. 

CRANBERRY  FRUIT  ROTS 

From  a  commercial  standpoint  the  chief  problem  in  the  control 
of  fungous  diseases  of  the  cranberry  is  that  of  fruit  rots.  To  the 
solution  of  this  problem  most  of  the  study  of  cranberry  diseases  has 
been  directed.  It  is  only  fair  to  add  that,  while  material  progress 
has  been  made  both  in  knowledge  of  the  diseases  and  in  improved 
commercial  practices,  further  study  and  experiment  in  this  field 
should  continue  to  yield  valuable  results. 

Common  names  have  frequently  been  used  in  the  literature  to 
designate  the  rots  caused  by  specific  fungi.  For  convenience,  the 
names  of  these  rots  and  their  respective  causal  organisms  are  listed 

"  The  disease  known  as  false  blossom  is  well  known  to  be  of  very  great  commercial  im- 
portance. This  disease  is  not  caused  by  a  fungus  and  is  not  discussed  in  this  bulletin. 
Information  regarding  it  is  contained  in  Circular  147  (76).  Injury  to  the  cranberry  plant 
caused  by  flooding  water  is  important  and  is  being  actively  investigated  (9).  Frost  injury 
has  long  been  recognized  as  an  important  cranberry  problem,  and  the  means  of  its  control 
and  the  methods  of  forecasting  are  too  highly  developed  to  permit  even  a  brief  outline 
here.  The  work  of  Cox  (U)  on  the  relation  between  sanding  and  temperature  is  classic, 
and  the  studies  of  Franklin  (23)  in  methods  of  forecasting  minimum  temperature  on 
cranberry  bogs  constitute  an  outstanding  achievement. 
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here  End  rot,  caused  by  Godronia  cassandrae;  early  rot,  by  Gv/ignwr- 
dia  vaccinii;  bitter  rot,  by  Glomerella  cingvlata  vaccinii;  blotch  rot, 
by  Acanthorhyncus  vaccinii;  fruit  rot,  by  Diaporthe  vaccinii;  and 
black  rot,  by  Ceuthospora  Iwnata.  Three  rots  of  this  group  (early, 
bitter,  and  blotch  rots)  characteristically  develop  early  in  the  storage 
season  or  even  in  the  field  and  consequently  are  sometimes  referred 
to  by  the  collective  term  "  early  rots."  It  should  be  pointed  out,  how- 
ever, that  externally  most  of  these  rots  are  so  similar  that  it  is  impos- 
sible to  distinguish  them  without  making  artificial  cultures  from  the 
spoiled  berries  and  identifying  the  fungi  that  develop  in  the  cul- 
tures. The  junior  writers  have  examined  more  than  25,000  such 
cultures  within  the  last  10  years.  By  this  means  knowledge  of  the 
distribution  and  relative  abundance  of  the  various  fruit  rots  has 
been  greatly  increased.  In  discussing  their  control,  however,  it  is 
obviously  desirable  to  treat  the  storage  rots  as  a  group. 

The  estimate  made  10  years  ago  that  the  annual  loss  from  fruit 
rot  averages  at  least  25  per  cent  {6S)  of  the  total  crop  is  probably  as 
accurate  as  can  be  made.  A  large  part  of  this  rot,  practically  all 
except  that  in  New  Jersey,  occurs  after  the  berries  are  picked. 

From  an  economic  standpoint  the  storage  rots  fall  into  two  distinct 
classes — those  that  develop  in  the  grower's  warehouse  and  those  that 
develop  after  the  berries  are  shipped.  Cranberries  are  cleaned  just 
before  they  are  shipped.  Owing  to  the  great  efficiency  of  cranberry- 
cleaning  methods,  most  of  the  berries  which  spoil  in  warehouses  are 
removed  before  shipment,  this  loss  being  taken  directly  by  the  ship- 
pers. Much  more  serious,  however,  from  every  standpoint,  is  the 
rot  that  develops  in  berries  in  transit  and  on  the  market. 

Berries  that  rot  completely  in  the  field  merely  reduce  the  crop; 
rots  that  occur  while  the  crop  is  still  in  the  grower's  hands  also  re- 
duce the  crop  and  increase  the  cost  of  cleaning;  rots  that  occur 
after  shipping  necessitate  the  further  charges  of  package,  freight, 
rejections,  adjustments,  remilling,  and,  most  serious  of  all,  the  dis- 
astrous effect  on  the  demand. 

The  control  of  fruit  rots  is  a  comprehensive  problem  involving 
many  of  the  cultural  and  handling  practices.  Since  these  practices 
are  already  specialized  in  the  different  growing  regions,  largely  in 
response  to  differences  in  climatic  and  other  conditions,  and  since 
climatic  conditions  often  place  a  sharp  limitation  on  the  extent  to 
which  such  practices  can  be  modified,  it  must  be  clearly  understood 
at  the  outset  that  many  of  the  methods  discussed  below  are  not  of 
equal  value  in  all  sections  of  the  country,  but  need  to  be  modified  in 
accordance  with  local  conditions. 

DIFFERENCES   IN   THE   CRANBERRY-GROWING   REGIONS   WHICH    ARE   OF   SIGNIFI- 
CANCE  IN  THE   CONTROL   OF   CRANBERRY    DISEASES 

Climatic  Differences 

The  chief  climatic  differences  in  the  cranberry  regions  of  the 
United  States  have  already  been  pointed  out.  Obviously,  differences 
such  as  these  not  only  cause  marked  differences  in  the  disease  prob- 
lems but  influence  the  control  methods  which  are  practicable  and 
profitable.  The  differences  in  summer  temperatures  and  rainfall  have 
been  discussed.    Among  other  factors  of  great  importance  in  disease 
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tontrol  may  be  mentioned  the  very  high  rainfall  in  Washington  and 
Oregon  during  October.  In  case  the  winter  rains  set  in  before  the 
cranberries  are  harvested,  they  may  have  a  marked  and  disastrous 
effect.  A  rainy  harvest  period  apparently  outweighs  all  other  fac- 
tors in  determining  the  amount  of  rot  which  will  occur  in  storage. 
On  the  other  hand,  the  October  rainfall  in  Wisconsin  is  markedly 
lighter  than  that  of  any  other  cranberry  region,  and  if  the  latter  half 
of  September  is  also  relatively  dry  it  is  possible  to  rake  berries  on 
water  and  dry  them  out  of  doors.  This  has  been  tried  in  other  cran- 
berry-growing regions,  but  has  been  found  to  promote  the  develop- 
ment of  rots  to  a  prohibitive  degree. 

Somewhat  less  obvious  but  nevertheless  of  great  importance  in 
the  matter  of  disease  control  is  the  difference  in  winter  temperatures. 
The  bog  soils  even  when  not  protected  by  water  never  freeze  deeply 
on  the  Pacific  coast.  Soils  in  dry  bogs  in  Massachusetts  almost  in- 
variably freeze,  but  by  far  the  greater  number  of  large  bogs  are 
submerged  during  the  winter  period,  and  the  soil  rarely  freezes 
under  water.  The  same  observations  apply  to  New  Jersey.  In 
Wisconsin,  on  the  other  hand,  bog  soils  nearly  always  freeze  under 
the  winter  flowage,  and  often  so  deeply  that  special  handling  is 
necessary  to  draw  the  frost  ,out  of  the  ground  early  enough  to  permit 
the  vines  to  start  growing  at  the  proper  season,  ^o  accomplish  this 
the  water  is  removed  early  in  the  spring,  and  if  by  the  middle  of 
May  it  appears  that  the  ground  is  not  thawing  rapidly  enough,^  the 
water  is  raised  again  until  well  over  the  bog  surface  or  sometimes 
completely  submerging  the  vines,  and  is  held  until  all  frost  has 
disappeared  from  the  soil. 

DiFFERENCEJS    IN    CULTURAL    CONDITIONS 

Few  bogs  in  Oregon  and  Washington  are  provided  with  winter 
flowage.  Wisconsin  has  no  dry  bogs.  In  New  Jersey  and  Massa- 
chusetts the  better  bogs  are  submerged  during  the  winter,  but  there 
are  some  small  bogs,  especially  in  Massachusetts,  which  frequently 
bear  good  crops  without  any  winter  protection. 

Among  other  cultural  differences  may  be  noted  the  fact  that  in 
Massachusetts  practically  all  of  the  bogs  are  sanded  when  planted 
and  are  frequently  resanded.  In  New  Jersey  bogs  are  usually 
planted  without  sand,  but  some  of  them  have  been  resanded.  In 
Wisconsin  bogs  are,  with  a  few  exceptions,  planted  without  sand, 
but  some  have  been  resanded.  Oregon  and  Washington  bogs  are  all 
planted  with  sand  but  have  never  been  resanded. 

Varietal  Differences 

Approximately  50  per  cent  (6)  of  the  cranberry  crop  of  Massa- 
chusetts is  of  the  variety  Early  Black  and  35  per  cent  of  the  Howes 
variety.  The  New  Jersey  crop  is  about  30  per  cent  Howes  (5), 
somewhat  less  than  30  per  cent  "  native  Jerseys,"  and  about  20  per 
cent  Early  Black.  In  Wisconsin  about  50  per  cent  of  the  acreage 
(5)  is  in  native  berries,  about  IT  per  cent  in  McFarlin,  and  about 
12  per  cent  in  Searls  and  Bennett.  In  Washington  and  Oregon  (^) 
the  McFarlin  is  by  far  the  most  important  variety. 
59646°— 31 4 
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Differences  in  Marketing  Policy 

Partly  as  a  result  of  the  differences  in  varieties  just  noted,  certain 
differences  in  marketing  policy  have  arisen  which  are  of  importance 
in  relation  to  disease.  During  the  early  part  of  September  ship- 
ments of  cranberries  to  points  throughout  the  country  consist  almost 
exclusively  of  the  variety  Early  Black  from  Massachusetts  and  New 
Jersey.  These  berries  are  thus  often  subjected  to  high  temperatures 
during  shipment.  The  late  markets  throughout  the  country  are  sup- 
plied with  cranberries  of  the  Howes  variety,  also  grown  chiefly  in 
Massachusetts  and  New  Jersey. 

In  contrast  to  this  is  the  situation  in  Wisconsin,  where  the  berries 
are  all  marketed  within  a  few  weeks  preceding  Thanksgiving  and 
largely  in  the  central  and  north-central  parts  of  the  United  States. 
Cranberries  from  Oregon  and  Washington  are  marketed  largely  in 
the  Pacific  Coast  States. 

CONTROL  MEASURES 

It  has  been  pointed  out  that  the  various  cranberry-growing  regions 
differ  so  widely  in  certain  respects  that  control  measures  valuable  in 
one  place  may  be  unprofitable  elsewhere.  A  somewhat  comparable 
condition  exists  as  regards  the  crops  of  different  years  in  the  same 
section.  In  certain  seasons  the  keeping  quality  of  the  crop  is  so  good 
that  the  berries  will  withstand  careless  handling  and  yet  reach  the 
market  in  salable  condition,  whereas  in  other  years  the  berries  are 
inherently  so  weak  that  they  give  trouble  even  if  handled  with  con- 
siderable care.  This  complicates  practical  control  in  two  ways.  For 
growers  to  sustain  losses  from  fruit  rots  in  spite  of  care  in  handling 
tends  to  discouragement  and  to  discredit  careful  handling  methods. 
On  the  other  hand,  when  crops  are  marketed  advantageously  in  spite 
of  lack  of  care  in  handling,  the  condition  tends  to  encourage  care- 
lessness. This  is  particularly  true  after  a  series  of  crops  of  high 
keeping  quality.  The  control  measures  recommended  below  have 
been  found  generally  useful,  particularly  in  seasons  when  the  keep- 
ing quality  is  below  normal. 

Spbayinq 

As  might  be  expected  from  the  fact  that  field  rots  are  common  in 
New  Jersey  and  on  Long  Island,  but  not  elsewhere,  it  is  in  New 
Jersey  that  spraying  has  been  found  to  be  most  profitable.  On  the 
other  hand,  while  it  has  been  proved  that  spraying  usually  improves 
the  keeping  quality  of  cranberries  in  Massachusetts,  it  is  very  doubt- 
ful whether  there  is  sufficient  benefit  to  warrant  the  cost  of  spraying. 
In  Wisconsin,  as  in  Oregon  and  Washington,  the  keeping  quality  of 
the  crop  is  so  strongly  influenced  by  weather  conditions  and  handling 
methods  that  any  benefit  from  spraying  is  apt  to  be  obscured  by 
other  factors. 

In  the  case  of  spraying,  as  in  many  other  bog  practices,  it  rests 
with  the  individual  grower  to  decide  on  the  basis  of  his  own  experi- 
ence and  that  of  neighboring  growers  as  to  whether  a  given  practice 
is  profitable  for  him.  Where  early  rot  is  common,  however,  spraying 
is  apparently  a  necessity. 

Experiments  conducted  by  the  United  States  Department  of  Agri- 
culture  (5P,  61)   and  also  the  experience  of  various  growers  have 
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demonstrated  that  field  rots  can  be  satisfactorily  prevented  and  stor- 
age rots  reduced  by  thorough  spraying  with  4-4r-%-50  soap-Bor- 
deaux mixture.     This  mixture  should  be  prepared  as  follows: 

Copper  sulphate  (blue  vitriol  or  bluestone) pounds—    4 

Fresh  stone  lime do 4 

Water gallons—  50 

Commercial  fish-oil  soap pound —  % 

The  soap  should  be  dissolved  in  about  10  gallons  of  water  and 
added  after  the  lime  and  bluestone  have  been  mixed.  Commercial 
hydrated  lime  may  be  substituted  for  stone  lime  in  the  above  for- 
mula provided  it  is  fresh  and  dry,  of  a  floury  consistency,  entirely 
free  from  lumps,  and  if  6  pounds  instead  of  4  pounds  are  used. 
The  soap  has  been  found  necessary  in  order  to  cause  the  mixture 
to  spread  and  adhere  to  the  glossy  surface  of  the  cranberry  fruit 
and  foliage.  Where  early  rot  is  serious,  at  least  four  applications 
of  Bordeaux  mixture  should  be  made  during  the  season,  150  to  200 
gallons  being  used  to  the  acre.  The  first  application  should  be  made 
just  before  the  flowers  begin  to  open,  the  second  when  the  blossoms 
begin  to  fall,  the  third  two  weeks  later,  and  in  severe  cases  a  fourth 
not  later  than  August  15,  as  later  applications  are  likely  to  produce 
a  staining  of  the  fruit  which  may  not  be  washed  off  before  picking. 

Bog  Management 

late  holding  of  winteb  flow  age 

Although  no  controlled  experiments  have  been  made  on  the  rela- 
tion between  the  amount  of  fruit  rot  and  late  holding  of  winter 
flowage,  such  a  relation  seems  to  be  fairly  well  established  for  Massa- 
chusetts. In  that  region  it  is  usual  to  remove  the  winter-flowage 
water  during  April.  In  bogs  planted  to  earlv  varieties  which  are 
subject  to  early  rots  marked  improvement  in  keeping  quality  often 
follows  holding  the  winter-flowage  water  as  late  as  May  15  or  even 
June  1,  one  or  sometimes  two  years  out  of  three.  These  observa- 
tions apply  merely  to  Massachusetts,  and  the  method  should  not  be 
tried  elsewhere  without  great  caution. 

FERTILIZER 

It  seems  to  be  established  that  on  certain  soils  now  planted  to 
cranberries  the  addition  of  fertilizer  is  necessary  to  produce  a  satis- 
factory yield  (7).  The  careful  studies  of  Franklin  during  the  years 
1911  to  1919,  however,  indicate  that  on  soils  which  are  already  pi;o- 
ducing  a  fair  commercial  crop,  fertilizer  should  be  applied  with  great 
caution  because  of  the  possible  increase  in  rot  which  may  follow 
its  use. 

Franklin's  results  are  given  in  detail  in  the  reports  of  the  Massa- 
chusetts Cranberry  Substation  for  the  years  1911  to  1919  and  need 
not  be  repeated  here.    His  conclusions  may,  however,  be  quoted : 

The  average  percentages  of  loss  in  the  storage  tests  [1916]  seem  to  indicate 
that  the  nitrate  of  soda  impaired  the  keeping  quality  of  the  fruit  somewhat, 
while  no  effect  in  this  respect  connected  with  the  use  of  acid  phosphate  and 
sulphate  of  potash  is  apparent  [20,  p.  30]. 

As  the  table  shows  [21,  p.  223],  the  fruit  of  the  fertilized  areas  this  season 
.[1917].  w:as,  as  a  Tule,  much  inferior  in  both  quantity  and  keeping  quality  to 
that  of  the  checks,  this  being  especially  marked  with  the  plots  treated  with  lime 
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and.  with  tlie  maximum  amount  of  nitrate  of  soda.  Considering  all  the  experi- 
ence with  these  plots  since  they  were  started  in  1911,  it  is  the  writer's  judgment 
that,  in  general,  whatever  slight  advantage  in  yield  has  been  gained  by  the 
use  of  the  fertilizers  has  been  balanced  by  the  cost  of  the  treatment,  the 
deterioration  in  the  quality  of  the  fruit,  and.  the  greater  cost  of  picking  due  to 
the  increased  vine  growth. 

Table  19  [22,  p.  137]  gives  the  yields  of  the  station  fertilizer  plots  by  years 
and  the  total  yields  since  they  were  started.  Considering  all  the  experience 
with  these  plots,  it  seems  that  the  advantage  of  any  slight  increase  in  yield 
that  may  have  been  caused  by  the  fertilizers  has  been  much  more  than 
l>alanced  by  the  cost  of  the  treatment,  the  deterioration  in  the  quality  of  the 
fruit,  the  greater  cost  of  picking  due  to  the  increased  vine  growth,  and  the 
incursion  of  weeds. 

What  the  writers  take  to  be  an  interesting  illustration  of  the 
effect  of  fertilizer  on  the  amount  of  rot  in  a  New  Jersey  bog  was 
brought  out  by  the  storage  tests  reported  earlier.  The  New  Jersey 
Howes  (fig.  35)  were  taken  from  the  same  bog  each  year.  This  bog 
had  received  a  heavy  application  of  fertilizer  in  the  summer  of  1926 
and  a  light  one  in  the  summer  of  1927.  No  fertilizer  was  applied  in 
either  1928  or  1929. 

Harvesting  Methods 

By  far  tne  greater  part  of  the  cranberry  crop  is  now  harvested 
with  scoops  or  rakes,  although  some  berries  are  still  hand  picked, 
and  more  recently  harvesting  machines  using  gasoline  power  have 
come  into  use.  The  results  of  experiments  and  the  experience  of 
growers  have  thoroughly  taught  the  value  of  harvesting  berries  dry 
and  of  drying  them  as  promptly  as  possible  if  it  is  necessary  to 
scoop  them  while  still  damp.  The  practice  of  harvesting  berries  on 
the  water,  however,  which  has  been  developed  in  Wisconsin  and  is 
rapidly  increasing  in  popularity  in  that  State,  requires  separate 
consideration. 

WATER  BAKING 

The  method  of  water  raking  consists  in  flooding  the  bog  and 
raking  off  the  berries  as  they  float  on  or  near  the  surface  of  the 
water.  The  desirability  of  water  raking  has  been  the  subject  of 
controversy  for  at  least  15  years.  The  opponents  of  this  method 
of  picking  believe  that,  in  general,  water-raked  berries  show  less 
satisfactory  keeping  quality  than  similar  berries  dry  raked.  The 
proponents  of  the  method  believe  that  the  low  cost  of  picking,  the 
fact  that  no  berries  are  lost  in  the  process,  and  the  comparatively 
slight  injury  to  the  vines  in  harvesting  more  than  outweigh  any 
increase  in  storage  rot  which  may  follow  this  practice. 

The  keeping  quality  of  water-raked  berries  was  made  the  subject 
of  a  special  investigation  (SO)  from  1918  to  1920,  and  further  studies 
are  being  made  by  the  writers  at  the  present  time.  It  must  be 
admitted  that  so  far  the  results  of  controlled  experiments  which  have 
been  made  chiefly  with  the  Searls  variety  have  shown  that  water 
raking  has  led  to  an  increase  in  the  amount  of  rot  as  compared  with 
dry  raking.  This  increase  is  admittedly  greater  if  the  berries  are 
held  late  in  the  storage  season,  and  it  may  reach  serious  proportions 
if  the  fruit  is  not  dried  immediately  after  it  is  harvested.  Without 
attempting  at  the  present  time  to  settle  any  of  the  disputed  points, 
it  may  be  well  to  point  out  Certain  precautions  whidh  are  admitted 
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by  all  careful  observers  to  be  necessary  in  the  successful  handling  of 
water-raked  berries. 

If  water  raking  is  undertaken,  the  berries  should  be  under  water 
as  short  a  time  as  possible,  should  be  well  colored  when  harvested, 
and  should  be  dried  as  promptly  as  possible.  Small  flooding  sections 
are  a  distinct  advantage,  as  the  berries  under  such  conditions  need 
be  submerged  for  only  a  short  time.  The  cooler  the  flooding  water 
the  better  the  chance  of  successful  water  raking.  Clear  spring  or 
brook  water  is  preferable  to  dark-colored  swamp  water.  Intelligent 
and  conscientious  assistants  to  care  for  the  drying  of  the  berries  are 
absolutely  necessary  if  water  raking  is  to  be  successfully  practiced. 
In  packing  water-raked  cranberries  any  lots  which  have  dried  slowly 
because  of  unfavorable  weather  or  other  conditions  should  be  kept 
separate  and  marked  or  sold  separately. 

TEMPEKATURE    AT    TIME    OF    PICKING 

As  regards  the  keeping  quality  of  the  berries,  it  would  undoubtedly 
be  better  if  cranberries  were  picked  on  the  cooler  days  and  in  the  late 
afternoon,  very  hot  weather  being  avoided.  The  time  when  cran- 
berries are  picked,  however,  is  determined  chiefly  by  the  practical 
necessity  of  getting  the  berries  harvested  in  a  relatively  short  time. 

Handling  Methods 

The  results  of  careful  experiments  (69)  extending  over  a  series  of 
years  agree  with  the  experience  of  growers  that  bruising,  even  rela- 
tively slight  bruising,  increases  the  amount  of  rot  in  a  given  lot  of 
berries.  The  increase  is,  of  course,  greater  in  berries  of  the  so-called 
"  tender  "  varieties  and  in  those  lots  which  are  most  subject  to  decay. 
Because  of  the  general  recognition  of  this  fact  by  growers,  the  prac- 
tices of  handling  have  been  much  modified  during  the  last  10  or  15 
years.  Hand  sorting  of  cranberries  on  moving  belts  has  almost 
entirely  replaced  the  older  method  of  rolling  over  a  wooden  screen, 
and  separating  machinery  has  been  modified  to  reduce  injury  to 
berries. 

One  very  desirable  change  which  the  introduction  of  the  method 
of  sorting  cranberries  on  moving  belts  has  made  possible  is  that  the 
belts  can  be  run  through  a  small,  well-lighted,  and  comfortably  warm 
room,  where  the  hand  sorters  work  while  the  separating  machinery 
at  one  end  of  the  belt  and  the  packing  at  the  other  end  are  both  out- 
side the  room  and  in  much  lower  temperatures.  The  berries  are  thus 
exposed  to  a  relatively  high  temperature  for  only  a  fraction  of  a 
minute  and  do  not  become  warmed  up  to  any  extent  in  the  process. 

A  general  practice,  and  one  tending  to  reduce  the  rot  following  the 
bruismg  incident  to  sorting,  is  that  of  holding  cranberries  "  in  the 
chaff,"  just  as  they  come  from  the  bog,  until  time  for  shipment. 

Storage 

TEIMPERATDRB 

Storage  tests  and  studies  of  the  temperature  relations  of  the  rot 
fungi  agrtfe  in  shbVing  that  the  kigher  the  tfeJmperattnrfe  to  which 
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cranberries  are  subjected  the  greater  the  loss  from  decay.  The  end- 
rot  fungus,  however,  is  able  to  grow  somewhat  even  at  32°  F.  No 
facts  are  at  hand  regarding  the  response  of  the  cranberry  to  uniform 
low  temperatures,  i.  e.,  cold  storage. 

VEINTHATION' 

Experiments  given  in  detail  in  earlier  papers  (^7,  69)  show  that 
cranberries  may  actually  be  smothered  by  storage  in  too-close  contain- 
ers, especially  at  high  temperatures;  also  that  partial  smothering 
may  result  in  increased  loss  from  decay.  A  general  recognition  of 
these  facts  has  been  one  factor  leading  to  the  adoption  of  ventilated 
one-half  or  one-quarter  barrel  boxes  as  the  standard  shipping  pack- 
age and  to  the  use  of  ventilated  boxes  for  storage  of  the  fruit  before 
it  is  cleaned  for  market. 

STOBAGE   HOUSES 

As  is  the  case  with  so  many  cranberry  problems,  the  construction 
of  storage  houses  which  will  most  adequately  and  economically  meet 
the  conditions  indicated  in  the  foregoing  paragraphs  vary  greatly 
with  local  conditions.  On  the  Pacific  coast  the  most  cheaply  con- 
structed building  which  will  keep  out  the  rain  serves  admirably  as  a 
warehouse.  In  Wisconsin,  low  temperatures  frequently  occur  be- 
fore the  berries  can  be  shipped  and  in  the  building  of  storehouses 
adequate  provision  must  be  made  against  freezing.  On  the  other 
hand,  since  at  low  temperatures  the  respiration  of  cranberries,  as 
of  other  fruits,  is  much  lower,  the  need  of  special  provision  for  ven- 
tilation is  much  less.  In  New  Jersey,  on  the  other  hand,  low  tem- 
peratures occur  only  very  late  in  the  storage  season,  and  little  special 
provision  need  be  made  against  freezing.  Because  of  the  high  tem- 
peratures in  September  and  early  October,  however,  adequate  ventila- 
tion is  of  first  importance.  Even  in  houses  constructed  without 
special  provision  for  ventilation  something  may  be  accomplished  by 
piling  the  boxes  so  as  to  permit  as  much  circulation  of  air  as  possible 
and  by  keeping  windows  and  doors  open  except  during  heavy  rains 
or  on  very  hot  days.  In  Massachusetts,  the  designing  of  storehouses 
presents  some  of  the  problems  of  both  Wisconsin  and  New  Jersey. 
Temperatures  during  September  are  frequently  high,  necessitating 
adequate  provision  for  ventilation.  On  the  other  hand,  not  infre- 
quently there  are  many  berries  in  storage  in  December,  when  low 
temperatures  are  frequently  encountered,  and  an  adequately  insulated 
house  is  necessary  to  prevent  freezing.  All  things  considered,  these 
needs  are  best  met  by  a  well-constructed  house  with  thick  walls  but 
provided  with  ventilators  which  can  be  opened  or  closed  as  tempera- 
tures demand. 

As  already  noted,  a  very  desirable  feature  in  the  construction  of 
any  storehouse  is  such  an  arrangement  as  will  permit  the  room  in 
which  the  hand  sorting  of  berries  is  done  to  be  walled  off  from  the 
storage  space  itself  so  that  this  room  may  be  kept  comfortably  warm 
for  work  without  raising  the  temperature  of  the  berries  in  storage. 

Mabketing  the  Crop 

'To  an  exteiit  probably  unequaled'  by  any  "Other  fruit  or  Vegetable 
crop  in  the  United  States,  the  marketing  of  the  cranberry  crop  is 
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purposefully  controlled  to  reduce  the  losses  from  decay  in  transit 
and  on  the  market. 

For  the  long-distance  shipments  to  western  and  southern  points 
through  the  warm  weather  of  September  the  very  best  berries  of  the 
Early  Black  variety  from  Massachusetts  and  New  Jersey  are  selected. 

The  large-size  (so-called  "odd")  varieties,  many  of  which  are 
known  to  have  poorer  keeping  quality,  are  marketed  chiefly  during 
the  early  part  of  November,  when  the  approaching  Thanksgiving 
market  guarantees  their  quick  sale.  The  entire  Wisconsin  crop,  much 
of  which  consists  of  large-size  varieties,  is  sold  at  this  time.  In 
general,  the  poor  or  doubtful  lots  are  sold  on  near-by  large  markets. 
The  late  market  is  supplied  almost  exclusively  with  the  Howes, 
which  is  the  last  important  variety  to  ripen. 

At  present  the  decision  as  to  the  fitness  of  a  given  lot  of  berries  for 
long  shipment  is  made  by  local  inspectors  largely  on  the  basis  of  the 
appearance  of  the  fruit  at  the  time  it  is  packed  and  the  history  of 
the  bog.  These  inspectors,  who  have  been  chosen  for  their  knowl- 
edge of  cranberries  and  their  experience  in  the  industry,  have  made 
an  enviable  record  for  the  successful  handling  of  the  problem  of 
selection.  The  chief  weakness  of  the  system,  as  the  inspectors  and 
their  associates  recognize,  is  the  variation  in  the  keeping  quality  of 
berries  from  year  to  year  and  the  lack  of  any  adequate  basis  of  com- 
parison of  different  lots  of  berries  or  any  satisfactory  test  for  pre- 
dicting their  keeping  quality.  With  the  purpose  of  supplying  this 
lack,  experiments  have  been  made  to  determine  the  keeping  quality 
of  cranberries  by  incubator  tests.  These  are  fully  discussed  in 
other  publications  {7S,  74),  It  may  be  stated  here,  however,  that,  as 
used  during  the  last  six  or  seven  years  in  Massachusetts  and  Wiscon- 
sin, the  incubator  test  seems  to  indicate  the  weaker  lots  of  fruit  with 
a  high  degree  of  accuracy. 

The  canning  of  cranberries  has  increased  to  a  considerable  extent 
during  the  last  few  years.  The  chief  importance  of  this  new  indus- 
try as  a  means  of  reducing  losses  by  spoilage  is  in  offering  a  profit- 
able outlet  for  the  disposition  of  fruit  of  excellent  eating  quality 
which  is  of  poor  carrying  quality.  The  advantages  of  keeping  this 
weak  fruit  off  the  fresh-fruit  market  are  obvious. 

One  modification  of  earlier  marketing  practices  which  is  gaining 
favor  in  Massachusetts  and  seems  to  be  particularly  adapted  to  that 
region  is  to  hold  any  lots  of  early  berries  which  show  rot  at  picking 
time  until  the  sounder  lots  have  been  shipped.  Several  advantages 
are  claimed  for  this  practice,  especially  the  fact  that  it  permits  the 
weaker  lots  to  be  shipped  during  the  cooler  weather  of  late  fall  and 
that  in  many  cases  all  the  berries  affected  with  early  rot  will  decay 
completely  in  the  storage  house,  permitting  the  packing  of  a  much 
sounder  lot  of  berries  for  shipment. 

SUMMARY 

Sixty-nine  species  of  fungi  are  reported  as  occurring  on  the  cran- 
berry. Technical  descriptions,  supplemented  in  most  cases  by  illus- 
trations, are  given  for  the  38  most  common  species.  The  descriptions 
are  arranged  in  three  groups,  viz,  important  rot  fungi  (8  species), 
fungi  causing  diseases  of  cranberry  vines  (6  species),  and  cranberry 
fungi  of  minor  importance  (24  species).     The  remaining  31  species, 
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which,  are  of  infrequent  occurrence,  are  listed  as  having  been  found, 
respectively,  in  cultures  from  berries,  roots,  and  vines,  on  berries,  and 
on  leaves. 

The  physiology  of  the  cranberry  rot  fungi  is  discussed  in  some 
detail,  with  special  reference  to  time  of  infection,  dissemination, 
acidity  relations,  temperature  relations,  and  relative  abundance  of 
the  fungi  in  different  regions,  particularly  as  affected  by  climatic 
conditions. 

Six  vine  diseases  caused  by  fungi  are  described,  and  control  meth- 
ods are  given  where  these  are  of  proved  value. 

Reference  is  made  to  important  cranberry  diseases  which  are  of 
nonfungous  origin. 

Cranberry  fruit  rots,  which  are  shown  to  develop  principally  in 
storage,  are  discussed  in  considerable  detail.  The  relation  which 
fruit-rot  control  bears  to  general  cultural  practices  in  different 
regions  is  emphasized.  Control  measures  for  the  fruit  rots  are  con- 
sidered under  the  following  headings:  Spraying,  bog  management, 
harvesting  methods,  handling  methods,  storage,  and  marketmg  the 
crop. 

SYNONYMS  FOR  NAMES  OF  HOST  PLANTS 

The  names  used  in  the  text  (and  shown  at  the  left  below)  are  those 
given  by  the  person  first  reporting  the  fungus.  The  synonyms  given 
here  are  from  Standardized  Plant  Names  (i).  Those  marked  "  S. 
P.  IST."  are  standard.  Those  marked  "Ag."  are  adopted  by  the 
United  States  Department  of  Agriculture. 

Andnomeda  racemosa  =  Eiibotrys  racemosd  Ag. 

Cassandra  cali/culata  =  Chamaedaphne  calyculata  S.  P.  N. 

Leucothoe  raoemosa  =  Euhotrys  racemosa  Ag. 

Rhododendron  mscosum  =  Azalea  viscosa  S.  P.  N. 

Vacciniwm  l)rachyoera  =  Gayhissacia  hrachycera  S.  P.  N. 

Vacdnium  macrocarpon  =  Oxycoccos  macrocarpus  Ag. 

Vaccmmm  oxycoccos  =  Oxycoccos  palu^trls  Ag. 

Vacciniwm  pennsylvanicum  =  Vacdnium  angustifolium  Ag. 
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INTRODUCTION 

More  than  100,000  acres  of  western  yellow  pine  forest  is  cut  an- 
nually in  eastern  Oregon  and  Washington,  and  this  amount  is  yearly 
becoming  greater.  Ninety  per  cent  is  privately  owned  land  from 
which  ordinarily  all  the  merchantable  trees  are  logged;  the  re- 
mainder is  publicly  owned  land  (chiefly  national  forests  and  Indian 
reservations)  from  which  the  timber  is  ordinarily  removed  by  the 
more  gradual  method  of  selective  logging. 

1  The  region  referred  to  in  this  bulletin  includes  the  areas  in  Washington  and  Oregon 
on  the  east  slope  of  the  Cascade  Range  and  adjacent  mountains  and  plateaus  from 
Canada  to  California,  the  western  foothills  and  slopes  of  the  Cascades  south  of  the 
Umpqua  River,  and  the  Blue  Mountains  and  the  Okanogan  Mountains  of  eastern  Oregon 
and  eastern  Washington,  respectively.  It  includes  the  type  in  which  western  yellow 
pine  (Pinus  pondcrosa)  is  the  principal  tree  and  the  fir-larch  type,  or  "  north-slope 
type"  in  which  Douglas  fir  (Pseudotsuga  taxifolia),  white  fir  {Ahies  ooncolor) ,  lowland 
white  fir  (A.  grandis) ,  and  western  larch  (Lariar  occidcntalia)  are  prominent.  Other 
associates  of  western  yellow  pine  are  lodgepole  pine  (Pinus  oontorta) .  sugar  pine  (P. 
lambertiana),  western  white  pine  (P.  monticola),  and  Shasta  red  fir  {Abies  shastensis) 
in  varying  proportions.  Parts  of  the  adjoining  States  have  similar  conditions.  The 
terms  used  by  the  lumber  industry  for  P.  ponderosa  are  "  California  white  pine "  in 
southern  Oregon,  and  "  pondosa  pine "  elsewhere  in  the  region  covered  by  this  bulletin. 
60129°— 31 1  1 
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The  removal  of  the  virgin  forest  inevitably  leaves  the  ground 
littered  with  needles,  branches,  unmerchantable  chunks,  and  tops. 
These  increase  greatly  the  hazard  of  forest  fires,  and  it  becomes  a 
problem  of  large  economic  importance  to  abate  or  to  control  the 
menace  from  fires  on  this  great  acreage  of  slashing.  This  has  deeply 
concerned  lumbermen  and  foresters  for  some  time,  not  only  in  this 
forest  region  but  in  all  regions  where  heavy  accumulations  of  conifer 
slash,  or  logging  debris,  are  subject  to  seasons  of  prolonged  dry 
weather. 

On  the  national  forests  and  Indian  reservations  in  the  western 
yellow  pine  type  in  this  region  it  has  been  the  general  practice  for 
many  years  to  require  the  operator  to  pile  and  burn  the  slash  result- 
ing from  logging,  but  this  method  of  eliminating  the  hazard  has  not 
been  adopted  on  private  lands  because  of  its  cost.  Prior  to  the  en- 
actment of  State  forest-fire  laws  no  effort  was  made  to  dispose  of 
slash  on  private  lands.  Where  slashings  burned,  accidental  fires 
were  the  cause.  The  first  slash-disposal  laws  were  intended  pri- 
marily for  the  Douglas  fir  region,  west  of  the  Cascade  Range  in  both 
States,  and  their  application  to  the  pine  forests  east  of  the  Cascade 
Range  resulted  in  wholesale  broadcast  burning,  which  here  practi- 
cally spells  forest  devastation. 

In  Oregon  the  first  forest  fire  law  that  concerned  slash  disposal 
(enacted  in  1911)  provided  that:  "All  persons,  firms,  or  corporations 
engaged  in  logging  *  *  *  jj^  ^j^^g  gtate,  shall  each  year  burn 
their  annual  slashing  2  *  *  *  55  xhis  had  the  effect  of  compelling 
broadcast  burning  because  operators  were  not  willing  to  use  more 
expensive  methods  of  complete  disposal  of  their  slash.  In  recogni- 
tion of  the  unwisdom  of  this  provision  as  it  applied  to  pine  forests, 
the  law  was  revised  in  1925  to  provide  that — 

where  only  a  portion  of  the  forest  crop  is  removed  and  in  the  opinion  of  the 
forester  such  burning  is  unnecessary,  or  will  create  a  fire  hazard,  he  may 
relieve  by  written  authorization  such  person,  firm,  or  corporation  from  the  above 
requirements  with  respect  to  part  or  all  of  the  operation  area     *     *     *." 

Many  timber  operators  are  now  taking  advantage  of  the  revised 
law  to  employ  partial-burning  methods. 

In  Washington  the  first  forest  fire  laws  were  enacted  in  1903,  but 
slash  disposal  was  not  insisted  upon  in  the  pine  region  until  1921. 
The  present  law  provides  that — 

any  and  nil  cut-over  land  or  slashings  in  the  State  of  Washington  covered 
wholly  or  in  part  by  inflammable  debris  *  *  *  j^jiall  if  so  declared  by  the 
supervisor  of  forestry,  constitute  a  fire  hazard,  and  the  owner  or  owners 
*  *  *  are  hereby  required  to  abate  such  hazard  under  the  general  direction 
of  the  supervisor  of  forestry.* 

This  law  is  flexible  in  that  the  abatement  of  the  slash  nuisance 
can  be  interpreted  to  mean  remedial  measures  other  than  burning. 
However,  the  mistaken  idea  that  burning  was  the  only  solution  of 
the  slash  menace  has  rendered  broadcast  slash  burning  the  common 
practice.  Only  within  the  last  few  years  has  there  been  a  tendency 
for  private  owners  to  do  less  burning,  and  instead  to  give  their  slash- 
ings intensive  protecticm  from  accidental  fires. 

2  Sec,  8962,  ch.  14,  General  Laws  of  Oregon,  1021. 

» Sec.  21,  ch.  281,  General  Laws  of  Oregon,  1925.  ,  .    ,      o.  . 

*  Sec.  5807  of  Remington's  Compiled  Statutes,  as  amended  by  the  Legislature  of  tlie  State 
of  Washington  in  house  bill  No.  350,  Mar.  20,  1929. 
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The  best  treatment  of  western  yellow  pine  cut-over  lands  following 
logging  has  been  a  matter  of  considerable  discussion  for  years.  As 
early  as  1907  the  Forest  Service  published  a  circular  entitled  "  Sug- 
gestions for  the  Disposal  of  Brush  in  the  National  Forests  "  (4)  ^  in 
which  it  recognized  the  need  for  flexibility  in  western  yellow  pine 
slash  disposal  by  recommending  that  piling  and  burning  should  be 
done  where  the  fire  hazard  was  high,  but  that  lopping  should  be  the 
practice  where  the  soil  was  loose  or  dry  and  in  need  of  protection 
to  insure  reproduction.  In  1917,  the  senior  author  {10,  p.  Jf.0)  offered 
the  opinion  that  in  the  western  yellow  pine  region  of  Oregon — 

in  exceptionally  dry  situations  where  reproduction  is  scanty  and  has  difficulty 
in  becoming  established,  as  on  the  pumice  soils  of  the  Klamath-Deschutes 
divide,  it  may  be  better  forest  management  to  scatter  the  brush.  *  *  *  At 
all  events,  fire  lines  or  strips  on  which  all  the  brush  is  burned  should  be  built, 
so  that  should  a.  fire  get  into  the  debris  it  could  be  confined  to  a  small  area. 

Chapman  (^),  Pearson  {U),  and  Woolsey  {18)  have  commented 
on  the  desirability  of  leaving  slash  to  benefit  the  forest.  Woolsey 
stressed  the  importance  of  the  construction  of  fire  lines  that  would 
be  of  assistance  in  the  suppression  of  fires  where  slash  is  lopped  or 
pulled.  In  1923,  the  State  Board  of  Forestry  of  California  {1) 
recommended  to  private  operators  a  system  of  partial  disposal  of 
slash  on  fire  lines  for  the  western  yellow  pine  region  of  California. 
Show  (i4)  in  1926  went  a  step  further  and  pointed  to  the  desirability 
of  following  partial  disposal  on  private  lands  with  intensive  pro- 
tection for  about  10  j^ears.  J.  W.  Girard  and  W.  C.  Lowdermilk,  in 
an  unpublished  report  prepared  in  1922,  define  the  purpose  of  slash 
disposal  as  twofold : 

Namely,  the  reduction  of  the  fire  hazard  to  the  safety  point  and  the  favoring 
of  a  complete  restocking  to  the  desired  species.  *  ♦  *  The  objective  in  the 
reduction  of  fire  ha^card  is  to  dispose  of  sufficient  of  the  logging  slash  to  make 
possible  the  effective  fighting  of  fire  on  the  tract  during  the  fire  season. 

The  trend  of  thought  has  been  toward  developing  a  method  of 
slash  disposal  which  would  strike  a  balance  for  each  class  of  owner- 
ship between  the  conflicting  factors  of  safety  from  fire,  good  silvi- 
culture, and  minimum  cost. 

Until  recently  slash  on  private  lands  has  been  treated  wholly  with 
a  view  to  the  cheapest  effective  abatement  of  the  fire  hazard  without 
thought  for  the  continued  productivity  of  the  land.  This  is  unfor- 
tunate since  most  of  the  land  now  being  logged  is  not  only  non- 
agricultural,  but  in  fact  well  suited  to  continuous  timber  growing  in 
conjunction  with  forest  grazing.  (Plate  1.)  It  is  very  desirable, 
•therefore,  that  in  the  course  of  logging  there  be  employed  economic- 
ally sound  methods  of  slash  disposal  which  will  be  advantageous  for 
the  continued  productivity  of  the  land  and  at  the  same  time  reduce 
the  fire  hazard. 

In  order  to  get  facts  concerning  various  methods  of  slash  disposal 
and  the  comparative  advantages  of  each  for  various  conditions, 
the  Forest  Service  commenced  a  field  study  in  1925,^  the  results  of 

5  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  57. 

"  The  field  work  was  planned  and  executed  by  the  junior  author,  who  devoted  almost 
his  entire  time  to  the  study  for  two  years.  One  hundred  and  fifteen  representative  areas 
constituting  nearly  7,500  acres  were  examined  intensively,  and  this  was  supplemented  by 
extensive  observations  on  new  and  old  cut-over  lands  and  by  conference  with  many 
individuals  interested  in  this  problem. 
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which  are  presented  here.  This  was  primarily  an  analytical,  fact- 
finding study  to  ascertain  and  weigh  the  elements  that  influence 
slash-disposal  practices  and  to  study  the  results  of  these  practices. 
It  had  also  the  very  definite  objective  of  determining  the  form  of 
slash  disposal  that  would  best  fit  each  set  of  physical  conditions 
and  each  class  of  ownership,  whether  public  or  private. 

Field  work  extended  over  two  field  seasons  on  the  Deschutes, 
Crater,  Whitman,  and  Wallowa  National  Forests  and  the  Klamath 
Indian  Reservation,  in  Oregon;  on  the  Chelan,  Wenatchee,  and 
Rainier  National  Forests  and  the  Colville  Indian  Reservation,  in 
Washington,  and  on  the  private  lands  of  several  lumber  companies  ^ 
in  both  States.  Cordial  cooperation  on  the  part  of  all  agencies  con- 
cerned with  the  slash  problem  did  much  to  simplify  the  field  work.^ 

PHYSICAL   CONSIDERATIONS   GOVERNING   SLASH   DISPOSAL 

QUANTITY  AND  CHARACTER  OF  SLASH 

Although  all  the  debris  resulting  from  logging,  including  tops, 
cull  logs,  and  small  trees  which  have  been  knocked  over,  is  known 
as  "  slash,"  in  conducting  slash-disposal  operations  only  material 
under  4  inches  in  diameter  is  taken  into  consideration,  and  there- 
fore the  limited  interpretation  of  the  term  will  be  the  one  under- 
stood in  this  bulletin. 

The  quantity  of  slash  fuel  obviously  has  a  very  direct  bearing  on 
the  treatment  of  the  area.  Where  the  cutting  is  light  and  the  slash 
sparse,  methods  of  disposal  may  be  employed  which  would  be 
wholly  inadequate  were  the  slash  heavy.  But  the  quantity  of  west- 
ern yellow  pine  slash  can  not  be  measured  altogether  by  the  volume 
of  the  stand.  It  varies  with  the  age  and  character  of  the  trees  cut. 
The  limbs  of  mature  pines  are  usually  gnarly  and  larger  in  diameter 
than  those  of  young  trees  (so-called  "bull  pines"),  which  are  also 
less  severely  infected  by  mistletoe  than  mature  pine,  and  hence  con- 
tribute less  witches'-broom  to  the  slash.  The  maximum  quantity 
of  slash  per  thousand  feet  of  logs  cut  results  from  logging  in  sparse 
stands  on  poor  sites,  where  limbs  are  heavy  and  numerous,  and 
mistletoe  is  common. 

With  an  increase  in  the  volume  of  timber  per  acre  (Table  1), 
the  volume  of  slash  per  thousand  board  feet  decreases.  A.  C.  Mc- 
Intyre's  studies  in  the  Southwest  pointed  to  a  similar  relationship. 

■^  These  included  Shevlin-Hixon  Lumber  Co..  and  Brooks-Scanlon  Lumber  Co.,  at  Bend, 
Oreg. ;  Oregon  Lumber  Co.,  and  Baker  White  Pine  Lumber  Co.,  at  Bates,  Greg. ;  Gardinier' 
Lumber  Co.,  at  Austin,  Greg.  ;  Bowman-Hides  Lumber  Co.,  at  Wallowa,  Greg. ;  Pelican 
Bay  Lumber  Co.,  at  Klamath  Falls,  Greg.  ;  Stoddard  Lumber  Co.,  at  Perry,  Greg.  ;  Gwen- 
Gregon  Lumber  Co.,  at  Butte  Falls,  Greg.  ;  East  Oregon  Lumber  Co.,  at  Enterprise, 
Greg. ;  and  the  Cascade  Lumber  Co..  at  Casland.  Wash. 

8  Acknowledgment  is  due  many  individuals  for  their  assistance,  especially  J.  S.  Boyce, 
Yale  University  ;  W.  H.  Long,  Bureau  of  Plant  Industry  ;  Fred  R.  Moffat,  Indian  Service  : 
Norman  Jacobson,  Western  Forestry  and  Conservation  Association  ;  R.  D.  Moore  and 
J.  H.  Meister,  Shevlin-Hixon  Lumber  Co. ;  the  late  H.  E.  Allen,  Brooks-Scanlon  Lumber 
Co  ;  E.  R.  Aston,  Biles-Coleman  Lumber  Co.  ;  B.  B.  Colwell.  Cascade  Luml>er  Co. ;  B. 
Moorehead,  Baker  White  Pine  Lumber  Co. ;  and  A.  C.  Mclntyre,  Pennsylvania  State 
College. 
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Table  1. — The  relation  of  total  gross  volume  of  the  stand  to  the  volume  of 
slash  per  acre  and  per  thousand  hoard  feet^ 


Gross  volume  per  acre 
(M  feet  b.  m.) 

Volume  of  piled  slash 

Gross  volume  per  acre 
(M  feet  b.  m.) 

Volume  of  piled  slash 

Per  acre 

Per  M  feet 
b.  m. 

Per  acre 

Per  M  feet 
b.  m. 

4 

Cubic  feet 
2,480 
2,592 
2,696 
2,780 
2,880 
2,954 

Cubic  feet 
620 
432 
337 
278 
240 
211 

16 

Cubic  feet 
3,040 
3,132 
3,200 
3,280 
3,336 

Cubic  feet 
190 

6 _ 

18.- 

174 

8 

20          

160 

10 

22 

149 

12-                       ... 

24 

139 

14 

1  Based  on  16  sample  plots;  data  curved. 

The  intensity  of  utilization  practiced  by  the  logging  operator  nat- 
urally affects  the  volume  and  character  of  the  slash,  and  the  ensuing 
fire  hazard.  Where  small  poles,  posts,  or  cordwood  are  cut  following 
the  removal  of  the  saw  logs,  the  slash  is  correspondingly  reduced 
in  quantity  and  placed  in  smaller  masses  closer  to  the  ground.  Were 
such  utilization  of  branch  wood  for  fuel,  chemical  by-products,  etc., 
economically  practicable  here,  as  it  is  in  some  parts  of  Europe,  the 
problem  of  slash  disposal  would  not  be  acute. 

Of  the  various  species  associated  with  western  yellow  pine,  the 
most  common  are  lodgepole  pine,  Douglas  fir,  white  fir,  and  western 
larch.  Douglas  fir  and  white  fir  have  heavy  crowns,  the  branches 
crowding  close  together  and  extending  far  down  the  bole.  Also 
because  the  limbs  are  finer  than  those  of  western  yellow  pine,  a  larger 
proportion  of  them  enters  into  the  slash  volume.  Measurements  of 
Douglas  fir  slash  indicate  the  volume  to  be  two  to  three  times  that 
of  pine  in  a  similar  stand.  Larch  has  an  open  crown  made  up  of 
fine,  widely  separated  branches  bearing  sparse,  small  needles;  its 
slash  volume  is  perhaps  even  less  than  that  of  pine.  Lodgepole  pine, 
because  of  its  long  crown,  produces  a  heavy  volume  of  slash,  much  of 
which  is  dry  and  inflammable  when  cut,  owing  to  the  persistence  in 
large  quantity  of  dead  lower  limbs. 

Needles  of  western  yellow  pine  and  lodgepole  pine  persist  on  the 
twigs  and  tops  for  at  least  two  and  often  four  years,  but  Douglas  fir 
and  white  fir  needles  fall  generally  by  the  end  of  the  first  year. 
Needles  of  larch,  which  are  naturally  deciduous,  drop  in  a  few 
months. 

DISTRIBUTION  OF  SLASH 

The  distribution  or  arrangement  of  slash  affects  the  fire  hazard 
quite  as  much  as  does  its  volume.  The  distribution  of  similar 
volumes  of  slash  may  differ  greatly  because  of  difference  in  falling, 
loggmg,  and  utilization  practices.  Figure  1  compares  the  distribu- 
tion of  slash  of  different  densities  on  27  sample  plots  typifying  a 
variety  of  logging  methods  and  stand  conditions  in  three  districts 
of  this  region.  The  ground  area  occupied  by  slash  varies  with  the 
method  of  logging,  irrespective  of  volume  of  slash.     Power  logging 
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results  in  the  greater  scattering  of  slash,  as  illustrated  by  plots  Nos. 
10  and  11.     The  board-foot  volumes  cut  on  these  plots  are  practically 
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the  same,  yet  the  Lidgerwood  skidder-logged  plot  has  twice  as  much 
area  of  forest  floor  covered  with  slash  as  the  horse-logged  plot. 
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In  horse  logging  in  the  heavier  stands  of  timber,  some  slash  must 
be  thrown  from  the  Avheel  roads  and  skid  trails,  resulting  m  consid- 
erable windrowing,  as  in  plot  No.  11. 


^3   LIGHT    SLASH 


)H 

[^t1  DEINSE  SLASH 

SLASH 

1         1   NO  SLASH 

CHAINS 

0  1 

1  ,             1 

2 

Figure  2. — Area  logged  by  dirpct  skidding  with  horses  (plot  105  of  fig.  1) 

Figure  1  illustrates  the  wide  variation  in  the  arrangment  of  slash 
that  is  so  important  a  consideration  in  rating  the  fire  hazard  of 
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various   slashings.     Figures   2   and   3   show   graphically   for   horse- 
logged  plot  105  and  for  skidder-logged  plot  24,  the  extremes  of 


[>>!|    LIGHT    SLASH 
^^    MODERATE  SLASH 


t4=m   DENSE  SLASH 
f>VV]  WINDROWED  SLASH 


I         I    NO   SLASH 


CHAINS 
1 


Figure  3. — Area  logged  by  Lidgerwood  skidder   (plot  24  of  flg.  1) 

distribution   of   slash   under   contrasting   methods   of   logging   and 
timber  stand. 
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PLATE    1 


Seedlings  and  saplings  which  start  under  the  protection  of  mature  western  yellow  pine  will  form 
the  nucleus  of  a  second  crop  if  proper  methods  of  logging  and  slash  disposal  are  used 


Tech.  Bui.  259.  U.  S.  Dept.  of  Agriculture 


F210402      F210413 


A,  One  year  after  cutting;  the  needles  are  dry  and  still  attached  to  the  limbs.  Slash  in  this 
condition  is  readily  inflammable  and  spreads  fire  rapidly;  B,  three  years  after  cutting;  most 
of  the  needles  have  fallen  to  the  ground.  After  the  needles  have  dropped  from  the  twigs  fire 
does  not  spread  so  rapidly  as  in  newly  cut  slash 
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RATE  OF  DECAY 

That  the  fire  hazard  from  slash  is  transitory  is  an  accepted  fact. 
But  as  to  the  duration  of  the  hazard  there  is  difference  of  opinion. 
Long's  investigations  (8)  in  the  Southwest  give  some  information. 
In  a  study  in  eastern  Oregon  in  which  the  writers  cooperated  with 
J.  S.  Boyce,  and  of  which  the  results  have  not  been  published,  Boyce 
found  that  at  the  end  of  the  first  year  the  needles  had  turned  to  a 
Jight,  red-brown  color  but  were  still  attached  to  the  twigs.  (PL 
2,  A.)  The  second  year  about  80  per  cent  of  the  needles  had  dropped, 
and  by  the  end  of  the  third  year  the  needles  had  practically  all 
fallen,  except  on  occasional  tops.  (PI.  2,  B.)  At  that  time  all  the 
twigs  up  to  one-fourth  inch  d.  i.  b.^  were  very  soft  and  broke  readily, 
many  up  to  one-half  inch  d.  i.  b.  were  decayed  and  broke  easily, 
and  some  decay  and  considerable  blue  stain  were  evident  in  those  up 
to  1  inch  d.  i.  b.  A  year  later  all  the  needles  had  dropped  except 
for  an  occasional  bunch.  Western  red  rot,  the  most  rapid  of  all 
rots  attacking  western  yellow  pine  slash,  was  by  then  abundant  in 
rhe  tops  and  was  extending  into  attached  branches.  At  the  end  of 
the  seventh  year,  all  needles  had  dropped  and  nearly  all  branches  up 
to  1  inch  d.  i.  b.  were  on  the  ground,  although  an  occasional  top  had 
most  of  its  branches  down  to  one-half  to  one-fourth  inch  d.  i.  b.  still 
attached.  The  material  already  fallen  had  broken  into  pieces  2  to 
12  inches  long.  Western  red  rot  had  largely  completed  its  work  on 
the  cull  logs,  tops,  and  large  limbs.  Broken  and  severed  branches 
were  decaying  very  slowly. 

Thereafter  it  was  difficult  to  recognize  much  change  in  the  slash 
from  year  to  year.  The  twigs  and  smaller  branches  had  completely 
broken  down  and  were  broken  into  small  pieces  on  the  ground  or 
had  completely  disappeared.  (PI.  3,  A.)  Western  red  rot  had  al- 
most entirely  completed  its  work.  Many  of  the  smaller  tops  had 
decayed  completely,  leaving  only  remnants  of  the  branches.  Where 
branches  were  still  attached  decay  had  left  only  a  slender  core  of 
firm  wood.  By  the  fifteenth  year,  all  branches  had  fallen  to  the 
ground,  except  those  dead  or  partially  dead  and  with  part  of  the 
bark  gone  at  the  time  of  cutting.  Many  tops  were  completely  de- 
cayed, with  only  traces  left,  while  others  were  destroyed  by  decay 
and  secondary  insects  to  the  point  where  only  a  thin  shell  of  firm 
wood  remained.         (PL  3,  B.) 

In  comparing  lopped  and  untreated  slash  Boyce  found  that  lopped 
slash  decays  more  slowly,  because  the  severed  limbs  dry  out  too 
rapidly  to  be  attacked  by  western  red  rot.  Piled  slash,  particularly 
in  large  piles,  also  decays  very  slowly,  the  branches  in  the  center  of 
the  piles  still  retaining  their  needles  after  15  years  and  remaining 
relatively  sound. 

From  the  examination  of  a  small  quantity  of  material  it  appears 
that  deterioration  of  slash  of  white  fir,  lodgepole  pine,  western  larch, 
and  probably  Douglas  fir  is  slower  than  that  of  western  yellow  pine. 

As  decay  and  disintegration  proceed,  combustibility  diminishes. 
The  slash  hazard  in  western  yellow  pine  cuttings  of  the  region  is 
considered  to  have  decreased  materially  after  5  years,  still  more  after 

"*  D.  i.   b.  =  diameter  inside  bark. 
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10  years,  and  after  15  to  20  years  to  have  practically  disappeared. 
These  old  cuttings,  however,  may  have  other  sources  of  fire  hazard 
not  present  in  the  virgin  woods,  such  as  grass,  sapling  thickets,  under- 
brush, punky  cull  logs,  tops,  and  stumps,  but  the  hazard  from  the 
slash  proper,  i.  e.,  the  material  under  4  inches  in  diameter,  is  prac- 
tically neutralized  after  about  15  years. 

EFFECTS  OF  SLASH  ON  FOREST  REPRODUCTION 

Studies  in  the  Southwest  {12)^  in  California  {Ui)^  and  one  in 
eastern  Oregon  by  li.  H.  Weidman,  all  indicate  the  importance  of 
advance  reproduction  ^^  in  the  management  of  the  western  yellow 
pine  type.  In  eastern  Oregon  advance  reproduction  w^as  found  to 
compose  ordinarily  from  53  to  98  per  cent  of  the  young  growth  10  to 
30  years  after  cutting.  The  establishment  of  subsequent  reproduc- 
tion is  a  slow  process,  depending  upon  the  coincidence  of  an  adequate 
seed  supply  and  a  season  favorable  to  germination  and  survival  of 
the  tender  seedlings.  This  may  occur  only  once  in  several  years,  so 
that  a  full  stand  of  subsequent  reproduction  may  not  follow^  logging 
for  10  to  40  years,  even  where  there  is  a  source  of  seed. 

Inasmuch  as  there  is  ordinarily  in  this  region  an  abundance  of 
advance  reproduction  in  the  virgin  forest  which  will  develop  into 
a  satisfactory  second-growth  forest  if  spared  from  logging  and  slash- 
disposal  damage,  it  is  obviously  desirable  to  so  manage  the  logging 
and  slash  hazard  that  the  seedlings  and  saplings  already  established 
may  survive  and  form  the  nucleus  of  a  second  crop.  In  choosing  a 
method  of  slash  disposal  on  land  which  it  is  desirable  to  keep  for- 
ested, it  is  of  utmost  importance  to  adopt  one  which  will  favor  the 
advance  reproduction,  just  as  far  as  is  compatible  with  other  objec- 
tives. Should  there  be  no  advance  reproduction,  the  method  might 
well  be  quite  different  from  what  would  be  good  practice  where  there 
was  a  thicket  of  saplings  and  seedlings. 

The  effect  of  undisposed  slash  upon  advance  reproduction  and 
upon  subsequent  reproduction  may  be  one  of  the  major  considerations 
in  deciding  upon  the  method  of  disposal  for  any  area.  It  must  be 
known,  for  example,  to  what  extent  dense  slash  may  obstruct  seed- 
lings already  established  or  prevent  the  starting  of  any  subsequent 
reproduction,  and  whether,  on  the  other  hand,  a  light  covering  of 
slash  may  prove  beneficial  in  conserving  surface  soil  moisture  or  in 
protecting  against  grazing  animals. 

Table  2  gives  figures  based  on  a  study  made  three  or  four  months 
after  logging,  when  the  effect  of  the  slash  upon  the  seedlings  was 
apparent.  This  examination  of  1,455  seedlings  on  167  hundredth-acre 
transects  gives  some  idea  of  the  immediate  effect  of  slash  of  different 
densities  upon  the  existing  seedlings. 

10  The  tonii  "  advancp  reproduction"  is  applied  to  the  seedlinjjs  and  saplings  that 
become  established  under  the  protection  of  the  virgin  forest  prior  to  cutting.  The  term 
"  subsequent  reproduction  "  is  applied  to  the  reproduction  that  starts  after  logging. 
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Table  2. — The    immediate    effect    of   f^lash    of   different    densities   on   advance 

reproduction 


Height  class  and  slash  density 

Distribution  of  seedlings  by 
different  stages  of  suppression 

Freei 

Bent  2 

Covered  ' 

0.01  to  0.5  foot  seedlinrs: 

Light  slash             -          -  .  -     .  -       -  -  _  -  -     - 

Percent 
69 
53 
24 
0 

72 
38 
22 
0 

76 
71 
34 
0 

87 
73 
47 

Per  cent 
20 
20 
^4 
10 

26 
49 
40 
13 

24 
29 
50 
57 

13 
27 
43 

Per  cent 
11 

27 

Dense  slash                                                                                  -  - 

52 

90 

0.51  to  1  foot  seedlings: 
Light  slash 

2 

13 

Dense  slash                                                                               .             

38 

Windrows 

87 

1.01  to  3  foot  seedlings: 
Light  slash 

0 

0 

16 

Windrows 

43 

3-foot  to  3.f-inch  (d.  b.  h.)  seedlings:  J 
Light  slash 

0 

0 

Dense  slash 

10 

'  Seedlings  with  leaders  free  and  no  mechanical  obstruction  of  stem  by  slash. 

2  Seedlings  with  leaders  free  but  stem  bent,  the  bending  usually  in  evidence  at  base. 

•'  Seedlings  completely  covered  by  slash,  foliage  yellow,  probably  killed 

*  No  data  on  windrows  in  this  class. 

It  is  clearly  evident  that  the  greatest  loss  of  reproduction  occurs 
among  the  smaller  seedlings.  Also,  the  loss  in  a  given  height  class 
increases  as  the  density  of  the  slash  becomes  greater.  Since  the  per- 
centage of  survival  is  thus  dependent  on  the  size  of  the  reproduction 
and  the  distribution  of  slash,  no  average  figure  can  be  given  for 
seedling  loss  in  slash.  The  smothering  of  seedlings  by  undisposed 
slash  is  generally  in  the  nature  of  a  thinning  rather  than  complete 
destruction  over  extensive  areas,  and  therefore  such  losses  will  seldom 
be  inimical  to  good  forest  management. 

Even  among  the  smallest  seedlings  (0.01-0.5  foot)  the  values  of 
Table  2  applied  to  dense  slash  distribution,  as  on  plot  24  of  Figure  1, 
show  a  loss  of  only  15  per  cent  of  the  entire  number  of  that  class 
of  seedlings.  Assuming  all  reproduction  to  be  over  3  feet  in  height 
and  the  slash  to  be  light,  as  on  plot  94  (fig.  1),  a  seedHng  loss  of  only 
1  per  cent  is  indicated.  These  two  examples  illustrate  the  approxi- 
mate maximum  and  minimum  amounts  of  reproduction  that  might  be 
smothered  by  undisposed  slash  immediately  after  logging. 

It  is  also  interesting  to  know  to  what  degree  seedlings  suffer  per- 
manently from  being  bent  by  slash.  Accordingly  1,429  seedlings  of 
various  heights  in  slash  of  ^different  densities,  7  to  12  years  after 
logging,  were  examined  and  classified ;  the  results  are  given  in  Table 
3.  The  largest  proportion  of  normal  seedlings  occurs  where  the  slash 
is  the  lightest,  and  here  the  proportion  of  bent  and  crooked  seedlings 
is  not  enough  to  be  a  serious  injury  to  the  future  stand.  In  the  dense 
slash  the  proportion  of  both  bent  and  crooked  seedlings  runs  from 
33  to  38  per  cent,  which  is  not  particularly  serious  considering  that 
the  patches  of  dense  slash  cover  ordinarily  a  relatively  small  part  of 
an  area.    As  might  be  expected,  with  an  increase  in  the  height  of  the 
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seedlings  there  is  a  slight  decrease  in  the  proportion  of  seedlings 
deformed  by  mechanical  interference  from  the  slash. 

Table  3. — TJie  effect  of  slash  on  the  form  of  advance  reproduction  7  to  12 

years  after  logging 


Height  class  and  slash  density 

Distribution  of  seedlings  by  different 
results  of  suppression 

Normal 
seedlings  i 

Bent  seed- 
lings 2 

Crooked 
seedlings  3 

0.01  to  0.5  foot  seedlings:  ^ 
Light  slash..  

Per  cent 
90 
80 
64 

92 
91 
62 

95 
92 

C7 

Per  cent 
5 

12 
10 

5 

3 

24 

2 
6 

19 

Per  cent 
5 
8 

Moderate  slash  .        ..      .  .      ....     .. 

Dense  slash    ..         .... 

0.51  to  1  foot  seedlings: 

Light  slash..      .. 

3 

(5 

M  Oder  ate  slash .  _  . . 

Dense  slash .        

1.01  to  3  foot  seedlings: 

Light  slash-. .  _     .  ...        .             . 

3 

Moderate  slash-     ...     .. 

2 

Dense  slash.  .  .. 

14 

1  Seedlings  normally  developed  with  no  mechanical  injury  to  stem. 

2  Seedlings  bent,  usually  at  base,  with  leader  free. 

s  Seedlings  badly  obstructed  by  slash,  crooked  in  the  form  of  an  S. 
«  Height  of  seedling  the  year  of  cutting. 

The  effect  of  slash  on  seedling  growth  was  also  studied.  Casual 
observation  led  to  the  belief  that  a  slash  cover  quickened  height 
growth,  but  the  careful  measurement  of  many  seedlings  failed  to 
show  any  consistent  effects  of  slash  on  increment  either  one  way  or 
the  other.  In  general,  seedlings  in  the  slash,  both  advance  and  sub- 
sequent, grew  at  the  same  rate  as  those  in  the  open.  Even  on  south 
slopes,  where  the  sheltering  effect  of  slash  should  be  beneficial,  no 
consistently  better  growth  of  the  seedlings  in  the  slash  was  found. 

There  is  theoretical  reason  to  believe  that  a  slash  cover  should 
favor  the  establishment  of  subsequent  reproduction  by  conserving  soil 
moisture,  by  creating  desirable  seed-bed  conditions,  by  affording  shade 
to  the  young  seedlings,  and  by  protecting  them  from  tramplin<y  and 
browsing  animals  {3).  In  the  Southwest,  Pearson  {12)  found  that 
slash  is  generally  beneficial  except  where  there  is  a  rank  herbaceous 
vegetation.  In  the  Pacific  Northwest  data  are  inadequate,  and  definite 
conclusions  are  therefore  impossible.  However,  some  observations 
are  available  from  a  group  of  permanent  sample  plots  on  the  pumice 
soils  of  central  Oregon,  on  half  of  which  the  slash  was  piled  and 
burned  and  on  the  other  half  left  undisposed  as  it  fell.  Here  at  the 
end  of  the  third  growing  season,  the  survival  of  subsequent  seedlings 
was  19  per  cent  on  the  piled-and-burned  area  and  37  per  cent  on  the 
slash-covered  area.  Moreover,  the  germination  on  the  latter  was 
nearly  twice  as  great  as  on  the  former,  so  that  the  net  advantage  was 
more  than  3  to  1  in  favor  of  the  slash-covered  area. 


FIRE-HAZARD   CONSIDERATIONS 


Since  the  principal  purpose  of  slash  disposal  is  the  reduction  in 
the  fire  hazard,  the  severity  or  character  of  the  fire  hazard  on  any 
particular  area  very  largely  influences  the  method  of  slash  disposal 
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that  should  be  chosen.  It  should  be  recognized  that  there  are  sev- 
eral factors  besides  the  volume  of  slash  itself  that  affect  the  hazard 
on  cut-over  lands.  An  understanding  of  these  will  help  the  timber- 
land  manager  to  appraise  conditions  on  his  own  property  and  plan 
his  protective  operations  accordingly. 

FUELS  OTHER  THAN   SLASH 

On  any  cut-over  land  more  or  less  inflammable  material  other  than 
debris  from  the  felled  trees  serves  as  fuel  for  the  accidental  fire. 
This  may  be  in  the  form  of  dry  grass  which  has  not  been  grazed 
down,  an  undergrowth  of  bushes,  an  accumulation  of  needles,  stand- 
ing snags,  or  fallen  dead  trees.  Hence  when  these  natural  forest 
fuels  are  present  in  quantity  a  more  intensive  system  of  slash  dis- 
posal may  be  necessary  than  where  slash  is  the  onlj^  abundant  fuel. 
The  areas  with  a  heavy  undergrowth  of  brush,  or  mock  chaparral, 
present  a  particularly  difficult  problem,  under  any  system  of  dis- 
posal. In  certain  localities  where  the  annual  fall  of  needles  accu- 
mulates to  a  depth  of  a  couple  of  inches  or  so  before  decomposition, 
it  is  the  ground  cover  of  needles,  rather  than  slash,  that  is  the  dan- 
gerous tinder  fuel  and  accordingly  must  be  considered  in  deciding 
upon  the  treatment  of  the  area  after  logging. 

METHOD   OF   LOGGING 

Some  kinds  of  logging  leave  the  slash  very  much  in  patches,  others 
scatter  it  more  evenly,  and  some  power  logging  smashes  it  up  very 
much  and  partly  covers  it  with  mineral  soil.  Some  logging  methods 
leave  wide  roads  and  trails,  scraped  clean  of  slash  and  other  fuels, 
thus  lessening  the  hazard  by  making  fire  control  easier.  Table  4 
gives,  for  five  principal  types  of  logging,  the  percentages  of  the 
total  area  in  primary  roads  or  skid  trails  and  the  average  width  of 
these  trails. 


Table  4. 


-Proportion  of  logging  area  in  skid  trails  and  average  width  of  skid 
trails 


Logging  method 

Area  in 
trails 

Width 
of  trails 

Logging  method 

Area  in 
trails 

Width 
of  trails 

Lidgerwood  steam  skidder 

Caterpillar  with  high  wheels 

Per  cent 
9.2 
9.5 
6.6 

Feet 
10 
15 
9 

Clyde  steam  skidder 

Per  cent 

28.7 
3.6 

Feet 
30 

3 

The  character  of  these  skid  trails  varies  with  the  type  of  soil  and 
the  nature  of  the  plants  in  the  ground  cover.  In  loose  soils,  trails 
made  by  power  logging  remain  barren  of  vegetation  for  several  years, 
but  horse  logging  usually  kills  only  a  part  of  the  vegetation,  and 
the  trails  become  overgrown  in  a  few  years.  On  stiff  soils,  such 
as  those  of  the  Blue  Mountains,  where  there  is  an  almost  continuous 
sod  of  grass  and  weeds,  even  power  logging  fails  to  scrape  the 
surface  bare  of  all  vegetation,  and  trails  there  are  hence  less  effectivQ 
as  fire  lines  than  those  on  loose  soils. 
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CAUSES     OF    FIRES 


Some  regions  are  more  predisposed  to  fires  than  others,  both  from 
human  risks  and  from  lightning,  and  the  forester  should  appraise 
the  local  chances  of  fire  before  he  decides  upon  a  slash-clisposal 
policy.  Knowing  the  causes,  he  can  perhaps  help  to  lessen  the  num- 
ber of  fires  that  start,  and  the  treatment  of  the  slash  areas  can  be 
intensified  to  fit  the  risks. 

The  logging  operation  itself  is  of  course  an  extraordinary  risk, 
especially  where  steam  power  is  used.  The  greatest  fire  danger  lies 
along  railroad  lines,  near  loaders  and  donkey  engines,  and  about  the 
w^oods  workers  themselves.  Slash  areas  contiguous  to  active  logging 
operations  are  therefore  particularly  subject  to  fire;  this  is  a  transi- 
tory condition  ending  when  the  operation  moves  on,  but  must  be  pro- 
vided for  in  the  plan  for  the  care  of  slash  areas.  It  should  of  course 
be  considered  the  obligation  of  the  logging  department  to  prevent  the 
starting  of  fires  and  to  control  those  which  might  start  contiguous 
to  the  operation;  this  cost  should  not  be  a  charge  against  slash 
disposal  or  logged-off  land  treatment. 

The  risk  of  fires  on  current  logging  operations,  in  comparison 
with  that  on  cut-over  land  away  from  the  operation  where  no  phase 
of  logging  is  under  way  and  where  some  of  the  slash  had  been  piled 
and  burned  and  some  not,  is  shown  rather  strikingly  in  the  records 
of  the  three  national  forests  in  Oregon  that  have  had  the  most 
lumbering  activity  through  a  term  of  years.  On  the  Whitman 
National  Forest  (1911-1926)  the  average  on  current  logging  areas 
was  88.7  fires  for  each  100,000  acres,  but  on  older  cut-over  land  1.5 
fires.  On  the  Wallowa  National  Forest  (1915-1926)  the  averages 
were,  respectively,  52.8  and  1.6  fires,  and  on  the  Crater  National 
Forest  (1917-1926)  73.5  and  8.2.  These  figures  indicate  that  the 
risk  is  from  9  to  59  times  as  great  on  the  logging  operation  as  on  the 
cut-over  land  away  from  it. 


LOCAL   CLIMATE 


The  climatic  conditions  of  any  region  not  only  have  an  important 
bearing  upon  the  degree  of  hazard  of  a  slashing  and  the  season  when 
it  is  hazardous,  but  also  circumscribe  the  period  when  slash  may  be 
burned  safely.  Even  within  the  pine  region  of  Oregon  and  Wash- 
ington there  is  variation  in  the  length  and  intensity  of  the  fire  season 
and  in  the  nature  of  the  slash-burning  season.  At  higher  altitudes 
the  snows  come  earlier  and  last  longer  and  shorten  the  period  when 
slash  piling  may  be  done  currently  with  logging.  Some  localities 
seem  to  have  much  more  weather  suitable  for  swamper  burning 
than  others.  At  best  there  are  but  a  few  weeks  for  safe  spot  burning 
or  burning  piled  slash  between  the  time  in  the  spring  when  slashings 
become  dry  enough  to  burn  and  yet  not  too  dry,  and  again  in  the 
fall  from  the  time  they  will  burn  safely  until  they  are  too  wet  to 
burn.  The  susceptibility  to  high  winds  and  their  direction  during 
the  fire  season  are  factors  to  reckon  with.  Those  choosing  slash- 
disposal  methods  should  appreciate  these  local  climatic  factors  and 
plan  accordingly. 
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The  length  of  the  fire-hazard,  season  has  a  bearing  upon  the  prob- 
able effectiveness  and  cost  of  methods  that  involve  intensive  pro- 
tection in  lieu  of  complete  burning.  It  makes  a  great  deal  of  dif- 
ference wliether  this  protection  nnist  be  given  for  three  or  six 
months  each  year.  The  fire  history  of  four  national  forests  typical 
of  this  region  indicates  that  94  to  98  per  cent  of  the  fires  occur 
between  the  middle  of  June  and  the  last  of  September.  (Fig. 
4.)  The  forester  will  do  well  to  study  local  fire  history  and  fire 
factors  in  estimating  what  each  method  of  slash  disposal  will  cost 
in  terms  of  a  given  standard  of  safety. 
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Figure  4. 


Average  number  of  fires  per  100,000  acres  per  year  by  10-day  periods  for 
four  national  forests  for  the  period  1908-1920 


SLOPE  AND  ASPECT 


Recognition  of  the  influence  of  slope  and  aspect  upon  the  behavior 
of  fires  is  a  distinct  aid  in  planning  slash  disposal.  Methods  of 
slash  treatment  that  might  be  cheap  and  effective  in  a  plateau 
country  would  be  wholly  out  of  place  on  long  hillsides.  It  has  been 
found  in  California  {IS)  tliat  the  percentage  of  fires  reaching  class 
C  size  varies  directly  with  the  percentage  of  slope,  as  does  the  size 
of  the  average  fire.  Roughly,  fires  on  5  to  15  per  cent  slopes  were 
two  and  a  half  times  as  large  as  those  on  0  to  5  per  cent  slopes; 
on  slopes  of  15  to  30  per  cent  they  were  nearly  twice  as  great  as 
on  those  of  5  to  15  per  cent;  and  on  30  to  60  per  cent  slopes  they 
were  twice  as  great  as  on  15  to  30  per  cent  slopes.  The  same  report 
shows  a  distinct  relationship  between  the  size  of  fires  and  aspect;  it 
was  found  that  the  percentage  of  class  C  fires  on  south  slopes  was 
about  twice  as  great  as  on  north  slopes. 

The  discriminating  forester  may  often  find  it  advantageous  to 
apply  one  method  of  treatment  to  the  level  land  and  another  method 
to  the  slopes,  or  one  system  to  the  dry  or  windward  exposures  and 
another  to  the  moist  or  lee  hillsides,  even  within  the  same  operation. 
By  employing  a  method  that  fits  the  conditions  of  each  situation, 
he  attains  uniform  results. 


16         TECHNICAL.  BULLETIN"    2  59,   U.   S.  DEPT.   OF  AGRICULTURE 


FOREST    TYPE 


This  study  deals  primarily  with  the  western  yellow  pine  type 
proper,  in  which  that  species  is  predominant,  but  this  type  is 
intermingled  with  patches  of  fir,  larch,  and  lodgepole  pine,  usually 
on  north  slopes;  this  mixed  type  presents  quite  a  different  fire 
hazard  from  the  pine.  Although  the  fir,  larch,  and  lodgepole  pine 
occur  naturally  on  the  more  moist  sites,  these  sites  are  apt  to  carry 
a  heavy  undergrow^th  and  accumulation  of  dead  wood  and  duff  that 
complicate  slash  disposal  after  logging.  These  areas  of  mixed  coni- 
fers on  the  north  slopes  deserve  special  consideration  in  making  a 
slash-disposal  plan  and  perhaps  a  treatment  quite  distinct  from 
that  in  the  pure  pine  areas. 

EFFECTS  OF  SLASH  ON  SOIL 

Although  no  systematic  investigation  of  the  effect  of  slash  on  the 
soil  was  made  in  the  present  study,  it  may  be  said  with  assurance 
that  the  leaving  of  slash  has  a  favorable  effect  upon  the  physical 
condition  of  the  soil  and  its  liability  to  erosion,  in  contrast  to  the 
results  of  burning.  The  addition  of  organic  matter  to  the  soil 
through  the  decomposition  of  the  slash  helps  to  make  the  soil  more 
friable,  particularly  if  it  is  a  heavy  soil.  Furthermore,  a  covering 
of  humus  increases  its  water-absorbing  capacity.  These  effects  can 
be  expected  to  be  beneficial  to  forest  production  in  the  long  run  and 
are  not  to  be  overlooked  in  planning  a  slash-disposal  policy. 

When  erosion,  either  of  the  sheet  or  gully  type,  is  well  advanced, 
as  on  soils  underlain  at  a  shallow  depth  by  bed  rock  or  a  layer  of 
semipermeable  heavy  clay,  undisposed  slash  can  have  a  part  irf  hold- 
ing the  soil  and  ground  cover  in  place,  and  making  condition's  more 
favorable  for  absorption  of  precipitation.  Particularly  on  slopes  of 
over  20  per  cent,  where  the  surface  cover  has  been  broken  by  roads 
or  skid  trails,  slash  can  be  a  direct  deterrent  of  erosion,  if  disposed 
with  this  purpose  in  mind. 

SLASH  IN  RELATION  TO   INSECTS" 

Slash  serves  as  a  breeding  place  for  two  general  types  of  forest 
insects,  beneficial  and  destructive.  The  beneficial  insects  are  those 
which  hasten  decomposition,  or  which  are  predacious  or  parasitic 
upon  the  destructive  species.  In  the  destructive  group  are  the  bark 
beetles  and  bark  borers  which  breed  in  slash  and  are  also  capable  of 
attacking  and  killing  living  trees. 

The  insect  menace  to  living  timber  from  slash-breeding  insects  is 
a  subject  of  some  controversy  among  entomologists.  How^ever,  the 
findings  of  the  Bureau  of  Entomology  as  applied  to  the  type  under 
consideration  confirm  the  observations  of  the  writers  on  this  point, 
namely,  that  slash  usually  does  not  constitute  an  insect  hazard  of  any 
great  economic  importance  to  near-by  living  trees. 

In  the  western  yellow  pine  type  of  Oregon  and  Washington  only 
three  genera  of  bark  beetles  and  bark  borers  need  be  considered,  the 
Dendroctonus  beetles  {Dendroctonus  hrevicomis^  D.  monticolae^  and 
D.  valens),  the  pine  engraver  beetles  (Ips  oregoni,  I.  enmrginatus^ 

"  This  section  prepared  by  F.  P,  Keen,  I^reau  of  Entomology. 
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PLATES 


F2 10432     F2 14901 

A,  Eight  years  after  cutting;  the  twigs  and  smaller  branches  are  broken  down  completely  and 
the  larger  limbs  are  punky  with  decay.  Slash  in  this  condition  ignites  less  readily  and 
makes  a  less  flashy  fire  than  fresh  slash;  B,  fifteen  years  after  cutting;  the  slash  is  no  longer 
a  fire  hazard  since  the  small  inflammable  material  has  united  with  the  soil  and  the  large 
material  is  riddled  with  decay  and  insects.  A  thrifty  stand  of  young  growth  has  been  pre- 
served by  adequate  fire  protection 


Tech.  Bui.  259,  U.  S.  Dept.  of  Agriculture 


PLATE  4 


F2 10437     F210436 


L,  Broadcast  burning  rrsiilts  in  forest  denndalion.  'ion  years  aiier  logging  and  broadcast 
burning  this  area  is  still  barren  of  any  forest  growth;  B,  spot  burning  leaves  patches  of  young 
growth  unburned.  Ten  years  after  logging  the  advance  reproduction  in  the  unburned  spots 
is  making  a  forest  cover  of  prospective  value 
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/.  confusus^  etc.)  and  the  pine  flatheaded  borers  {MelanopMla  gen- 
tilis^  etc.).  These  are  the  only  insects  in  the  region  which  breed 
successfully  in  logging  debris  and  also  attack  and  kill  standing  trees. 

All  of  these  beetles  are  strongly  attracted  to  logging  areas,  where 
they  attack  not  only  the  stumps,  felled  logs,  and  slash  but  the  stand- 
ing trees  as  well.  No  practicable  method  of  slash  disposal  will  avoid 
this  attractive  influence  of  the  cutting  areas  nor  the  resultant  damage. 

The  Dendroctonus  beetles  and  the  pine  flathead  borers  breed  in  the 
stumps  and  larger  felled  logs  (usually  over  6  inches  in  diameter) 
both  merchantable  and  cull.  As  logging  progresses  the  insects 
attracted  to  the  merchantable  logs  are  removed  from  the  woods,  and 
are  no  longer  a  menace.  The  remaining  insects,  which  have  been 
attracted  to  cull  logs  and  stumps,  do  not  breed  very  successfully  in 
this  class  of  material,  and  it  has  been  found  that  the  emerging  prog- 
eny is  far  below  the  number  produced  in  standing  trees;  hence  the 
net  result  is  unfavorable  to  an  increase  of  beetle  population  in  the 
logging  area.  It  has  been  noted  frequently  that  logging  areas  in 
w^hich  cutting  has  been  continuous  are  freer  from  beetle  damage  than 
virgin  forest  areas.  Furthermore  since  these  beetles  breed  princi- 
jDally  in  material  larger  than  that  ordinarily  removed  as  slash,  it  is 
obvious  that  no  method  of  slash  disposal  entirely  removes  the  ma- 
terial which  harbors  them. 

The  engraver  beetles  of  the  genus  Ips  and  other  small  bark  beetles 
of  little  economic  importance  breed  principally  in  the  smaller  mate- 
rial removed  in  slash  disposal.  They  breed  readily  and  successfully 
in  this  material,  and  frequently  their  progeny  emerges  and  kills 
large  patches  of  reproduction,  saplings,  or  the  tops  or  limbs  of  old 
living  trees.  It  is  generally  only  for  a  lack  of  fresh  slash  that  such 
trees  are  selected,  as  when  logging  operations  are  interrupted.  Usu- 
ally a  continuous  supply  of  green  slash  will  absorb  all  of  the  emerg- 
ing progeny  and  forestall  any  injury  to  living  trees.  While  the 
destruction  of  reproduction  may  be  considerable,  the  outbreaks  as  a 
rule  are  of  short  duration  and  rarely  persist  for  more  than  one 
season.  J.  A.  Beal,  who  has  done  some  recent  work  on  this  problem, 
reports  that  scattered  slash  left  exposed  to  the  sun  breeds  very  few 
pine  engraver  beetles,  while  shaded  slash,  such  as  that  in  piles,  breeds 
great  quantities.  Thus  the  menace  to  young  trees,  which  these  en- 
graver beetles  present,  suggests  scattering  the  slash  rather  than 
placing  it  in  piles,  since  disposal  of  the  slash  by  burning  usually 
can  not  be  accomplished  before  the  beetles  have  emerged. 

A  circular  of  the  Bureau  of  Entomology  on  this  subject  {15^  f.  7) 
concludes — 

that  in  the  light  of  our  present  information,  no  special  methods  of  slash  disposal 
need  be  recommended  to  avoid  insect  damage  to  western  yellow  pine,  except  in 
the  case  of  sporadic  cutting  or  when  logging  operations  cease.  In  such  cases 
infested  slash  material  should  be  destroyed  before  the  broods  of  insects 
emerge. 

SLASH  IN  RELATION  TO  FUNGI 

Numerous  fungi  are  found  in  western  yellow  pine  slash  and  cull 

logs,  of  which  the  following  might  be  dangerous  to  living  trees: 

Polyporus   ellisianus,    TraTnetes  pirii,  Polyporus   schweinitzii^   and 

Forties  laricis.    However,  fruiting  bodies  of  any  of  these  fungi  are 

e0129°— 31 2 
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rare  on  cut-over  lands  in  the  Northwest  pine  region.  As  Hubert 
(5)  and  Weir  (16)  point  out,  this  is  due  to  the  unfavorable  moisture 
conditions  in  the  western  yellow  pine  type  where  drying,  except  in 
shady  moist  situations,  is  so  excessive  as  to  preclude  the  production 
of  sporophores. 

SLASH  FROM  THE  STANDPOINT  OF  RANGE  MANAGEMENT 

The  loss  in  forage  values  from  undisposed  slash  is  in  proportion 
to  the  quantity  of  palatable  vegetation  thereby  covered  or  kept  out 
of  the  reach  of  grazing  animals.  Only  where  the  slash  is  very  dense 
will  the  vegetation  go  unutilized,  and  Figure  1  indicates  that  this 
jirobably  would  represent"  not  over  27  per  cent  of  the  area  and  gen- 
erally much  less. 

Slash  interferes  with  the  handling  of  herded  livestock,  like  sheep, 
but  not  so  much  with  other  animals,  n6r  is  this  difficulty  permanent, 
for  it  decreases  as  the  slash  ages.  The  burning  over  of  the  ground 
incident  to  slash-burning  operations  has  some  effect,  usually  un- 
favorable, on  the  density,  composition,  and  palatability  of  the  forage. 
This  effect  is  proportional  to  the  area  touched  by  fire  and  is  nat- 
urally inconsiderable  w^ith  methods  such  as  piling  and  burning  and 
swamper  burning,  but  material  in  broadcast  burning. 

Because  the  effect  of  slash  on  grazing  is  transitory  and  localized, 
range  management  would  seldom  be  a  determining  factor  in  decid- 
ing upon  the  method  of  slash  disposal. 

ECONOMIC   CONSIDERATIONS   GOVERNING  SLASH   DISPOSAL 

There  are  several  considerations  other  than  physical  conditions 
that  have  a  controlling  influence  on  the  choice  of  the  method  of  slash 
disposal  to  be  used  in  any  particular  lumbering  operation.  The 
most  important  of  these  are  the  ultimate  use  of  the  land  and  the  cost 
of  disposal ;  of  lesser  import  are  logging  convenience  and  the  preser- 
vation of  natural  beauty  along  roads  and  trails. 

ULTIMATE  USE  OF  THE  LAND 

If  the  land  imder  consideration  is  distinctly  adapted  to  growing 
field  or  orchard  crops  and  the  owner  intends  to  convert  it  to  that 
use,  his  chief  concern  will  be  to  get  rid  of  the  slash  and  all  residual 
forest  grow^th  as  cheaply  as  possible.  Ordinarily  this  Avould  imply 
broadcast  burning.  But  practically  all  of  the  western  yellow  pine 
cut-over  lands  in  Oregon  and  Washington  and  the  lands  yet  to  be 
cut  over  are  more  suitable  for  growing  forest  crops  than  for  agri- 
culture. It  is  very  much  in  the  public  interest,  as  well  as  in  the  inter- 
est of  the  owner,  that  such  lands  continue  to  be  productive  of  forest 
crops  and  be  not  allowed  to  become  denuded  of  useful  growth. 
Hence  slash  disposal  on  lands  chiefly  valuable  for  timber  produc- 
tion ought  to  be  in  harmony  with,  or  at  least  not  inconsistent  with, 
the  reforestation  requirements  of  western  yellow  pine.  This  should 
be  so  whether  the  owner  is  definitely  committed  to  a  policy  of  con- 
tinuous production  or  has  no  intention  of  holding  the  land  for  suc- 
cessive crops. 
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The  Federal  Government  on  the  national  forests  and  the  Indian 
reservations,  the  States  on  their  lands,  and  certain  private  owners  as 
well,  can  be  expected  to  practice  a  method  of  slash  disposal  which 
will  favor  reforestation  and  leave  the  land  safe  for  the  new  crop. 
Such  owners  will  be  willing  to  expend  enough  on  slash  disposal  to 
accomplish  these  objects,  but  whether  the  owners  are  individuals  or 
the  Government,  they  will  expect  the  investment  in  slash  disposal 
to  return  ample  benefits. 

Owners  of  pine  timberland  who  have  no  expectation  of  holding  the 
tract  for  a  second  crop,  but  who  contemplate  disposing  of  it  as  best 
they  can  when  their  operation  is  concluded,  naturally  do  not  want 
to  invest  heavily  in  intensive  slash  disposal  merely  to  promote  re- 
forestation. But  such  ow^ners  can  always  do  something  to  foster 
the  young  growth,  without  extra  expenditure  and  in  the  course 
of  protecting  their  operations  against  fire,  if  it  be  nothing  more 
than  to  avoid  destroying  the  reproduction. 

At  present  there  is  little  market  for  cut-over  land,  and  it  is 
priced  low.  There  is  some  sale  to  stockmen  purely  for  grazing 
purposes.  The  Federal  Government  is  taking  some  of  it  in  ex- 
change for  stumpage  to  round  out  the  national  forests,  giving 
preference  to  land  that  is  well  restocked  with  small  trees.  It  is  to 
be  expected  that  timber  operators  who  contemplate  continuous  pro- 
duction will  later  be  in  the  market  for  cut-over  land  with  second 
growth  upon  it. 

Since  regulated  grazing  is  not  incompatible  with  reforestation  in 
this  region,  this  logged  land  can  well  serve  a  dual  purpose — furnish- 
ing range  for  stock  and  growing  timber.  It  would  seem  therefore 
that  it  would  be  to  the  financial  advantage  of  stockmen  or  other  own- 
ers who  did  not  contemplate  holding  the  land  for  timber  production 
to  take  some  little  care  to  see  that  the  timber-producing  values  on  the 
area  are  not  impaired,  realizing  that  the  time  is  not  far  distant 
when  the  ultimate  buyer  will  pay  a  premium  for  having  a  new  timber 
crop  started  on  the  land. 

The  recommendations  to  be  given  later  take  into  consideration 
both  classes  of  owners — ^those  who  are  willing  to  make  some  ex- 
penditure for  slash  disposal  to  promote  reforestation  over  and  above 
necessary  precautions  to  protect  the  operation,  and  those  who  are 
unwilling  to  make  any  slash-disposal  investment  for  reforestation 
but  who,  nevertheless,  do  not  want  to  destroy  any  future  or  salvage 
values  the  land  and  the  growth  upon  it  might  have. 

COST  OF  SLASH  DISPOSAL 

There  is  a  wide  range  in  the  cost  of  slash  disposal  from  practi- 
cally nothing  per  acre  for  broadcast  burning  to  as  much  as  $6 
to  $10  per  acre  for  complete  piling  and  burning.  The  law  in  both 
Oregon  and  Washington,  in  requiring  the  abatement  of  the  fire 
hazard,  does  not  specify  any  method  of  disposal  but  accepts  broad- 
cast burning  as  satisfactory.  Hence  the  OAvner  is  free  to  use  any 
method  he  chooses  that  will  abate  the  fire  danger  to  his  neighbor's 
property;  he  must  use  his  judgment  as  to  how  much  he  is  willing 
to  pay  to  get  security  from  fire  for  himself  and  his  neighbor,  to 
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leave  his  land  in  productive  condition,  and  to  realize  on  whatever 
forest  and  forage  values  there  may  be  after  logging. 

The  managers  of  public  forests  like  the  national  forests  and 
Indian  reservations  have  considered  that  an  expenditure  of  several 
dollars  an  acre  is  justified  in  the  endeavor  to  leave  logged-off  lands 
in  a  desirable  and  safe  condition.  Private  owners  so  far,  with  a 
few  exceptions,  have  not  thought  it  economical  to  spend  more  than 
a  few  cents  an  acre  on  slash  disposal.  It  would  be  easy  to  demon- 
strate that  to  make  no  provision  for  slash  disposal  is  as  unbusiness- 
like as  to  go  without  insurance,  and  also  that  a  crude  cheap  method, 
such  as  broadcast  burning,  is  destructive  of  forest  values  far  in 
excess  of  the  cost  of  a  more  intensive  method.  Any  owner,  whether 
private  or  public,  must  use  nice  judgment  to  decide  what  degree 
of  intensity  of  slash  disposal  will  bring  him  the  largest  returns 
in  insurance  against  losses  from  fire  and  loss  of  operating  time, 
and  in  increased  prospects  for  a  second  crop. 

CONSIDERATIONS  OF   LOGGING  CONVENIENCE 

Only  where  horse  logging  is  employed  does  the  presence  of  slash 
hamper  the  skidding;  it  also  increases  the  chances  of  injury  to  the 
animals.  It  has  been  estimated  that  horse-skidding  costs  are  10 
to  20  per  cent  less  when  slash  is  burned  before  rather  than  after 
skidding.  With  steam-poAver  logging,  and  to  a  lesser  degree  with 
caterpillar-tractor  logging,  the  presence  of  undisposed  slash  offers 
no  obstacle  to  bringing  in  the  logs.  The  choice  of  a  slash-disposal 
method,  therefore,  is  of  real  consequence  only  with  horse  logging. 

AESTHETIC  CONSIDERATIONS 

Slash  is  unsightly,  particularly  during  the  first  few  years,  when 
the  brown  needles  are  still  attached  to  the  twigs.  Along  highways 
and  close  to  recreational  areas,  appearance  may  be  of  sufficient 
consequence  to  decide  the  method  of  slash  treatment  to  be  used, 
apart  from  other  considerations. 

METHODS  OF  TREATING  SLASH 

For  the  purpose  of  this  discussion  seven  methods  of  slash  treat- 
ment, some  of  which  may  be  still  further  subdivided,  may  be  recog- 
nized, all  of  which  are  practiced  more  or  less  in  the  Pacific  North- 
west and  most  of  them  in  other  parts  of  the  western  yellow  pine 
region  as  well.  They  are  broadcast  burning,  spot  burning,  piling 
and  burning,  swamper  burning,  no  burning,  strip  burning  with 
intensive  protection,  and  partial  piling  and  burning  with  intensive 
protection.  Each  wilL  be  described  in  turn  and  its  advantages  and 
disadvantages  discussed. 

BROADCAST    BURNING 

DESCRIPTION 

Disposal  of  slashings  by  broadcast  burning  consists  in  leaving  the 
debris  exactly  as  it  lies  after  logging  and  then,  at  a  time  when  the 
fire  will  spread,  firing  the  area  along  one  or  more  edges  and  allow- 
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ing  it  to  run  at  will  over  the  area  to  be  burned.  The  only  prelimi- 
nary preparation,  if  any,  is  to  construct  fire  lines  around,  or  partly 
around,  the  area  to  be  treated,  to  keep  the  fire  from  felled  timber, 
uncut  forest,  or  camps.  This  method  is  practiced  either  spring  or 
fall,  when  the  debris  is  dry  enough  to  allow  free  running  of  the 
fire  from  one  patch  of  slash  to  the  next,  across  logging  trails  and 
all.  Although  broadcast  burning  should  not  be  done  at  the  height 
of  the  dry  season,  nevertheless  it  is  not  unusual  for  the  fire,  augmented 
by  a  high  wind  or  unexpected  dry  weather,  to  spread  uncontrolled 
beyond  its  intended  boundaries.  This  method  has  been  generally 
employed  in  this  region  by  operators  on  private  lands  as  the  cheapest 
means  of  getting  rid  of  the  slash  fire  menace,  ignoring  or  subordi- 
nating all  other  considerations.  Fortunately  in  recent  years  other 
methods  have  been  coming  into  use  on  private  lands. 

The  cost  of  burning  slashings  by  this  method  is  almost  negligible. 
The  principal  expense  is  in  the  preparation  of  fire  lines  at  which  to 
stop  the  fire;  this  item  varies  with  conditions.  The  entire  cost  of 
the  operation  is  usually  between  1  and  5  cents  per  acre — rarely  as 
much  as  10  cents,  unless  the  fire  gets  out  of  bounds  and  has  to  be 
fought. 


EFFECT    ON    FOREST    GROWTH 

The  effect  of  broadcast  burning  on  advance  reproduction  and  trees 
that  may  have  been  left  standing  is  inevitably  disastrous.  Since  the 
actual  burn  covers  most  of  the  area  a  corresponding  portion  of  the 
seedlings,  saplings,  and  small  trees  are  killed  or  damaged.  Table  5, 
based  on  the  examination  of  161  hundredth-acre  quadrats  on  three 
broadcast  burned  plots,  gives  statistics  on  damage  to  reproduction. 

Table  5. — Effect  of  broadcast  burning  on  advance  reproduction  as  shotvn  on 
burned  and  unburned  quadrats 


Plot  No. 

Seedlings  per  acre 

Quadrats  having 
reproduction 

Area  upon 
which  re- 
production 
was  killed 

Basis, 

Burned 
quadrats 

Unburned 
quadrats 

Burned 

Unburned 

quadrats 

43 

Number 
0 

4 

Number 
339 
860 
659 

Percent 
0 
2 
9 

Per  cent 
50 
92 
71 

Per  cent 
65 
91 

68 

Number 
64 

44 

56 

93.. 

41 

The  effect  of  the  broadcast  burning  is  very  plain.  Only  a  few 
seedlings  survived  on  the  burned  areas.  The  percentage  of  the  area 
upon  which  all  reproduction  was  killed  is  indicative  of  the  complete- 
ness of  the  burn.  Where  most  of  the  slash  was  consumed,  as  high 
as  91  per  cent  of  the  total  area  of  reproduction  was  killed. .  Where 
the  fire  did  not  run  freely,  only  55  per  cent  of  the  reproductive  area 
was  burned  over.  On  two  plots  examined  in  less  detail  and  not 
included  in  Table  5,  85  and  94  per  cent,  respectively,  of  the  areas 
having  reproduction  were  reached  by  the  flames. 

Plate  4,  A,  shows  vividly,  for  an  area  logged  10  years  before,  the 
destructive  effect  of  broadcast  burning  on  forest  growth. 
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The  damage  to  forest  growth  larger  than  "  reproduction  "  is  also 
considerable  even  in  trees  over  12  inches  in  diameter,  as  was  shown 
by  strip  surveys  across  broadcast  burns  upon  which  all  reserved  trees 
were  recorded.     The  results  are  presented  in' Table  6. 

Table  6. — The  effect  of  broadcast  burning  on  reserved  trees  of  western  yellow 

pine 


Plot  No. 

Trees  killed 

Plot  No. 

Trees  killed 

Under  12 
inches 
d.b.h. 

Over  12 
inches 
d.b.h. 

Under  12 
inches 
d.  b.  h. 

Over  12 
incnes 
d.b.h. 

43 

Per  cent 
80 
76 
31 

Per  cent 
0 

79 
27 

17     

Per  cent 
100 
81 

Per  cent 
0 

44     - 

18 

0 

93 

Figure  5. — Broadcast  burninj?  encouracrcs  erosion.  The  burnini?  of  the  slash, 
needles,  and  surface  litter  robs  the  soil  of  its  natural  protective  covering,  and 
gullying  is  apt  to  result 

The  variation  in  damage  from  broadcast  burning,  which  in  the  case 
of  trees  under  12  inches  in  diameter  is  from  31  to  100  per  cent  on  the 
plots  studied,  is  due  to  the  behavior  of  the  fire.  On  a  hot,  windy 
day,  when  the  slash  burns  fiercely,  the  fire  is  especially  destructive 
of  the  forest  growth,  both  small  and  large.  Even  under  the  best 
conditions  broadcast  burning  of  slashings  kills  so  large  a  proportion 
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of  the  advance  growth  and  reserve  trees  that  it  is  inimical  to  effective 
natural  reforestation.  It  is  a  method  that  has  no  place  in  the  man- 
agement for  continuous  production  of  the  western  yellow  pine  lands 
of  this  region. 

Moreover,  broadcast  burning  seems  to  be  unfavorable  to  the  estab- 
lishment of  subsequent  reproduction,  partly,  no  doubt,  because  of 
the  reduction  of  the  seed  supply.  For  example,  on  120  hundredth- 
acre  quadrats  selected  at  random  in  a  10-year-old  broadcast  burn 
not  one  seedhng  was  found  that  had  originated  since  the  fire.  Any 
method  of  burning  is  disadvantageous  to  the  soil,  robbing  it  of  its 
duff  and  humus  cover,  encouraging  erosion  (fig.  5),  and  hastening 
soil  compacting;  and  broadcast  burning  spreads  these  destructive 
influences  over  the  widest  possible  area,  inevitably  contributing  to 
the  difficulties  of  subsequent  reproduction.  Brush  growth,  particu- 
larly of  the  species  that  sprout  well  after  fire,  is  liable  to  become 
denser  after  broadcast  burning,  and  if  the  brush  becomes  too  dense 
this  also  means  less  favorable  conditions  for  forest  grow^th. 

The  effect  of  a  broadcast  slash  burn  is  like  that  of  a  forest  fire ; 
it  reduces  the  densitjr  of  the  forage  plants  and  replaces  valuable 
species  with  those  of  inferior  quality.  How  this  actually  happened 
in  one  locality  in  southern  Oregon  is  shown  in  Table  7  by  data  gath- 
ered by  L.  P.  Brown. 

Taiu.e  7. — The  effect  on  forage  of  broadcast  burning  of  cut-over  lands 


Character  of  vegetation 

Condition 
before 
burning 

Condition 

after 
burning 

Per  cent 
80 
15 
40 

20 

35 
45 

Per  cent 
85 

Density 

5 

Palatability . 

20 

Composition  of  forage: 
Grass 

2 

Weeds-- 

20 

B''owse 

78 

The  striking  fact  brought  out  in  Table  7  is  the  change  in  the  com- 
position of  the  forage  after  burning.  The  browse  constitutes  78  per 
cent  of  the  vegetation  after  burning,  as  compared  with  45  per  cent 
before  the  fire,  while  the  percentage  of  grass  decreased  from  20  to  2. 
The  reduction  in  density  by  two-thirds  and  of  palatability  by  a  half 
is  of  particular  significance  in  its  effect  upon  the  carrying  capacity 
of  the  range.  Observations  on  extensive  areas  in  different  parts  of 
the  region  bear  out  the  conclusions  reached  on  this  one  area,  namely, 
that  broadcast  burning  decreases  the  density  of  forage  at  the  same 
time  that  it  lowers  its  quality. 


EFFECT  ON   FIRE  HAZARD 


A  broadcast  slash  fire  always  gives  some  immediate  relief  from  fire 
danger  by  removing  at  least  the  needles  and  grass  fuels,  and  it  may 
clean  the  ground  so  thoroughly  of  inflammable  material  that  there 
will  be  little  danger  of  fire  for  a  few  years,  or  until  a  new  supply  of 
dry  grass,  needles,  and  brush  has  accumulated.  Often,  however,  the 
reduction  in  fire  hazard  by  broadcast  burning  is  merely  temporary 
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and  more  apparent  than  real.  The  slash  itself  may  be  burned  up,  but 
in  the  wake  of  the  fire,  particularly  in  the  mixed  type  of  the  north 
slopes,  thickets  of  saplings  and  small  trees  that  are  killed  but  not 
consumed  remain  to  give  fuel  to  a  later  accidental  fire.  (Fig.  6.) 
Again,  if  the  broadcast  burning  results  in  increasing  the  quantity  of 


FiGUEB  6. — Broadcast  burning  may  actually  intensify  the  fire  hazard  by  increasing 
the  amount  of  inflammable  fuel,  as  on  this  broadcast  burn,  where  the  flre  killed 
the  clumps  of  saplings  but  did  not  consume  them,  leaving  them  to  feed  future  fires 

inflammable  bushes  its  beneficial  effect  in  hazard  reduction  is  soon 
overcome.  It  sometimes  happens,  too,  that  the  slash  is  too  wet  or  too 
green  to  burn  clean;  the  needles  burn,  but  the  twigs  and  branches 
are  only  charred  and  thereafter  decay  more  slowly  than  if  untouched 
by  fire. 

SPOT    BURNING 


DESCRIPTION 


Spot  burning  is  a  modified  form  of  broadcast  burning  in  which 
only  the  heaviest  patches  of  slash  are  fired  and  the  flames  are  not 
allowed  to  spread  over  the  entire  area.  There  is  no  special  handling 
of  the  slash,  but  it  is  ignited  heap  by  heap  as  it  lies.  To  prevent  the 
fires  from  spreading  completely  over  the  whole  area  and  resulting  in 
a  broadcast  burn,  certain  precautions  are  taken.  For  one  thing  the 
burning  is  done  when  the  slash  is  not  excessively  dry  and  when 
weather  conditions  are  such  that  the  fires  will  burn  well  enough  in 
heavy  slash  but  will  not  spread  where  the  fuels  are  scant.  The 
heaps  of  slash  are  ignited  on  the  leeward  side,  or  the  firing  is  started 
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on  the  uphill  side  of  the  area.  Occasionally  short  fire  lines  may  be 
constructed  to  isolate  patches  of  slash.  Late  afternoon  or  evening 
burning  makes  possible  better  control  than  burning  during  the  heat 
of  the  day.  Spot  burning,  like  broadcast  burning,  is  done  both 
spring  and  fall,  but  rather  more  in  the  fall. 

It  is  a  common  method  in  use  on  private  lands  where  the  operator 
has  some  interest  in  sparing  the  residual  forest  values  and  wishes 
to  avoid  the  undesirable  consequences  of  broadcast  burning,  and  yet 
is  not  prepared  to  use  the  more  expensive  methods  of  disposal  dis- 
cussed later.  Spot  burning  is  accepted  by  the  State  foresters  as 
satisfactory  compliance  with  the  State  law  for  the  disposal  of  slash- 
ings even  though  only  a  fraction  of  the  gross  amount  of  slash  is 
burned  up.  It  is  a  relatively  inexpensive  operation,  costing  on  an 
average  from  10  to  20  cents  per  acre. 

EITEC?r  ON   FOREST  GROWTH 

The  results  of  spot  burning  are  very  much  the  same  as  those  of 
broadcast  burning,  except  in  degree.  Each  spot  burn  is  in  effect  a 
miniature  broadcast  burn  on  which  destruction  of  slash,  reproduction, 
forage,  and  organic-soil  cover  is  complete.  In  most  cases  the  fire  is 
confined  to  about  a  third  of  the  surface.  The  damage  to  seedlings 
and  saplings  will  be  proportional  to  the  occurrence  of  reproduction 
on  the  areas  covered  by  the  spot  fires,  and  this  is  quite  variable. 
A  detailed  study  of  five  spot-burned  tracts  shows  that  the  fire  over- 
ran 19  to  77  per  cent  of  the  total  area  of  reproduction  and  on  an 
average  killed  the  seedlings  and  saplings  on  about  38  per  cent  of  the 
area  of  reproduction.  (PI.  4,  B.)  If  more  than  45  per  cent  of  the 
area  of  reproduction  is  run  over  by  fire  it  can  hardly  be  called  spot 
burning. 

Damage  to  advance  reproduction  from  attempted  spot  burning 
ranges,  therefore,  all  the  way  from  practical  devastation  to  a  minor 
loss;  but  it  is  considerably  less  disastrous  to  the  reserve  trees  both 
above  and  below  12  inches  in  diameter  than  is  broadcast  burning, 
because  the  fire  does  not  gain  such  momentum.  A  survey  of  three 
spot-burned  plots  shows  practically  no  trees  over  12  inches  in  diam- 
eter killed  by  the  fire  and  generally  less  than  10  per  cent  of  the 
smaller  trees  of  all  species. 

The  effect  of  spot  burning  on  soil  and  forage  is  as  disastrous  as 
that  of  broadcast  burning  on  the  areas  burned  over.  The  danger  in 
employing  this  method  lies  in  the  possibility  that  the  spot  fires  may 
get  out  of  control  and  develop  into  a  devastating  broadcast  burn. 

EFFECT  ON  FIRE  HAZARD 

Spot  burning  is  more  efficient  as  a  means  of  hazard  reduction  than 
broadcast  burning  if  judged  by  area  burned  over,  since  by  spot  burn- 
ing the  heaviest  and  most  inflammable  patches  are  burned,  thereby- 
lessening  very  much  the  risk  of  fire  starting  on  the  rest.  If  in  addi- 
tion the  spot  burning  is  done  with  discrimination,  and  the  areas  most 
exposed  to  fire,  such  as  along  railroads,  highways,  and  trails,  are 
cleaned  up  thoroughly,  a  maximum  security  against  fire  will  be  at- 
tained with  a  minimum  of  area  burned  over.  Examination  of  two 
extensive  areas  of  spot  burning  showed  that  in  one  case  where  47  per 
cent  of  the  forest  floor  had  been  burned  over,  only  3.6  per  cent  of  it 
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Figure  7. — Piling  of  slash  prior  to  logKinjr  (A)  facilitatps  skiddinc;  but  profhulos 
the  use  of  logj^inj,'  roads  or  skid  trails  for  the  ijlacciiu'Ut  of  the  piles  (B),  as 
is  possible  when  slash  is  pih-d  after  logging 
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was  still  covered  with  slash;  in  the  other  case,  w^here  19  per  cent  had 
been  burned  over,  only  11.3  per  cent  of  the  surface  was  slash  covered 
after  the  fire.  In  both  cases,  however,  about  a  third  of  the  remaining 
slash  was  in  heavy  accumulations. 

PILING   AND    BURNING 

DESCRIPTION 

The  method  of  slash  disposal  called  piling  and  burning  consists 
in  piling  all  the  twigs  and  branches  under  4  inches  in  diameter,  in- 
cluding those  cut  from  the  unmerchantable  top,  in  compact  conical 
piles  and  then  burning  these  piles  as  soon  thereafter  as  it  is  safe 
to  do  so.  Next  to  swamper  burning  this  method  accomplishes  a 
maximum  reduction  in  slash  hazard  with  a  minimum  damage  to  the 


Figure  8. — Light  snow  on  the  ground  is  an  ideal  condition  for  burning   well-piled 

slash 

forest,  but  at  considerable  expense.  The  piling  is  ordinarily  done 
by  laborers  employed  especially  for  this  purpose,  who  work  by  con- 
tract or  by  the  day.  The  work  is  carried  on  concurrently  with  log- 
ging, except  during  the  period  of  deep  snows  when  piling  is  im- 
practicable. (Fig.  7.)  The  burning  is  confined  to  a  short  period 
between  the  too-dry  and  the  too -wet  season,  either  in  spring  or  fall, 
but  chiefly  the  latter. 

This  has  been  the  standard  method  of  slash  disposal  on  public 
lands  in  the  western  yellow  pine  type  for  many  years,  and  most  of 
the  slash  on  the  national  forests  and  Indian  reservations  of  eastern 
Oregon  and  Washington  has  been  so  piled  and  burned.  Only  to  a 
limited  extent  has  it  been  employed  on  private  lands. 

Even  under  the  most  efficient  supervision  it  is  usually  a  few  weeks 
from  the  time  falling  is  done  before  the  slash  can  be  piled,  and  then 
it  may  be  months  before  it  is  burned,  especially  if  burning  is  done 
only  in  the  fall.     (Fig.  8.)     Meanwhile  the  slash  has  dried  out  and 
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become  an  increasing  fire  hazard,  even  after  it  is  piled.  This  method, 
therefore,  does  not  abate  the  fire  hazard  immediately;  there  is  a 
period  of  a  few  weeks  to  several  months  when  the  hazard  is  high, 
and  this  occurs  at  the  very  time  when  the  risk  from  the  active  opera- 
tion is  close  at  hand.  This  necessitates  especially  intensive  protec- 
tion on  current  logging  operations  until  the  slash  hazard  is  abated. 

The  piling  and  the  burning  are  two  separate  and  quite  distinct 
operations.  For  satisfactory  disposal  both  jobs  must  be  well  done. 
The  technic  of  both  operations  was  given  much  study  to  learn  in 
what  ways  this  method  of  slash  disposal  could  be  carried  out  most 
effectively  and  efficiently.  In  the  Appendix  (p.  50)  the  technic  of 
both  processes  is  discussed  in  considerable  detail. 

This  is  an  intensive  method  of  logged-land  treatment  and  there- 
fore expensive.  On  the  basis  of  wages  prevailing  in  1927,  1928,  and 
1929  piling  alone  was  found  to  cost  all  the  way  from  $0.30  to  $1.43 
per  thousand  feet  of  timber  cut,  depending  on  the  character  of  the 
debris,  the  topography,  and  the  quality  of  the  work  expected,  with 
an  average  at  the  then  current  wages  of  about  $0.40.  Where  the  job 
can  be  contracted  the  cost  is  usually  10  to  20  per  cent  less  than  that 
of  the  day-labor  system.  Under  the  most  favorable  conditions  of 
slash  a  contract  price  of  30  cents  a  thousand  feet  seems  to  be  so  low 
that  the  contractor  can  not  do  a  thoroughly  good  piece  of  work  and 
make  money.  At  the  other  extreme  it  was  found  that  in  a  stand 
where  there  was  a  large  amount  of  heavy  slash  and  knocked-over 
thickets  of  young  growth  that  added  to  the  debris,  a  contract  price 
of  $1.25  a  thousand  feet  did  not  enable  the  contractor  to  do  an  ac- 
ceptable job  and  make  fair  wages. 

In  a  stand  of  12,000  to  15,000  board  feet  per  acre  on  slopes  up  to 
20  per  cent,  a  man  will  pile  the  slash  from  12,000  to  16,000  board  feet 
per  day.  At  $0.40  per  thousand  a  daily  wage  of  $4.80  to  $6.40  will  be 
earned.  On  that  basis,  the  rate  per  thousand  for  heavier  stands 
should  be  less,  and  for  lighter  stands  more.  The  following  sliding 
scale  for  slash  piling  in  pure  yellow  pine  on  gentle  slopes  on  the 
basis  of  Table  1  should  apply:  For  stands  under  8,000  feet,  board 
measure,  per  acre,  70  cents  per  thousand  feet  of  logs ;  for  stands  of 
8,000  to  12,000  feet,  55  cents ;  for  stands  of  12,000  to  15,000  feet,  40 
cents ;  for  stands  of  16,000  to  20,000  feet,  35  cents.  Where  Douglas  fir 
and  white  fir  make  up  an  appreciable  part  of  the  stand  the  rate 
should  be  increased  proportionally.  Topography  and  amount  of 
undergrowth  should  also  be  taken  into  consideration  in  arriving  at 
a  fair  rate  for  piling. 

The  cost  of  burning  the  piles  is  usually  about  4  or  5  cents  per 
thousand  feet  of  logs,  but  may  be  as  little  as  1%  cents  or  as  high 
as  10  cents,  depending,  upon  the  condition  of  the  piles  and  the 
weather. 

EFFECT  ON  FOREST  GROWTH 

Properly  conducted  burning  of  piled  slash  kills  but  a  very  small 
percentage  of  the  advance  reproduction  (Table  8),  only  an  occasional 
tree  4  to  11  inches  in  diameter,  and  none  of  larger  size.  However, 
it  is  always  risky  business  using  fire  in  the  woods,  and  occasionally 
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the  fires  do  get  temporarily  out  of  control,  running  from  pile  to  pile 
and  sweeping  into  the  crowns  of  reserve  trees,  with  resultant  damage 
that  on  a  small  scale  is  comparable  to  that  from  a  broadcast  burn. 
The  better  the  piling  and  the  better  the  judgment  used  in  burning, 
the  fewer  the  accidents.  No  data  were  gathered  on  the  number  of 
piled  and  burned  areas  that  suffer  from  fire  running  wild,  but  it  is 
not  large. 

The  damage  to  reproduction  and  small  trees  is  not  proportional 
to  the  area  of  burned  spots,  because  the  advance  seedlings  and  sap- 
lings are  not  distributed  uniformly  and  the  piles  are  intentionally 
placed  where  there  is  the  least  reproduction.  Furthermore,  the  de- 
struction of  reproduction  on  occasional  spots  only  8  or  10  feet  across 
can  not  be  considered  to  reduce  seriously  the  productive  capacity  of 
the  forest,  especially  if  the  logging  damage  to  reproduction  has  not 
been  high  and  the  area  between  piles  is  reasonably  well  stocked  with 
young  trees. 

Table  8,  based  on  15  typical  plots  in  piled  and  burned  slash,  shows 
that  the  area  of  reproduction  killed  varies  widely  from  0.5  to  17.3 
per  cent  of  the  total  area  of  the  plot,  with  an  average  of  4.6  per  cent. 
From  2.8  to  28  per  cent  of  the  forest  floor  is  burned  over,  averaging 
9.4  per  cent,  but  some  of  this  (4.9  per  cent  of  the  area  burned)  carried 
no  reproduction. 

Table  8. — Area  of  reproduction  killed  and  of  ground  space  burned  over  by 
piling  and  burning  slash,  in  percentage  of  total  area 


Area  of  repro- 
duction killed 

Burned 

area 
originally 
lacking 
repro- 
duction 

Total 
burn 

Plot  No. 

Area  of  repro- 
duction killed 

Burned 
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lacking 
repro- 
duction 

Plot  No. 

Buraed 

Covered 
by  slash 

Burned 

Covered 
by  slash 

Total 
burn 

61 

Percent 

0.5 

.5 

.6 

il 

1.7 
2.2 
2.2 

Per  cent 
0.1 
.1 
.6 
.1 
.0 
1.1 
.0 
.1 

Per  cent 
4.2 
2.3 
3.2 
2.5 
10.1 
2.4 
3.0 
7.6 

Per  cent 
4.7 
2.8 
3.8 
3.2 
11.1 
4.1 
5.2 
9.8 

15 

Percent 
2.4 

3.9 
5.0 
6.0 
11.7 
12.7 
17.3 

Per  cent 
1.2 
.2 
.0 
.1 
.0 

Per  cent 
2.6 
1.8 
8.9 
3.9 
7.4 

Percent 
5.0 

63 

8 

5  7 

54 

46 -. 

13.9 

81  

20 

9.  9 

60 

97. 

19.  1 

83 

50 

.4              2. 2 
.  2  i          10.  7 

14.  9 

67 

58 

28.0 

67 

Where  a  reserve  tree  is  killed  it  is  usually  by  flames  from  a  burning 
slash  pile  sweeping  into  its  crown.  Indirect  damage  by  fire  eating 
into  the  base  of  a  tree  to  start  a  new  or  to  enlarge  an  old  fire  scar 
ordinarily  occurs  only  when  the  ground  cover  is  dry  enough  to  carry 
the  fire  over  the  surface. 

Table  9  lists  the  direct  damage  to  reserve  trees  under  11  inches 
d.  b.  h.  on  five  areas  examined  by  strip  surveys  covering  10  to  20  per 
cent  of  the  total  area.  There  is  no  record  of  a  tree  above  11  inches 
being  killed.  These  plots  show  but  a  small  loss,  the  percentage 
varying  from  0.7  to  3.3  per  cent  of  the  total  number  of  4  to  11  inch 
trees,  or  in  other  words  from  one  tree  to  every  20  acres  to  one  tree 
to  every  3I/2  acres. 
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Table  9. — The  damage  to  reserve  trees  heticeen  .)  and  11  inehes  d.  h.  h.  from 
piling  and   huming,   expressed  in  number  and  peroentag>G   of   trees   killed 

per  acre 


Plot  No. 

Trees  un- 
damaged 

Trees 
killed 

Trees 
killed 

Basis, 
area 

Plot  No. 

Trees  un- 
damaged 

Trees 
killed 

Trees 
killed 

Basis, 
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85 

Number 

7.64 

10.08 

12.  77 

Number 

0.05 

.20 

.26 

Per  cent 
0.7 
1.9 
2.0 

Acres 
378 
240 
560 

84 

Number 
5.88 
8.20 

Number 
0.13 
.28 

Per  cent 
2.2 
3.3 

Acres 
415 

36 

59 

140 

55 

Analyzing  this  loss  by  size  of  tree  shows  that  about  3  per  cent 
of  the  4- inch  trees  are  killed,  2  per  cent  of  the  5  and  6  inch  trees, 
and  1  per  cent  or  less  of  the  larger  trees  up  to  the  11-inch  class. 
The  smaller  trees  with  foliage  coming  closer  to  the  ground  and 
with  thinner  bark  naturally  have  the  higher  mortality.  On  four 
other  plots,  aggregating  1,660  acres,  which  were  burned  when  the 
w^eather  conditions  were  dangerously  unfavorable,  the  damage  to 
4  to  11  inch  trees  averaged  13.3  per  cent.  These  latter  areas  demon- 
strate the  unsatisfactory  silvicultural  results  of  piling  and  burning 
when  not  properly  supervised. 

It  is  important  to  bear  in  mind  that  the  data  on  loss  of  seedlings 
and  small  trees  given  in  Tables  8  and  9  were  all  taken  on  logging 
operations  where  care  was  exercised  to  keep  destruction  of  the  young 
groAvth  to  the  minimum.  Where  the  piling  and  burning  method  is 
used  without  strict  supervision  of  the  laborers  in  both  operations,  or 
where  the  timberland  owner  is  more  interested  in  saving  money  on 
the  job  than  in  saving  the  young  growth,  or  where  the  weather  sud- 
denly turns  dry  before  the  burning  can  be  suspended,  the  losses  may 
easily  be  very  much  greater  than  those  here  given.  Slipshod  piling 
and  poorly  timed  burning  can  give  results  almost  as  destructive  as 
spot  or  broadcast  burning.  The  discussion  in  the  Appendix  (p.  50) 
on  the  technic  of  piling  and  of  burning  shows  the  methods  that  must 
be  applied  if  damage  to  forest  growth  is  to  be  kept  reasonably  small. 
It  defines  the  standard  of  proper  piling  and  burning,  which  is  sub- 
stantially what  the  Forest  Service  established  for  the  timber  sales 
on  the  national  forests  of  Oregon  and  Washington. 

The  effect  of  piling  and  burning  on  the  establishment  of  subse- 
quent reproduction  varies  from  beneficial  to  decidedly  unfavorable. 
Pearson  found  (12)  that  where  vegetation  grows  so  rank  as  to 
be  a  serious  competitor  with  reproduction,  the  destruction  of  the 
plant  growth  is  a  positive  benefit,  and  that  almost  invariably  the 
l)urned  spots  restock  better  than  the  grassy  areas.  HoAvever,  on 
heavy  soils  where  the  destruction  of  herbaceous  vegetation  is  accom- 
panied by  packing  of  the  soil,  the  effect  is  harmful. 

The  findings  in  the  Southwest  can  be  supplemented  by  observa- 
tions made  in  this  region  on  national  forest  cut-over  lands  5  to  15 
years  after  logging.  On  clay  soils  reproduction  becomes  established 
very  slowly  on  the  burned  spots,  whereas  on  light,  loamy  soils  seed- 
lings come  in  very  abundantl}^  when  seed  supply  and  moisture  condi- 
tions are  favorable.  On  pumice  soils,  which  are  deficient  in  organic 
matter,  burning  seems  to  discourage  reproduction. 
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EFFECT  ON   SOIL  AND  FORAGE 

The  area  of  ground  surface  actually  touched  by  the  fire  with 
properly  conducted  piling  and  burning  is  so  small  that  the  direct 
effect  on  soil  texture  and  herbage  is  much  less  harmful  than  under 
the  broadcast-burning  method,  for  example,  where  a  high  percentage 
of  the  forest  floor  is  scorched.  However,  piling  ancl  burning,  in 
common  with  all  methods  of  complete  burning  of  the  slash,  has  the 
minor  disadvantage  of  consuming  the  organic  debris  from  the  tree 
tops  that  otherwise  would  be  returned  to  the  soil;  with  some  soils 
this  might  have  a  material  effect  on  forest  productivity.  Likewise 
this  method  is  not  appropriate  in  the  occasional  cases  when  it  is 
imperative  to  preserve  the  slash  cover  as  a  retardant  of  erosion. 

A  detailed  study  of  grazing  conditions  in  southern  Oregon  before 
and  after  slash  disposal  shows  that  piling  and  burning  the  slash 
does  not  appreciably  change  the  composition  of  the  forage  or  its 
palatability  percentage.  The  surface  area  and  density  of  vegetation 
were  somewhat  reduced  by  logging  and  slash  disposal. 

EFFECT    ON    FIRE    HAZARD 

Piling  and  burning  is  a  very  effective  method  of  getting  rid  of  the 
fire  menace  of  the  logging  debris,  but  the  drawback  is  that  it  does 
not  give  prompt  relief.  Inevitably  much  of  the  slash  is  not  piled 
immediately,  and  in  that  condition  it  is  a  hazard  as  soon  as  it  dries 
out.  Since  the  fire  danger  is  not  abated  by  piling  alone,  the  piled 
slash  is  subject  to  uncontrolled  conflagrations  and  remains  a  menace 
until  burned. 

Since  burning  operations  are  ordinarily  conducted  only  once  or  at 
most  twice  a  year,  inevitably  the  recent  cut-over  areas  on  which  the 
slash  is  piled  are  no  better  off  than  those  where  slash  is  left  un- 
touched, in  that  they  are  not  freed  of  the  fire  hazard  for  several 
months.  Furthermore,  it  seems  to  be  impossible  on  large  operations 
to  get  all  the  slash  burned  during  the  first  burning  season  after  it  is 
piled,  either  because  of  unfavorable  weather  conditions  or  because 
the  slash  is  too  green.  This  means  that  some  must  be  held  through 
a  second  dry  season  before  it  is  burned. 

In  the  ordinary  execution  of  burning  piled  slash,  occasional  piles 
are  purposely  left  unburned  either  because  they  are  too  close  to 
saplings  or  reserved  trees  or  because  they  fail  to  ignite.  These  are 
not  a  fire  hazard  of  consequence  since  they  usually  occur  singly  or 
scattered.  On  15  sample  plots  of  piled  and  burned  slashings  it  was 
found  that  on  more  than  half  of  the  areas  90  per  cent  or  more  of 
the  slash  was  burned,  the  minimum  number  burned  being  62  per  cent 
of  the  piles  and  the  maximum  100  per  cent. 

A  well-executed  job  of  piling  and  burning  removes  very  effectively 
the  hazard  created  by  the  presence  of  logging  slash.  Whatever 
hazard  remains  is  that  resulting  from  the  usual  needles,  grass,  and 
undergrowth,  as  in  any  conifer  forest,  and  from  the  small  quantity 
of  slash  left  unburned.  For  a  period  of  several  years  three  national 
forests  (the  Crater,  Wallowa,  and  Whitman)  having  a  large  area 
of  cut-over  land  had  only  0.01  per  cent  run  over  by  fire  annually 
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out  of  the  total   area   upon   which   the   slash   has  been  piled   and 
burned.     This  indicates  a  high  degree  of  immunity. 


SWAMPER    BURNING 

DESCEIPTION 


Swamper  burning,  or  progressive  burning,  as  it  is  sometimes  called, 
has  been  described  in  detail  elsewhere  by  the  junior  author  (17). 
Briefly,  it  consists  in  piling  and  burning  the  slash  in  one  operation. 
A  fire  is  started  with  dry  or  pitchy  wood  by  a  swamper  (or  by  the 
log  bucker)  and  as  soon  as  it  is  burning  well  the  freshly  cut  limbs 
are  thrown  on,  the  smaller  ones  first.  If  the  fire  has  the  proper  start 
the  green  limbs  will  ignite  satisfactorily  and  burn  up  cleanly.  A 
single  fire  will  serve  quit^  a  radius  and  may  be  kept  burning  several 
hours. 

Swamper  burning  can  be  done  even  in  the  rain ;  it  works  well  when 
there  are  a  few  inches  of  snow  on  the  ground.  Whether  it  would  on 
a  large  scale  in  deep  snows  has  not  yet  been  demonstrated.  However 
with  other  species,  such  as  white  and  Norway  pine  in  the  Lake 
States  (19)  and  spruce  in  Alberta,  swamper  burning  in  the  regular 
winter  snows  is  usual.  The  great  drawback,  especially  from  an 
administrative  standpoint,  is  that  this  method  can  be  employed  only 
in  wet  weather,  or  when  the  ground  is  snow  covered,  for  fear  of  the 
fires  spreading.  Its  application  is  thus  limited  to  a  part  of  the  fall, 
winter,  and  spring,  necessitating  a  flexible  slash-disposal  organiza- 
tion. In  large  operations  there  is  some  objection  to  this  method  on 
the  part  of  laborers,  because  of  the  smoke  that  sometimes  is  disagree- 
able when  they  are  at  work. 

Nice  judgment  is  needed  in  the  placement  of  the  fires,  which  should 
be  away  from  reproduction,  reserve  trees,  and  felled  logs  that  might 
be  burned.  And  they  should  be  placed  so  as  to  take  care  of  the 
maximum  of  slash  from  one  or  several  trees  with  the  minimum  of 
handling. 

Swamper  burning  has  been  practiced  in  connection  with  logging 
operations  in  eastern  Oregon  and  Washington  only  in  a  very  small 
way  and,  so  far  as  known,  only  on  the  national  forests.  It  has  been 
quite  generally  employed  in  some  localities  by  cordwood  cutters  or 
others  buying  small  quantities  of  Government  stumpage.  Recently 
it  has  been  tried  experimentally  on  several  major  logging  operations. 

The  actual  cost  of  swamper  burning  seems  to  be  a  little  more  than 
that  of  piling  and  subsequently  burning  the  piles,  because  of  the 
time  consumed  in  starting  the  fires  and  the  greater  average  distance 
the  branches  must  be  carried.  However,  there  is  a  saving  in  skid- 
ding costs,  particularly  when  horses  are  used,  that  may  be  an  off- 
setting advantage.  Estimates  have  placed  the  saving  of  skidding 
costs  where  horses  are  used  at  10  to  20  per  cent.  One  operator  found 
that  when  he  adopted  swamper  burning  (in  contrast  to  piling  and 
burning  after  logging)  his  skidding  costs  dropped  25  cents  per 
thousand  feet.  The  instances  of  sw^amper  burning  where  cost  rec- 
ords were  kept  indicate  a  range  from  $0.40  to  $1.50  per  thousand 
board  feet,  with  an  average  in  pure  pine  cuttings  of  about  $0.55  to 
$0.60  per  thousand,  or  perhaps  10  per  cent  more  than  piling  and 
burning. 
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A  modification  of  swamper  burning  proposed  by  J.  W.  Girard 
and  W.  C.  Lowdermilk  in  1922,  and  called  by  them  "  forced  burn- 
ing "  consists  in  piling  and  simultaneously  burning  the  slash  aftei 
the  logs  have  been  removed.  This  practice  is  naturally  limited  to  a 
short  season  when  burning  is  safe  and  when  the  debris  is  not  buried 
in  snow.  It  has  most  of  the  advantages  of  swamper  burning  before 
skidding  if  it  is  done  prior  to  the  first  fire  season  after  felling  the 
trees  except  that  it  does  not  facilitate  skidding.  In  an  experiment 
conducted  by  Girard  and  Lowdermilk  it  was  found  to  cost  about  10 
cents  more  a  thousand  feet  of  logs  than  the  method  of  piling  and 
burning  in  separate  operations.  Despite  the  possible  higher  cost, 
they  hold  that  certain  advantages  favor  its  use  on  the  flatter  tracts. 
The  slash  is  disposed  of  once  for  all;  the  hazard  is  not  carried 
through  a  fire  season;  and  if  a  fire  accidentally  runs  and  spreads 
a  considerable  crew  is  on  hand  to  suppress  it.  These  advantages 
they  appraise  as  being  worth  10  to  20  per  cent  of  the  costs. 

EFFECT    ON    FOREST   GROWTH 

Swamper  burning,  because  so  small  an  area  of  the  forest  floor  is 
touched  by  fire,  affects  reproduction,  reserved  trees,  soil,  and  forage 
less  than  any  other  method  that  attempts  to  burn  all  the  debris.  On 
one  tract  where  the  cut  was  about  11,000  feet  per  acre,  only  2.1  per 
cent  of  the  surface  was  burned,  or  about  half  as  much  as  would  have 
been  covered  by  fire  with  the  piling  and  burning  method  under  favor- 
able conditions  for  burning.  Injury  to  advance  reproduction  is 
limited  to  the  few  fire  spots.  Injury  to  reserved  trees  is  unusual  and 
with  proper  placement  of  the  piles  ought  always  to  be  negligible. 

EFFECT  OX  FIRE  HAZARD 

Swamper  burning  is  the  most  effective  of  all  methods  in  removing 
the  fire  hazard  of  the  slash.  Its  great  advantage  is  that  during  the 
period  when  it  can  be  practiced  safely  the  slash  is  burned  as  fast  as 
it  is  created  and  security  from  the  disposal  operation  accrues  im- 
mediately. In  this  respect  there  is  a  decided  advantage  over  other 
burning  methods,  in  all  of  which  the  slash  is  left  on  the  ground 
adjacent  to  the  operation — generally  during  the  summer  months — for 
periods  varying  from  a  few  weeks  to  a  year  or  more.  Ordinarily 
the  clean-up  from  swamper  burning  is  not  quite  as  complete  as  that 
from  piling  and  burning,  because  some  limbs  are  pinned  down  by 
the  logs  and  so  fail  to  get  on  the  fires,  but  this  material  should  not 
be  plentiful  enough  to  constitute  any  fire  hazard. 

NO  BURNING 

NO    TREATMENT    WHATSOEV-ER 

One  method  of  treating  logged-off  land  is  to  make  no  disposal 
whatsoever  of  the  slash.  This  was  a  common  practice  on  private 
lands  prior  to  the  time  that  the  State  foresters  under  the  authority 
of  the  forest-fire  laws  began  to  require  that  the  menace  of  these  un- 
burned  slashings  be  abated  in  some  way.  Without  special  provision 
60129°— 31 3 
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to  prevent  accidental  fires  such  areas  are  left  liable  to  conflagrations 
that  may  be  exceedingly  destructive  of  residual  forest  values. 

It  is  surprising  that  any  such  slash-strewn  areas  escape  burning; 
yet  in  examining  the  older  cuttings  in  eastern  Oregon  and  Wash- 
ington where  there  had  been  no  slash  disposal  and  not  much  systematic 
fire  patrol,  as  at  present,  it  was  found  that  on  a  considerable  acreage 
there  had  never  been  a  fire.  As  an  example  of  this,  R.  H.  Weidman 
reported  in  1924  an  area  in  the  Blue  Mountains  of  Oregon,  of  which 
only  about  0.6  per  cent  has  been  burned  over  annually  in  the  course 
of  two  or  three  decades.  This  area  of  30,000  acres  was  logged  in  the 
preceding  20  or  30  years,  was  traversed  by  wood-burning  locomotives, 
and  had  received  no  protection  except  the  ordinary  compulsory  patrol 
that  all  forest  lands  have  received  in  recent  years.  The  virgin  forest 
within  the  national  forest  in  the  same  region,  with  systematic  pro- 
tection, has  an  annual  burned-over  acreage  of  0.2  per  cent.  This  is  a 
striking  fact,  and  the  concl'usion  can  not  be  avoided  that  in  parts 
of  this  region  slash  areas  of  moderate  extent  are  controllable  hazards. 

From  the  silvicultural  point  of  view,  slash  left  undisposed  is,  of 
course,  a  benefit  to  the  soil,  to  reproduction,  and  to  forage  values.  It 
also  represents  no  initial  cost;  but  the  control  of  accidental  fires  and 
the  damage  that  they  do  may  be  very  expensive.  The  chief  objection 
to  no  disposal  is  that  it  does  not  satisfy  the  primary  requirement  of 
forest  management,  namely,  that  logged-ofF  lands  be  made  safe  for 
reforestation.  Except  as  it  is  practiced  over  small  areas  broken  up 
with  fire  lines  and  supplemented  by  intensive  protection,  as  discussed 
later,  no  disposal  can  not  be  recommended  for  this  region. 

LOPPING,   PXJLLING,    OR  PILING    WITHOUT   BURNING 

Lopping,  pulling,  and  piling  without  burning  are  methods  of  treat- 
ing slash  that  have  been  tried  in  other  regions,  but  none  of  them 
to  any  extent  in  the  Pacific  Northwest.  Lopping  consists  in  cutting 
all  limbs  from  the  top  of  the  tree  and  either  letting  them  lie  as 
they  fall  or  scattering  them  evenly  over  the  ground.  This  practice 
has  been  used  to  some  degree  on  public  lands,  with  several  objects  in 
view,  such  as  (1)  to  hasten  decay  of  the  slash  by  bringing  it  close  to 
the  ground,  (2)  to  decrease  the  fire  hazard  by  getting  the  tree-top 
slash  close  to  the  ground  and  scattered,  (3)  to  obtain  maximum 
beneficial  effect  of  slash  to  soil  and  seedlings  by  distributing  it,  and 
(4)  to  improve  the  appearance  of  the  cutting.  The  fallacy  of  the 
first  objective  was  shown  by  Long  (8),  who  found  that  slash  decayed 
just  as  rapidly,  if  not  more  so,  when  attached  to  the  tree  top  as  when 
lopped  off  and  in  contact  with  the  ground.  This  was  corroborated 
by  Boyce  in  the  Northwest.  Whether  lopping  practice  gives  any 
safety  against  fire  is  problematical.  Certainly  its  advantages  over 
those  of  leaving  the  slash  wholly  untreated  are  not  marked  and  for 
this  region  would  not  seem  to  justify  the  cost  (20  or  25  cents  per 
thousand  feet  board  measure  cut  on  the  average),  except  in  cases 
where  there  is  some  special  objective,  such  as  the  control  of  erosion. 

Pulling  is  a  method  which  has  been  used  to  some  extent  on  public 
lands  in  the  Southwest,  but  never  in  the  Northwest  so  far  as  known. 
It  consists  in  dragging,  usually  with  horses,  the  entire  unutilized 
top  of  the  tree  into  openings  far  from  reserved  trees  or  reproduction. 
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The  objects  of  this  method  are  to  get  the  bulk  of  the  slash  where  it 
would  do  the  minimum  of  damage  to  the  forest  if  it  got  afire  and  to 
distribute  the  slash  where  it  will  be  of  maximum  benefit  in  prevent- 
ing erosion  and  in  affording  protection  to  subsequent  reproduction. 
It  is  particularly  appropriate  in  a  forest  with  many  openings  and 
with  a  low  fire  hazard.  This  not  being  the  condition  in  the  North- 
west, it  is  not  a  practice  that  would  appear  to  have  any  place  here, 
since  it  would  not  give  security  from  fire,  and  its  other  benefits  would 
not  justify  the  expense.  Its  cost  is  said  to  vary  from  15  to  35  cents 
per  thousand  board  feet. 

Piling  of  slash  without  burning  has  been  suggested  as  a  means  of 
disposal  that  would  avoid  the  danger  and  injury  of  fire,  yet  have 
some  of  the  advantages  of  piling  and  burning.  Occasionally,  after 
slash  has  been  piled  where  the  forest  growth  is  dense,  it  has  been 
deemed  better  to  leave  the  slash  unburned  in  spite  of  the  hazard  than 
to  suffer  the  damage  to  reserve  trees  or  reproduction  that  would  be 
inevitable  were  the  piles  to  be  burned.  However,  experience  of  the 
Forest  Service  shows  that  piling  without  burning  creates  a  real 
hazard  that  persists  for  many  years,  as  slash  in  piles  decays  very 
slowly.  The  method  does  not  accomplish  the  purpose  sought,  and 
is  not  recommended. 

STRIP    BURNING    WITH    INTENSIVE    PROTECTION 

DESCRIPTTON 

This  method  consists  of  two  operations,  (1)  broadcast  burning 
strips  100  to  300  feet  wide  along  roads,  railroad  grades,  ridges,  or 
other  strategic  places  to  break  up  the  slashing  into  small  blocks  upon 
which  there  is  no  disposal  of  the  debris  whatever,  and  (2)  extraor- 
dinary precautions  for  a  few  years  to  prevent  fires  in  the  undis- 
posed slash.  Strip  burning  with  intensive  protection  has  been 
adopted  by  some  operators  in  Oregon  and  neighboring  States,  as  a 
means  of  avoiding  the  devastation  of  general  broadcast  burning  or 
spot  burning  and  yet  controlling  the  fire  hazard  at  small  expense. 
It  is  a  compromise  measure  in  that  its  purpose  is  to  make  the  area 
safer  for  reforestation  by  devastating  a  part  of  it.  The  Oregon 
State  Board  of  Forestry  accepts  this  system  of  fire  lines  and 
intensive  protection  as  complying  with  the  law  for  abating  the  slash 
hazard. 

The  strips  to  be  burned  are  usually  defined  by  fire  trails  raked 
clear  of  debris  6  to  10  feet  wide,  or  constructed  with  caterpillar 
tractor  and  drag  or  fire-line  plow.  WTien  the  burning  season  comes 
the  strips  betw^een  the  trails  are  fired.  Attention  to  these  fires  is 
necessary  to  prevent  their  spreading  broadcast  over  the  slashing, 
as  has  sometimes  happened.  In  open  pine  w^oods  the  broadcast- 
burned  strips  should  act  as  fairly  effective  barriers  to  surface  fires 
for  three  or  four  years,  but  they  become  increasingl}^  less  effective 
as  grass,  weeds,  and  needles  accumulate.  Some  of  these  isolation 
strips,  even  after  they  have  been  burned  hard,  carry  a  good  deal 
of  luel  in  the  form  of  saplings  and  bushes  killed  but  not  consumed 
by  the  flames,  and  if  there  is  much  of  this  material  the  effectiveness 
of  the  strips  as  firebreaks  is  of  short  duration.  More  expensive 
methods  of  fireproofing  these  strips  will  then  be  necessary. 
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The  burned  strips  will  not  in  themselves  stop  a  fire.  Under  a 
brisk  wind  on  a  dry  day  a  fire  will  cross  one  of  these  strips,  either 
by  flying  embers  or  on  the  ground  after  the  strip  has  grown  up  to 
grass  and  weeds.  Obviously,  a  network  of  burned  lanes  would  be 
quite  useless  unless  there  were  a  protective  organization  to  use  the 
lanes  as  vantage  points  in  fighting  fires.  There  must  be  a  detection, 
communication,  and  suppression  system  that  will  stop  accidental 
fires  when  they  reach  the  isolation  strips,  if  not  before.  An  integral 
part  of  the  system  should  be  a  network  of  auto  roads,  ordinarily 
following  the  abandoned  railroad  grades,  that  will  make  all  parts  of 
the  area  quickly  accessible.  The  methods  of  protection  employed  are 
similar  to  those  current  on  logging  operations  in  the  region,  except 
that  they  are  intensified  to  prevent  the  starting  of  fires  and  to  con- 
fine those  that  do  start  to  the  minimum  acreage  of  unburned  slash. 
The  organization  suitable  for  the  protection  of  tracts  of  unburned 
or  only  partly  burned  slashings  is  discussed  in  more  detail  later. 

The  cost  of  isolation  strips  depends  upon  their  frequency,  upon 
the  density  of  debris  and  forest  growth  through  which  they  run,  and 
the  care  with  which  they  are  built.  On  the  central  Oregon  plateau 
(6)  the  cost  is  from  $0.50  to  $3  per  acre  for  the  area  actually  burned, 
or  4, 10,  or  15  per  cent  of  this  for  the  area  actually  protected,  accord- 
ing to  the  proportion  of  the  area  occupied  by  strips. 

The  cost  of  the  protection  system  is  proportional  to  its  intensity 
and  will  vary  a  good  deal  from  tract  to  tract.  In  the  final  pages  of 
this  publication  a  model  set-up  of  a  protective  system  is  outlined, 
which  is  estimated  to  cost  about  14  cents  per  thousand  feet  cut,  or 
$2.14  per  acre  during  a  15-year  period.  This  is  a  desirable  standard 
but  is  higher  than  private  operators  who  are  using  this  method  are 
allowing  for  their  slash  areas. 

A  moderately  effective  protective  system,  installed  wholly  for  pro- 
tecting these  slash  areas,  might  cost  5  to  8  cents  per  acre  annually 
the  first  5  years  and  3  to  5  cents  the  succeeding  10  years.  During 
the  15-year  period  the  expenditure  would  vary  from  55  to  90  cents 
per  acre  for  protection.  The  combined  cost  of  strip  burning  (at  an 
average  of  20  cents  an  acre)  and  protection  would  then  be  from  $0.75 
to  $1.10  per  acre,  or  5  to  7.5  cents  for  each  thousand  feet  of  timber 
cut.  It  is  hardly  equitable  to  consider  all  of  this  as  the  cost  of  this 
method,  since,  regardless  of  the  system  of  disposal,  some  protection 
must  be  given  for  some  years  to  the  freshly  cut  areas  and  the  older 
cut-overs. 

Jacobson  (6)  recommends  this  method  where  the  cut-over  area  is 
accessible  and  not  too  steep  and  rough,  and  finds  that  when  roads 
are  so  cleared  out  as  to  make  the  land  accessible,  and  well-organized 
protection  is  thereafter  maintained,  it  proves  to  be  the  cheapest  and 
most  dependable  of  all  methods. 

EFFECT    ON    FOREST    GROWTH 

Since  this  method  is  merely  a  combination  of  broadcast  burning 
and  of  no  disposal,  its  effect  is  exactly  the  same  as  that  of  each  oi 
these  methods  on  the  respective  areas  treated  by  each.  The  strips 
occupy  from  5  to  30  per  cent  of  the  total  area,  and  on  them  the  initial 
loss  in  reproduction  may  be  from  55  to  91  per  cent.     (Table  5.)     Off 
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the  strips  where  the  slash  is  left,  that  is  on  70  to  95  per  cent  of  ihe 
area,  there  is  no  damage  to  reproduction  or  reserve  trees.  Losses 
from  subsequent  fires  are  possible,  but  these  would  depend  upon  the 
effectiveness  of  the  protective  system. 

EFFECT  ON    FIRE   HAZARD 

When  most  of  the  slash  is  left  unburned  the  chance  of  fire  starting 
is  reduced  very  little.  But  the  chances  of  accidental  fires  being  held 
to  a  small  area  are  good  under  this  method,  provided  the  strips  are 
numerous  and  well  burned  and  the  protective  organization  is  alert 
and  well  equipped. 

It  is  quite  impossible  to  measure  the  fire  hazard  on  such  areas  or 
to  compare  it  quantitatively  Avith  that  on  areas  treated  by  other 
methods.  The  experience  of  one  large  operation  in  the  region  under 
consideration  serves,  however,  as  rather  eloquent  evidence  of  what  is 
possible  on  a  tract  eminently  suited  to  this  method  where  the  organi- 
zation has  been  earnest  and  efficient.  In  the  six  years  1925-1930  this 
company  had  in  their  slash  60  fires,  which  covered  a  total  area  of 
129  acres  before  being  controlled.  During  this  period  there  was  cre- 
ated each  year  about  8,000  acres  of  fresh  slash,  or  an  average  area  of 
unburned  slash  for  the  period  of  24,000  acres,  on  which  the  burned 
strips  comprised  about  5  per  cent  of  the  area.  This  indicates  that 
only  about  0.14  per  cent  of  the  cut-over  area  burned  accidentally  per 
year.  The  fire  history  by  years  on  the  cut-over  lands  of  this  com- 
l^any,  including  both  those  strip  burned  and  those  freshly  logged,  is 
given  in  Table  10. 

Table   10, — Fire   liistory   of  2-'i,000   acres   of  unlmmcd   slash   under  intensive 
protection  including  5  per  cent   broadcast  burned  strips,  1925-1930 


Year 

Fires 

Acreage 
burned 

Percentage 
of  area  pro- 
tected that  ' 
burned 
annually 

Year 

Fires 

Acreage 
burned 

Percentage 
of  area  pro- 
tected that 
burned 
annually 

1925 

Number 
24 
13 
10 

7 

Acres 

20 

S 

14 

21 

Per  cent 

0.50 

.07 

.07 

.07 

1929 

Number 
3 
3 

Acres 

5 

61 

Per  cent 
0  02 

1926 

1930 

10 

1Q07 

Total  or  average.. 

1928 

60 

129 

.  14 

The  largest  fire  on  company  lands  where  this  method  of  slash 
disposal  was  in  effect  was  one  of  GO  acres;  most  of  the  fires  were 
held  to  ver}^  small  size.  There  was  a  larger  fire  in  1927  but  it 
started  in  unpiled  slash  on  national-forest  land,  burned  over  about 
100  acres  here,  and  then  spread  to  uncut  timber  and  land  upon  which 
the  slash  had  been  piled  and  burned,  where  it  was  controlled. 

PARTIAL  PILING  AND  BURNING  WITH   INTENSIVE   PROTECTION 


DESCRIPTION 


Partial  piling  and  burning  with  intensive  protection  is  similar 
to  strip  burning  with  intensive  protection,  except  that  upon  the 
isolation  strips  or  lanes  the  slash  is  piled  instead  of  being  fired 
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broadcast,  and  additional  precautions  are  taken  as  needed  to  make 
these  lanes  highly  fire  retardant.  The  same  extraordinary  precau- 
tions to  prevent  fires  Avithin  a  suitable  term  of  years  are  required. 
It  is  a  system  which  has  recently  been  tried  in  an  experimental  way 
on  a  few  national-forest  timber  sales  in  California  and  Oregon 
and  by  one  private  operator  in  California.^^ 

By  this  method  the  slash  on  designated  strips  of  variable  width, 
such  as  along  main-line  or  spur  railroads,  automobile  roads,  creeks, 
ridges,  and  near  camps  or  other  especially  hazardous  places,  is  piled 
immediately  after  logging  and  burned  at  the  first  opportunity. 
Further  precautions  may  be  taken  to  make  these  strips  highly  fire 
retardant,  such  as  chopping  out  the  small  trees  and  bushes,  piling 
and  burning  them  with  the  slash,  pruning  the  small  trees  to  a  few 
feet  above  the  ground,  or  plowing  a  fire  trail  on  each  edge  of  the 
strip. 

The  character  of  the  stand,  the  topography,  and  the  local  fire 
hazard  will  determine  how  thoroughly  these  lanes  should  be  cleaned 
up  to  make  them  serve  their  purpose.  Swamper  burning  might 
well  be  employed  on  these  isolation  strips  to  make  them  immediately 
effective  as  fire  lines.  The  strips  would  be  so  located  as  to  break 
up  the  area  into  blocks  of  75  to  150  acres  and  would  comprise 
perhaps  15  to  20  per  cent  of  the  tract.  The  proportion  of  the  area 
in  strips  might  be  less  or  considerably  more,  according  to  the  hazard. 
On  the  territory  off  the  strips  the  slash  would  be  left  wholly  undis- 
posed, exactly  as  the  logger  left  it. 

Grazing  of  areas  of  partially  disposed  slash  is  considered  to  be 
particularly  desirable  as  a  fire-control  measure,  because  stock  tends 
to  lessen  the  accumulation  from  annual  plants  and  shrubs  and  to 
break  up  the  slash  and  so  hasten  disintegration. 

The  fire-retarding  effectiveness  of  the  strips  differs  considerably, 
depending  on  whether  the  debris  is  piled  and  burned  or  is  broad- 
cast burned.  If  100  per  cent  of  the  strip  is  overrun  by  fire  the  chances 
are  less  that  an  accidental  fire  could  in  the  next  few  years  creep 
through  the  surface  litter  across  the  strip  than  if  only  5  or  10  per 
cent  of  the  surface  of  the  strip  is  burned,  as  in  piling  and  burning. 
On  the  other  hand,  broadcast  burning  of  the  strips  does  not  make  as 
thorough  a  job  of  cleaning  up  the  slash  as  piling  does.  Also  broad- 
cast burning  must  be  done  when  the  woods  are  drier  than  they  need 
to  be  for  burning  piled  slash,  and  it  therefore  involves  more  risk. 
Perhaps  the  most  important  consideration  is  that  the  broadcast  fire 
kills  saplings,  seedlings,  and  undergrowth  without  consuming  them, 
and  leaves  this  material  as  possible  fuel  for  later  fires.  Piling  and 
burning  need  result  in  little  lowering  of  forest  productivity  on  the 
strips,  whereas  broadcast  burning  practically  devastates  the  strips 
and  temporarily  takes  an  area  out  of  production.  Piling  the  slash 
on  these  strips  is  of  course  considerably  more  expensiA^e  than  burning 
it  as  it  lies. 

^2  An  outstanding  experiment  with  tliis  metiiod  is  tliat  of  the  Fruit  Growers  Supply 
Co.  of  northern  California,  in  a  type  of  forested  country  comparable  .to  parts  of  the 
Oregon-Washington  region  under  discussion.  This  company  botli  on  national-forest  land 
and  on  its  own  lands  is  cleaning  up  very  thoi'oughly  lanes  100  feet  wide  which  break 
up  the  logged  area  into  compartments  no  larger  than  100  acres.  It  is  maintaining  a 
well-equipped,  intelligent,  and  alert  protective  organization  which  in  the  four  yeare  that 
this  system  has  been  in  efifect  here  has  made  ^^  excellent  r^cprd  Qt  Are  QQntrol  at 
reasonable  cost. 
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An  essential  feature  of  this  method  of  slash  disposal  is  the  in- 
tensive protection  of  the  area  for  10  or  15  years  after  cutting  or 
until  the  acute  fire  menace  from  the  fresh  debris  is  abated.  For 
each  type  of  country  the  degree  of  intensive  protection  required  will 
vary  and  it  will  also  be  influenced  by  the  proportion  of  the  area  that 
is  occupied  by  burned  strips.  The  width  of  the  strips  and  the  inten- 
sity of  protection  must  in  any  event  be  sufficient  to  confine  any  fires 
that  start  to  a  single  block  and  hold  most  of  them  to  a  much  smaller 
area. 

CX)ST  OF  PARTIAL  PILING   AND   BURNING    WITH    INTENSIVE   PROTEX>TION 

The  cost  of  this  method  amounts  to  the  expense  of  piling  and 
burning  20  per  cent  or  so  of  the  slash,  plus  the  cost  of  protecting 
the  area  according  to  the  standards  which  the  owner  elects  and  the 
conditions  require.  For  average  conditions  in  central  and  eastern 
Oregon  the  piling  and  burning  would  amount  to  about  $7  per  acre 
actually  piled  (if  the  cut  was  15,000  feet  per  acre),  or  $1.40  per 
acre  for  the  entire  area.  Assuming  that  protection  amounts  to  about 
$1.75  per  acre,  during  a  15-year  period,  the  total  cost  (without  dis- 
counting future  charges)  would  be  in  the  neighborhood  of  $3.15 
per  acre,  or  22  cents  for  each  thousand  feet  cut.  In  abnormally 
easy  or  abnormally  difficult  country  the  costs  might  easily  be  con- 
siderably less  or  more. 

A  plan  for  the  application  of  this  method  to  a  hypothetical  case 
is  given  in  some  detail  on  page  45. 

EFFECT    UPON    FOREST    GROWTH    AND    UPON    FIRE    HAZARD 

This  method  is  gaged  to  give  reasonable  security  against  acci- 
dental fires  without  destructive  burning  and  to  do  this  at  moderate 
cost.  On  perhaps  80  per  cent  of  the  area  the  forest  growth  benefits 
from  no  disposal  of  slash  and  no  burning,  and  on  the  remainder 
forest  conditions  are  exactly  as  under  the  piling  and  burning  method. 
This  method  does  not  remove  the  slash  hazard ;  it  aims  to  control  it. 
However,  it  leaves  blocks  of  slash  that  might  make  fires  that  would 
be  hard  to  fight,  should  there  happen  to  be  a  bad  combination  of 
conditions  or  should  the  intensity  of  subsequent  protective  measures 
not  be  commensurate  with  the  fireproofing  of  the  strip. 

This  system  has  not  been  in  operation  long  enough  on  any  tract 
to  permit  final  conclusions  as  to  its  effectiveness  in  controlling  acci- 
dental fires,  but  so  far  the  results  have  been  good.  The  real  proof 
of  its  success  can  be  had  only  after  a  term  of  years,  when  the  slash 
hazard  is  past  and  the  total  cost  of  protecting  the  area  and  the  fire 
loss  up  until  that  time  are  known.  However,  it  is  such  an  elastic 
method  that  it  is  simply  a  matter  of  widening  the  fireproofing  strip 
and  increasing  the  protection  within  the  limit  of  available  funds 
to  the  point  where  fire  losses  will  be  reduced  to  an  allowable 
minimum. 

SUMMARY  OF  ADVANTAGES  AND  DISADVANTAGES  OF  EACH 

METHOD 

The  preceding  description  of  the  various  slash-disposal  methods 
indicates  that  hazard  reduction  is  their  primary  objective  and  that 
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the  only  occasion  for  burning  is  to  accomplish  that  purpose.  Burn- 
ing is  not  beneficial  to  reproduction,  but  on  the  contrary  is  destruc- 
tive of  at  least  some  of  the  seedlings,  saplings,  and  small  poles. 
Burning  of  the  material  that  comprises  slash  (under  4  inches  in 
diameter)  does  not  help  in  the  control  of  insects  or  of  forest  diseases 
dangerous  to  living  trees.  It  does  not  improve  the  range.  It  robs 
the  soil  of  plant  food,  removes  the  ground  cover  that  promotes  water 
retention  and  lessens  erosion,  and  consequently  may  affect  adversely 
reforestation  and  forest  production.  If  the  burning  is  done  care- 
lessly and  gets  out  of  hand  it  may  be  exceedingly  destructive  to 
advance  reproduction  and  small  reserved  trees. 

Conversely,  this  study  has  developed  the  conclusion  that  satis- 
factory silvicultural  results  may  be  attained  in  Oregon  and  Wash- 
ington by  letting  the  slash  lie  undisposed,  or  by  burning  it  by 
methods  that  confine  the  fire  to  a  small  area.  However,  the  analysis 
of  the  fire  history  of  cut-over  lands  evidences  the  hazard  of  slashings 
and  points  to  the  necessity  in  this  region  either  of  complete  dis- 
posal or,  lacking  that,  a  special  highly  efficient  protective  organi- 
zation to  keep  fire  out  of  slashings  during  the  first  few  dangerous 
years. 

Current  logging  areas  are  found  to  be  particularly  subject  to  fires; 
there  they  are  from  9  to  59  times  as  frequent  as  on  old  cut-over 
lands.  This  shows  the  need  for  very  intensive  protection  to  prevent 
fires  during  logging,  regardless  of  the  method  of  slash  disposal  on 
the  older  areas. 

In  general,  slash  disposal  should  be  most  intensive  on  inaccessible 
areas,  in  country  where  the  topography  is  very  rough  and  broken, 
on  south  slopes,  wherever  the  slash  is  heavy,  where  there  is  a  dense 
cover  of  inflammable  weeds  or  bushes,  and  particularly  on  areas 
where  there  is  likelihood  of  fires  originating. 

The  significant  advantages  and  disadvantages  of  the  seven  methods 
of  treating  slash  already  described  may  be  concisely  stated  as  follows : 

BROADCAST    BURNING 

ADVANTAGES 

Low  cost,  usually  less  than  1  cent  per  thousand  board  feet. 
Reduces  slash  fire  hazard  materially  on  cut-over  lands. 
Ease  of  execution  on  large  scale. 

DISADVANTAGES 

Great  damage  to  advance  growth,  55  to  91  per  cent  of  reproduc- 
tion and  31  to  100  per  cent  of  reserve  trees  killed. 

Complete  destruction  of  humus  material  in  debris  and  maximum 
damage  to  soil. 

Kills  without  consuming  small  trees  and  undergrowth,  which  re- 
main a  fuel  for  future  fires. 

No  reduction  of  slash  hazard  on  current  logging  area. 

SPOT    BURNING 

ADVANTAGES 

Low  cost,  1  to  3  cents  per  thousand  board  feet. 
Removes  the  most  dangerous  accumulation  of  slash. 
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DISADVANTAGES 


Relatively  large  amount  of  damage  to  advance  growth. 
Complete  destruction  of  humus  material  in  debris  and  maximum 
damage  to  soil  on  about  one-third  of  total  area. 
No  reduction  of  slash  hazard  on  current  logging  area. 


PILING  AND   BURNING 

ADVANTAGES 


Of  all  the  methods  described,  except  swamper  burning,  which  can 
not  be  used  the  year  round  in  this  region,  it  most  quickly  and  effec- 
tively eliminates  the  fire  hazard  of  the  slash. 

Minor  damage  to  advance  growth,  ordinarily  not  over  10  per  cent 
of  advance  reproduction  and  rarely  over  2  per  cent  of  reserve  trees 
killed. 

DISADVANTAGES 

Should  not  be  employed  unless  standard  of  work  is  high  and  then 
cost  averages  45  to  55  cents  per  thousand  board  feet. 

Does  not  reduce  slash  fire  hazard  on  current  logging  area. 

Consumes  debris  which  might  otherwise  serve  to  enrich  the  soil 
and  protect  it  from  erosion. 

Danger  that  investment  in  careful  piling  may  be  nullified  by 
unsuccessful  destructive  burning. 

SWAMPER  BURNING 

ADVANTAGES 

During  the  portion  of  the  year  when  it  can  be  employed  eliminates 
slash  fire  hazard  on  current  logging  operation  as  fast  as  created. 
Very  little  damage  to  advance  growth,  or  reserve  trees. 
Facilitates  horse  logging. 

DISADVANTAGES 

High  cost,  55  to  60  cents  per  thousand  board  feet  on  an  average. 
Limited  to  short  period  of  year  because  of  cHnuitic  conditions. 
Consumes  debris  which  might  otherwise  enrich  the  soil  and  protect 
it  from  erosion. 

NO  BURNING  METHODS 

ADVANTAGES 

No  damage  to  reproduction  or  reserve  stand  through  fire. 
Maximum  benefit  to  soil;  no  destruction  of  humus  material. 

DISADVANTAGES 

No  reduction  of  fire  hazard  on  cut  overs. 

No  reduction  of  hazard  on  current  logging  area. 

If  lopping,  pulling,  or  piling  is  practiced,  cost  is  high. 
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STRIP  BURNING  WITH   INTENSIVE   PROTECTION 

ADVANTAGES 

Low  cost,  5  to  7.5  cents  per  thousand  board  feet  (with  moderately 
intense  protection). 

Breaks  slash  area  up  into  small  units  permitting  better  protection 
and  reducing  probability  of  large  fires. 

Presupposes  extra  fire  prevention  on  the  logging  operation  and 
adjoining  it  for  a  term  of  years. 

Bares  by  fire  but  a  small  percentage  of  the  surface  and  preserves 
much  of  the  debris  to  enrich  the  soil  and  protect  it  from  erosion. 

DISADVANTAGES 

Serious  damage  to  advance  growth  and  reserve  trees  on  the  burned 
strips,  removing  these  areas  from  production. 
Danger  of  strip  fires  spreading. 

No  reduction  of  slash  hazard  on  current  logging  area. 
Intensive  protection  through  a  term  of  years  imperative. 

PARTIAL  PILING  AND   BURNING  WITH   INTENSIVE  PROTECTION 

ADVANTAGES 

Moderate  cost,  estimated  at  22  cents  per  thousand  board  feet. 

Breaks  slash  area  up  into  small  units,  permitting  better  protection 
and  reducing  probability  of  large  fires. 

Makes  possible  fire  prevention  on  the  logging  operations  and  ad- 
joining it  for  a  term  of  years. 

Very  little  damage  to  advance  growth  on  burned  strips. 

Bares  by  fire  but  a  small  percentage  of  the  surface  and  preserves 
much  of  the  debris  to  enrich  the  soil  and  protect  it  from  erosion. 

DISADVANTAGES 

No  reduction  in  hazard  on  current  logging  area. 

Effectiveness  in  fire  prevention  dependent  upon  the  efficiency  of 
the  protective  system  throughout  a  term  of  years. 

The  advantages  and  disadvantages  do  not  everywhere  have  the 
same  weight.  To  one  owner  a  certain  consideration  may  be  of  very 
much  more  import  than  it  is  to  another.  And  in  some  localities 
certain  advantages  or  disadvantages  that  elsewhere  are  not  pertinent 
may  decide  the  choice  of  method.  It  is  therefore  quite  out  of  the 
question  to  lay  down  hard  and  fast  rules  and  say  that  here  this 
method  is  always  best,  or  that  a  certain  class  of  owner  should  always 
employ  that  method. 

RECOMMENDATIONS 

Flexibility  should  be  the  keynote  in  all  slash-disposal  plans; 
blanket  rules  should  be  avoided.  The  method  adopted  for  any 
particular  area  should  be  selected  because  it  fits  the  character  of 
the  timber,  the  topography,  and  the  fire  risk,  and  will  accomplish 
the  purpose  for  which  it  is  intended  at  a  minimum  cost  to  the  owner. 
The  slash-disposal  plan  should  be  so  flexible  that  the  method  may 
be  varied  or  a  combination  of  methods  used,  even  within  a  single 
operation,  to  fit  varying  types  of  timber  and  hazards. 
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In  deciding  upon  a  slash-disposal  plan  the  principal  objectives 
should  be  to  avoid  destruction  of  the  advance  young  forest  growth 
and  to  leave  the  area  safe  for  the  new  crop  to  develop,  as  Avell  as 
to  secure  a  maximum  protection  of  adjacent  stands  of  virgin  timber 
and  the  logging  operation  itself,  always  endeavoring  to  get  the 
greatest  benefit  in  proportion  to  each  dollar  invested.  As  Jacobson 
(6)  suggests,  to  make  any  slash-disposal  plan  work  and  tie  in  with 
the  fire  prevention  and  control  plan,  the  Avhole-hearted  interest  and 
responsibility  of  the  logging  superintendent  and  his  organization 
must  be  obtained.  Slash  disposal  and  fire  prevention  and  control 
must  be  planned  as  the  logging  progresses.  It  should  be  part  of 
the  operation  and  can  seldom  be  separated  without  higher  expense 
and  higher  risk. 

The  slash  disposal  which  necessitates  as  little  handling  and  as 
little  burning  of  slash  as  possible  and  yet  results  in  a  high  degree 
of  security  from  fire  during  and  after  logging  gives  the  greatest 
total  of  beneficial  effects  from  the  point  of  view  of  silviculture, 
fire  control,  and  cost.  Such  a  combination  of  advantages  is  perhaps 
more  nearly  attained  by  partial  piling  and  burning  with  intensive 
protection  than  by  any  other  method,  but  it  is  not  everyw4iere  prac- 
ticable, nor  is  it  acceptable  to  all  owners.  The  conditions  under 
which  each  method  is  appropriate  in  the  management  of  pinelands 
in  Oregon  and  Washington  are  briefly  enumerated  in  the  following 
paragraphs  as  concise  recommendations  for  the  practicing  forester 
or  timberland  manager,  it  being  recognized  that  in  a  diversified 
country  two  or  more  methods  may  be  employed  to  advantage  on  a 
single  operation. 

Broadcast  burning  is  not  to  be  recommended  for  either  public  or 
private  owner  under  any  conditions,  unless  the  land  is  to  be  devoted 
immediately  to  a  higher  use  than  forest  growing,  with  which  the 
trees  would  interfere.  This  method  is  wholly  incompatible  with 
continuous  forest  production.  Neither  has  the  negative  method  of 
no  burning,  implying  that  the  area  is  given  no  special  protection, 
any  place  in  Oregon  and  Washington.  The  fire  hazard  is  too  great 
to  leave  large  areas  without  burned  fire  lines  or  intensive  protection. 
Such  methods  as  can  be  recommended  involve  either  great  care  in 
the  major  destruction  of  the  slash,  or  intensive  patrol  of  areas  on 
which  partial  protection  by  slash  destruction  has  been  effected. 

SPOT  BURNING 

Spot  burning  in  skillful  hands  can  be  a  cheap  and  effective  way 
of  moderating  the  fire  hazard  without  complete  destruction  of  the 
young  growth.  It  is  not  recommended  for  public  lands  upon  which 
a  more  expensive  and  less  destructive  method  is  warranted,  but  it 
is  a  makeshift  practice  for  those  owners  who  are  not  seriously  in 
the  business  of  holding  their  lands  for  reforestation  and  are  unwill- 
ing to  make  any  considerable  expenditure  for  slash  disposal  or  sub- 
sequent fire  protection.  It  is  least  destructive  where  the  cutting  area 
is  isolated  or  small,  the  land  not  steep  nor  brushy,  and  the  amount  of 
slash  not  above  average.  It  can  never  be  practiced  without  some 
loss  in  full  forest  productivity,  and  falls  far  short  of  adequate  treat- 
ment of  loggecl-off  land. 
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PILING   AND    BURNING 

Piling  and  burning  has  commonly  been  employed  until  recently 
to  the  exclusion  of  all  other  methods  on  public  lands  in  the  region 
under  consideration,  because  it  was  thought  that  no  other  method 
would  give  the  security  against  fire  that  public  forests  should  have. 
Within  recent  years  the  rapid  extension  of  roads  into  the  logging 
woods,  following  the  universal  use  of  automobiles,  has  made  these 
cut-over  areas  much  more  rapidly  accessible  to  fire-control  forces 
than  in  the  days  of  saddle-horse  transportation.  Roads  have  also 
raade  it  possible  to  bring  rapidly  to  a  fire  such  heavy  and  recently 
developed  equipment  as  pumps,  tank  trucks,  caterpillars,  plows,  etc. 
Moreover,  the  public  is  hiore  careful  with  fire,  causative  agencies  are 
in  better  control,  and  fire-control  technic  is  more  highly  developed 
and  its  forces  better  organized  than  a  few  years  ago.  On  that 
account  there  seems  to  be  less  occasion  to-day  for  the  complete  piling 
and  burning  of  all  slash  on  public  or  private  lands. 

The  conditions  under  which  complete  piling  and  burning  of  the 
slash  is  recommended  within  the  pine  region  of  Oregon  and  Wash- 
ington are  three:  (1)  Operations  where  the  acreage  of  cut-over  land 
or  permanence  of  the  operation  would  not  justify  intensive  protec- 
tion through  a  term  of  years  if  the  slash  were  not  all  burned  and 
when  protection  by  some  public  or  cooperative  agency  can  not  be 
effected;  (2)  areas  of  high  risk,  where  man-caused  or  lightning  fires 
are  very  likely  to  start;  (3)  areas  of  extra  heavy  slash,  or  of  steep 
topography,  or  of  heavy  imdergrowth  where  fire  lines  are  not  really 
effective  and  where  no  method  other  than  complete  disposal  will 
give  safety  to  the  new  forest.  Piling  and  burning  (or  swamper 
burning)  should  be  the  universal  rule  on  all  areas  to  be  used  for 
recreation  and  along  all  highways  and  permanent  railroads  and 
trails,  primarily  as  a  fire-preventive  measure,  and  incidentally  for 
aesthetic  reasons. 

The  management  of  private  logged-off  lands  is  on  so  different 
a  financial  basis  from  that  of  public  lands  that,  whereas  piling  and 
burning  may  be  financially  sound  for  a  tract  of  public  land,  it 
may  not  be  so  for  a  private  enterprise,  and  yet  in  both  cases  it  may 
be  technically  desirable.  The  owner  must  decide  how  much  he 
cares  to  pay  for  the  immunity  of  his  land  from  fire — ^some  OAvners 
are  willing  to  take  bigger  chances  with  fire  than  others. 

SWAMPER  BURNING 

Swamper  burning  is  highly  recommended  for  any  type  of  land 
where  the  owner  can  justify  its  expense,  but  its  use  is  limited  to 
the  seasons  of  the  year  when  burning  is  safe.  Perhaps  its  greatest 
application  is  in  conjunction  with  other  methods,  such  as  partial 
piling  and  burning  with  intensive  protection,  where  the  strips  might 
be  swamper-burned  as  logging  proceeds  at  certain  times  of  the  year. 

STRIP  BURNING  WITH  INTENSIVE  PROTECTION 

This  method  is  recommended  for  private  rather  than  public 
lands,  chiefly  because  it  removes  a  certain  portion  of  the  land  from 
production  and  does  not  give  the  safety  from  fire  that  public  prop- 
erty should  enjoy  and  can  afford.     It  is  recommended  to  the  private 
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owner  of  large  tracts  as  a  means  of  obtaining  permanent  forest  pro- 
ductivity at  a  moderate  cost  and  in  these  respects  it  is  superior  to 
broadcast  burning  or  spot  burning.  In  a  country  where  relatively 
narrow  isolation  strips  w411  be  effective,  especially  in  plateau  to- 
pography, it  is  particularly  satisfactory.  It  is  not  to  be  recom- 
mended where  the  fire  risk  is  especially  bad,  the  slash  unusually 
heavy,  the  topography  steep,  or  the  undergrowth  very  dense  and 
'inflammable. 

The  proportion  of  the  area  in  strips  and  the  intensity  of  the  jjro- 
tection  are  matters  of  nice  judgment  if  the  maximum  degree  of 
security  is  to  be  obtained  for  each  dollar  expended.  For  an  operator 
w^ho  is  looking  forward  to  permanent  forest  production  and  is  willing 
to  employ  intensive  protection  to  fireproof  the  strips  more  carefully, 
even  at  somewhat  greater  expense,  piling  and  burning  (or  swamper 
burning)  the  slash  on  the  strips  may  prove  to  be  better  business.  By 
that  method  he  will  attain  more  effective  fire-retarding  lanes,  less 
loss  of  production  on  the  strips,  and  greater  security  to  his  forest 
investment. 

PARTIAL  PILING  AND   BURNING  WITH  INTENSIVE   PROTECTION 

Partial  piling  and  burning  gives  for  this  region  a  favorable  com- 
bination of  good  silviculture,  acceptable  security  against  accidental 
fires,  and  reasonable  cost.  It  is  appropriate  wherever  the  area  of  cut- 
over  land  is  large  enough  to  justify  an  intensive  protective  organiza- 
tion through  a  term  of  years,  or  where  small  tracts  or  those  upon 
which  the  operation  is  concluded  can  be  protected  through  a  term  of 
years  in  cooperation  with  adjoining  lands  by  arrangement  with  a 
forest-fire  association,  the  State  forester,  or  the  Forest  Service.  It  is 
not  to  be  recommended  where  the  fire  risk  is  especially  bad,  where  the 
slash  is  extra  heavy,  the  topography  very  rough  and  broken,  or  the 
undergrowtli  very  dense  and  inflammable.  ^loreover  this  procedure 
should  always  be  applied  in  a  very  elastic  fashion.  The  isolation 
strips  may  be  wide  or  narrow,  close  together  or  far  apart,  to  suit  the 
liazard  and  the  topography ;  they  may  cover  as  little  as  10  per  cent  of 
the  area  and  as  much  as  50  per  cent.  They  may  be  cleaned  up  very 
thoroughly  of  bushes,  rotten  logs,  and  low-hanging  limbs,  or  may 
have  only  the  logging  slash  itseli  burned.  They  may  or  may  not  be 
edged  with  plowed  furrows.  The  intensive  protection  may  be  of  any 
degree  of  intensity,  varying  in  different  parts  of  the  area,  and  may 
continue  for  10,  15,  or  20  years,  according  to  the  need. 

A  SLASH-DISPOSAL  PLAN  FOR  A  SPECIFIC  AREA 

This  study  indicates  that  under  certain  conditions  the  method 
of  partial  slash  disposal  on  strips  followed  by  intensive  protection 
has  a  place  in  the  management  of  some  of  the  pinelands  of  Oregon 
and  Washington.  To  illustrate  further  how  this  method  might  be 
applied,  how  the  strips  would  be  located,  what  fire-prevention  pro- 
visions are  desirable,  and  what  the  costs  would  be,  a  hypothetical 
scheme  for  a  specific  area  is  presented.  The  tract  selected  for  illus- 
tration is  on  the  low  rolling  hills  of  the  Blue  Mountains  of  Oregon, 
and  the  stand  is  practically  pure  western  yellow  pine,  continuous 
except  for  occasional  meadows.  Let  us  suppose  that  there  is  already 
60129°— 31 4 
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a  solid  township  of  cut-over  lands  and  that  they  are  being  added 
to  at  the  rate  of  3,000  acres  per  year,  implying  a  cut  of  45,000,000 
board  feet,  or  an  average  cut  per  acre  of  15,000  board  feet. 

As  logging  proceeds,  the  slash  is  piled  and  burned  for  a  distance 
of  75  to  150  feet  on  each  side  of  all  railroad  spurs,  highways,  or 
secondary  roads.  Still  further  to  break  up  the  area,  the  debris  on 
additional  strips  100  to  300  feet  wide  along  ridges  and  creeks  is  piled 
and  burned.  Natural  meadows  also  serve  to  break  up  the  continuity 
of  the  slash  areas.  During  wet  or  snowy  weather,  when  it  can  be 
done  safely,  the  slash  is  swamper  burned  on  these  strips  in  lieu  of 
piling  it  after  logging.  Swamper  burning  is  estimated  to  cost  55 
cents  per  thousand  feet  of  logs  cut,  and  piling  and  burning  45 
cents,  or  $8.25  and  $6.75  per  acre,  respectively.  Since  the  isolation 
strips  are  on  an  average  about  230  feet  wide,  it  would  cost  on  an 
average  $230  or  $188  to  burn  a  mile  of  strip,  depending  upon 
whether  the  slash  was  swamper  burned  or  piled  and  burned. 

The  accompanying  topographic  map  (fig.  9)  of  an  actual  block  of 
^  ix  sections  in  the  region  from  which  this  hypothetical  case  is  drawn 
shows  a  proposed  layout  of  isolation  strips.  The  strips  follow  no 
diagrammatic  scheme  and  are  not  of  regular  spacing  or  width,  but 
vary  to  fit  the  risks  and  the  character  of  the  slashing.  By  taking 
advantage  of  a  number  of  natural  meadows  the  mileage  of  fire  lanes 
that  must  be  prepared  is  considerably  lessened.  The  average  size  of 
the  blocks  of  cut-over  land  (exclusive  of  the  lanes)  is  107  acres.  In 
these  six  sections  of  about  3,840  acres  there  are  21%  miles  of  strips, 
and  as  their  average  width  is  230  feet,  the  aggregate  area  of  burned 
slash,  including  a  rather  large  area  about  camp,  is  645  acres,  or  16.8 
per  cent  of  the  total  area  protected.  Assuming  that  a  quarter  of  the 
strips  were  winter  logged  and  swamper  burned  and  the  rest  piled 
and  burned,  their  cost  would  amount  to  $1.20  per  acre  for  the  total 
area  protected,  or  8  cents  per  thousand  feet  of  logs  cut. 

The  other  phase  of  this  method  is  the  intensive  protection  that 
must  be  given  for  a  number  of  years  on  account  of  leaving  83.2  per 
cent  of  the  slash  undisposed.  The  essentials  of  protection  suitable 
for  an  area  of  this  kind  are  enumerated  below — as  suggestions,  not 
as  a  complete  fire  plan.  Several  of  them  are  briefed  from  the  exist- 
ing Forest  Service  Code  for  timber-sale  area  protection.  Provisions 
already  in  the  State  law  are  enumerated  for  the  sake  of  completeness 
even  though  compliance  with  the  State  requirements  may  be  assumed 
regardless  of  the  method  of  slash  treatment  emploj^ed. 

Smohing. — Either  the  prohibition  of  or  confining  of  smoking  to 
designated  areas  should  be  enforced  through  the  fire  season.  Such 
signs  as  "  No  Smoking  on  this  Road,"  together  with  strict  enforce- 
ment of  smoking  regulations,  will  give  results. 

Blasting^  lunch  fires^  honfires^  etc. — No  unnecessary  fires  and  no 
blasting  should  be  allowed  in  the  woods  during  the  fire  season. 

Oil~hurning  equifment. — ^AVherever  practicable  oil-burning  equip- 
ment should  be  used  in  preference  to  wood  burners.  This  applies 
to  locomotives,  skidders,  donkeys,  and  loaders. 

Spark  arresters. — All  oil,  wood,  or  coal  burning  equipment  using 
artificial  draft  should  be  provided  with  spark  arresters  which  are  in 
perfect  repair  and  in  use  throughout  the  fire  season. 
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Figure  9. — Arrangement  of  fire  lanes  on  a  tract  in  eastern  Oregon  where  the  partial 
piling  and  burning  method  of  slash  disposal  is  proposed.  These  lanes  are  of 
variable  width,  and  upon  them  all  the  slash  is  to  be  piled  and  burned.  Elsewhere 
it  is  to  be  left  as  it  falls  but  very  intensely  protected  from  fire  for  a  term  of 
years.  "The  lanes  are  constructed  along  railroads,  highways,  creeks,  and  ridges, 
and  connecting  the  natural  meadows  to  break  up  the  unburued  slash  into  blocks 
averaging,  in  this  case,  107  acres  in  size 
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Designated  areas  for  sanding. — Specific  areas  should  be  designated 
where  locomotive  flues  may  be  sanded. 

Construction  of  roads. — That  the  slash  area  may  be  accessible  by 
automobile  to  patrolmen  and  fire-fighting  forces,  the  principal  aban- 
doned railroad  grades  should  be  converted  into  roads  to  the  extent 
of  a  mile  of  road  to  each  section  or  two,  when  there  are  not  already 
favorable  automobile  roads. 

Camp  firewarden. — A  camp  firewarden,  responsible  for  all  fire  con- 
trol, should  be  employed  during  a  long  season  to  devote  his  entire 
time  to  this  work.  It  should  be  his  duty  to  organize  the  camps  for 
fire  control,  enforce  all  regulations  to  prevent  fire,  inspect  all  tool 
caches  and  fire  equipment  regularly,  instruct  all  employees  as  to  their 
duties  in  case  of  fire,  and  get  suppression  forces  on  every  fire  quickly. 

Lookouts. — To  provide  for  detection,  lookouts  should  be  stationed 
where  visibility  is  good  (one  lookout  to  approximately  10,000  acres  for 
the  first  5  years  after  cutting) .  The  following  10  years  the  number 
of  lookouts  can  be  reduced  somewhat  every  few  years  in  proportion 
to  diminution  of  the  slash  fire  hazard.  Lookouts  should  be  on  duty 
from  daylight  until  dark  during  the  fire  season,  which  ordinarily 
will  be  from  June  1  to  September  30. 

Patrolman. — A  man  with  a  speeder  should  constantly  patrol  the 
railroad  lines ;  it  should  be  his  duty  to  put  out  any  fires  that  he  may 
discover,  or  if  the  fire  is  too  large,  to  get  in  communication  with  the 
camp  firewarden  immediately.  Patrol  about  the  active  logging  or 
along  the  highways  may  also  be  desirable. 

Watchmen. — A  watchman  should  be  assigned  to  each  steam  skidder 
or  loader  at  noon  and  at  night. 

Firemen. — It  is  assumed  that  the  company  will  be  operating  dur- 
ing the  fire  season  and  that  there  will  therefore  always  be  on  hand 
men  to  fight  any  fire  that  may  start,  and  that  no  special  provision  for 
firemen-patrolmen  is  necessary  other  than  the  lookouts,  patrolmen, 
watchmen,  and  camp  firewarden. 

C omm/wnication. — An  efficient  telephone  system  should  be  main- 
tained to  connect  lookout  points  and  the  patrolmen's  stations  with 
the  camp  firewarden's  headquarters  and  all  logging  camps.  Fire 
business  should  have  the  right  of  way  over  all  other  business. 

Maps. — A  map  of  the  entire  timbered  acreage  should  be  posted  at 
the  camp  firewarden's  headquarters.  The  map  should  show  the 
annual  cutting  boundaries,  the  dates  of  cutting,  and  the  location  of 
isolation  strips,  meadows,  other  firebreaks,  water,  etc.  This  will  be 
invaluable  in  sizing  up  the  fire  hazard  at  a  glance.  Also  it  should 
show  the  location  of  all  tool  caches  and  other  fire-control  facilities. 

Equipment. — The  following  fire-fighting  equipment  should  be 
available  for  use: 

At  each  camp,  in  a  conspicuous  place,  a  sealed  tool  box  containing 
shovels,  axes,  rakes,  crosscut  saws,  back-pack  hand  force  pumps, 
water  bags,  or  other  tools  suitable  for  the  region,  in  sufficient  quan- 
tity to  equip  the  crew. 

With  each  loader,  skidder,  and  locomotive,  a  sealed  tool  box  con- 
taining 6  shovels,  3  axes,  2  rakes,  1  crosscut  saw,  6  pails,  1  back- 
pack hand  force  pump,  or  other  equivalent  tools  appropriate  for  the 
region.    Also  a  power  pump  and  not  less  than  200  feet  of  hose. 
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With  each  caterpillar  tractor  a  chemical  fire  extinguisher  and  a 
shovel. 

For  each  2,500  acres  of  old  cut-over  lands  a  sealed  tool  box,  con- 
taining 3  shovels,  3  axes,  2  rakes,  2  pails,  1  crosscut  saw,  located  in 
a  convenient,  accessible  place. 

One  tank  car  with  water  pump  and  hose  (for  track  or  road)  to 
every  few  thousand  acres  of  current  logging  area. 

An  autotruck  equipped  for  fire  fighting  should  be  available  at  the 
headquarters  camp. 

At  each  camp  a  plow  or  V  drag  of  a  type  suitable  for  fire-line 
construction  in  the  region,  with  the  understanding  that  logging 
caterpillars  or  horses  will  be  available  as  tractive  power  in  case  of 
fire. 

Since  current  logging  areas  and  older  cut-over  land  must  have 
a  certain  amount  of  protection,  irrespective  of  the  method  of  slash 
disposal,  it  is  not  fair  to  charge  all  this  protective  effort  to  slash 
treatment.  Such  items  as  spark  arresters  on  logging  engines  and 
locomotives,  fire-fighting  tools,  tank  cars  and  hose,  clearing  around 
camps,  watchmen,  etc.,  are  incident  to  any  large  well-managed  op- 
eration and  should  not  be  considered  as  a  part  of  the  cost  of  pro- 
tecting slash  areas  that  if  burned  completely  would  not  require  this 
extra  protection. 

The  following  tabulation  gives  the  estimated  cost  of  applying  par- 
tial piling  and  burning  with  intensive  protection  to  a  hypothetical 
tract  in  Oregon  of  the  size  and  yield  above  indicated.  The  first 
group  of  five  items  are  considered  part  of  the  general  fire  protection 
plan  and  therefore  not  chargeable  to  slash  treatment. 

Cost  per  M 

feet  b,  m. 

Items  of  protection  and  slash  disposal  of  logs  cut 

No  smoking  permitted  on  any  part  of  operation 

Prohibition  of  blasting,  lunch  fires,  etc  ;  oil-burning  equipment;  spark 

arresters ;   designation   of  areas   for   sanding ;    watchman 

Construction  of  roads  on  old  railroad  grades,  1  mile  to  each  thousand 

acres  at  $225  per  mile  for  construction  and  $125  for  maintenance 

during  15  years $0.0233 

Camp  firewarden   (one-half  charged  to  this  extra  protection) .016 

Lookout  for  15  years,  one  to  every  10,000  acres  at  first,  and  for  four 

months  each  year '. .040 

Patrolman .040 

Communication .  005 

Equipment,  map,  etc.,  in  excess  of  usual  protection .  020 

Cost  of  intensive  protection .  144 

Cost  of  partial  slash  piling  and  burning  (16.7  per  cent  of  area) .  08 

Total  cost  of.  this  method  of  slash  treatment .  224 

This  plan  is  for  a  certain  set  of  conditions  that  prevail  in  one 
locality  and  should  not  be  considered  appropriate  for  other  regions 
without  modification.  Elsewhere  the  isolation  strips  may  need  to  be 
more  frequent,  more  or  less  roads  may  be  needed,  or  extra  protection 
be  required  for  a  longer  or  shorter  period,  or  some  other  type  of 
fire  control  than  those  mentioned  may  be  indicated.  Where  this 
method  of  partial  piling  and  burning  pine  slash  followed  by  inten- 
sive protection  is  appropriate  (and  that  is  by  no  means  everywhere 
in  Oregon  and  Washington)  it  is  thought  that  it  can  be  carried  out 
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successfully  for  22  cents  per  thousand  feet  of  logs  cut,  as  above 
itemized. 

Such  a  plan  as  that  outlined  has  a  maximum  of  advantages  and 
a  minimum  of  disadvantages  for  those  owners  who  seriously  wish 
to  keep  their  forest  lands  fully  productive  of  forest  crops.  There 
are  operators  of  western  yellow  pine  timber  w^ho  w^ill  not  be  willing 
to  make  so  large  an  investment  in  slash  disposal  but  w^ho  neverthe- 
less want  to  do  more  than  the  bare  minimum  to  save  the  land  from 
nonproductivity.  For  such  owners  the  details  of  this  method  may 
be  modified  to  suit  their  pocketbooks,  in  the  realization,  however, 
that  any  letting  up  on  the  provisions  of  this  system  means  a  sacri- 
fice in  security  from  fire  or  in  forest  productivity,  or  botli. 


FiuuRE  10. — A  small  slash  pile,  6  feet  in  diameter  and  2.5  feet  in  height,  poorly  piled. 
A  small  loose  pile  of  this  sort  must  be  burned  in  relatively  dry  weather  because 
the  entire  mass  of  slash  becomes  wot  with  a  small  amount  of  rain 

APPENDIX 

TECHNIC  OF  SLASH  PILING 

Satisfactory  results  from  piling  and  burning  slash  can  l>e  liad  only  if  close 
attention  is  given  to  proper  technic  of  botti  operations.  Tlie  careless  or  unin- 
telligent execution  of  either  the  piling  or  the  burning  can  readily  render  the 
method  ineffective,  creating  an  expense  without  securing  the  advantages  which 
this  type  of  disposal  should  give.  There  are  certain  important  considerations 
in  piling;  they  are,  type  of  pile,  size  of  pile,  location  of  pile,  time  of  piling, 
labor,  and  tools  used. 

TYPE  OF  PILK 

Compactness  is  a  prime  requisite  of  a  good  pile,  for  that  quality  is  necessary 
to  keep  the  inside  dry  when  the  outside  is  wet  and  to  insure  ready  and  complete 
combustion.  Loose  piles  fail  to  shed  rain  or  snow  and  absorb  it  instead. 
(Fig.  10.)  To  obtain  a  compact  pile  the  smaller  limbs  from  the  upper  part  of 
the  crown  should  form  its  base,  creating  a  mass  that  is  readily  ignited.     Upon 
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this  are  then  laid  tlie  larger  limbs,  each  being  so  placed  that  it  will  lie  closely 
and  keep  the  pile  conical.  The  top  foot  or  so  of  the  pile  should  be  finished  off 
with  material  like  that  which  went  into  the  base,  as  a  thatch.  (Fig.  11.)  The 
last  step  is  to  place  a  few  of  the  larger  limbs  about  the  pile  to  bind  the  entire 
mass  together  and  give  assurance  of  compactness.  To  get  a  pile  of  this  com- 
position and  compactness  implies  a  pile  of  large  dimensions,  perhaps  8  to  10 
feet  in  diameter  and  5  or  6  feet  in  height. 

SIZE   Ol     PILE 

This  study  has  indicated  convincingly  that  the  size  of  pile  is  an  important 
factoi-  in  successful  disposal.    The  piles  must  not  be  so  large,  and  therefore  so 


FiGUGE   11. — Good   piling  pays.     Such   piles  as  ths'se  can   be  fired  effectively   after 
there  has  been  enough  rain,  to  make  burning  operations  relatively  safe 


infrequent,  that  the  slash  has  to  be  carried  too  far,  nor  must  they  be  so  small 
that  much  chopping  up  of  the  branches  is  necessary.  The  same  volume  of  slash 
in  large  piles  will  occupy  less  of  the  forest  floor  than  it  would  in  small  piles ; 
for  example,  the  slash  from  a  stand  of  20,000  board  feet  per  acre  would  make 
approximately  13  piles  9  feet  in  diameter  and  6  feet  high,  or  42  piles  6  feet  in 
diameter  and  4  feet  high.  The  former  type  of  pile  would  cover  half  as  much 
ground  space  as  the  latter.  This  in  itself  is  an  advantage  in  favor  of  large 
l)iles  where  it  is  an  object  to  keep  to  a  minimum  the  surface  that  is  scorched. 

Not  only  does  the  large  pile  occupy  less  ground  space,  but  it  seems  to  be 
possible  to  burn  it  with  no  greater  damage  if  it  is  properly  placed.  An  analysis 
of  the  amount  of  damage  resulting  outside  of  the  bounds  of  the  pile  indicates 
that  piles  51/2  to  6  feet  across  and  21/2  to  3  feet  high  burned  1.2  per  cent  of 
the  total  area  of  forest  floor  outside  the  bounds  of  the  pile,  and  that  piles  7  to  8 
feet  across  and  4  to  4^4  feet  high,  under  comparable  conditions,  burned  1.0  per 
cent  of  the  total  area  outside  the  pile. 

Since  it  is  difficult,  where  the  advance  reproduction  and  reserved  trees  are 
abundant,  to  place  the  piles  so  that  the  flames  will  not  sweep  about  and  do 
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damage,  the  question  arises  whether  the  reach  of  flames  from  large  and  tall 
piles  will  not  be  more  destructive  than  from  small  piles.  Observation  of  burning 
piles  indicates  that  height  of  pile  alone  does  not  augment  the  radius  of  destruc- 
tion, but  that  the  diameter  and  total  mass  of  burning  material  control  the  reach 
of  the  flames.  Unquestionably  the  large  piles  must  be  placed  with  more  care 
for  near-by  reserved  trees,  but,  on  the  other  hand,  with  many  small  piles  there 
are  many  more  chances  for  possible  scorching  injury. 

It  is  a  moot  point  among  slash  pliers  whether  the  large  pile  or  the  small  is 
more  expensive  to  malie.  For  a  large  pile  the  slash  has  to  be  carried  further, 
but  this  is  partly  offset  by  having  fewer  units  to  build  and  less  chopping  up  of 
branches.  The  crown  of  an  average  tree  in  a  stand  of  14,000  feet  per  acre  with 
a  volume  of  875  board  feet  would  produce  about  200  cubic  feet  of  slash  and 
make  one  pile  9  feet  by  5  feet,  or  four  piles  6  feet  by  3  feet.  This  would  theoret- 
ically necessitate  carrying  slash  a  maximum  distance  of  about  20  feet  for  the 
big  pile  or  10  feet  for  the  smaller.  However,  usually  the  slash  of  one  tree  over- 
laps that  of  others,  so  that  the  difference  in  carrying  distance  to  large  or  small 
piles  is  not  as  real  as  this  theoretical  calculation  would  indicate.  A.  C.  Mclntyre 
found  in  Arizona  that  in  stands  running  from  6,000  to  10,000  board  feet  per  acre 
the  small  pile  is  more  expensive  to  build  than  the  large  one. 

The  cost  of  burning  also  seems  to  be  less  with  large  piles  than  with  small, 
there  being  fewer  to  ignite,  even  though  there  is  the  same  area  to  walk  over. 
Experience  has  shown  that  a  large  pile  which  is  also  compact  can  stand  con- 
siderable rain  or  snow  without  getting  wet  inside.  Particularly  large  piles  have 
been  burned  when  covered  with  as  much  as  a  foot  of  snow.  Tliis  is  a  distinct 
advantage,  in  that  it  makes  for  a  longer  and  safer  burning  season.  The  heat 
from  small  piles  is  not  sufiicient  to  evaporate  the  water  from  the  melting  snow, 
and  the  fire  goes  out,  leaving  a  skeleton  pile  which  can  not  be  burned  with  ease 
at  any  time. 

LOCATION  OF  PILE 

To  burn  piled  slash  with  the  minimum  of  damage  to  the  forest  involves  care- 
ful location  of  the  piles.  Three  points  particularly  require  observance;  piles 
should  be  located  (1)  away  from  down  logs,  snags,  or  stumps,  (2)  at  a  safe 
distance  from  reproduction  and  reserved  trees,  and  (3)  in  roads  or  skid  trails 
where  practicable.  Observance  of  the  first  two  rules  is  merely  a  matter  of 
proper  instructions  to  the  pilers  and  systematic  supervision.  The  placing  of 
piles  in  roads  or  skid  trails  depends  upon  whether  the  piling  is  done  before  or 
after  logging. 

Placing  piles  at  a  safe  distance  from  reproduction  and  living  trees  is  not 
always  strictly  possible.  Where  the  stand  is  dense  and  uniform,  slash  would 
have  to  be  carried  a  long  distance  to  find  safe  bare  areas.  Where  possible, 
however,  piles  should  be  kept  15  feet  away  from  trees  and  10  feet  from  repro- 
duction. It  is  perhaps  obvious  that  more  damage  will  be  done  to  forest  pro- 
duction by  the  killing  of  one  or  two  seedlings  on  a  spot  where  they  are  scarce 
than  by  the  killing  of  a  clump  on  a  spot  of  the  same  size  where  thev  are  abun- 
dant. Slash  pilers  in  their  zeal  to  prevent  injury  to  the  more  conspicuous  seed- 
lings in  clumps  often  will  cover  up  or  build  near  a  single  seedling  far  removed 
from  any  other  reproduction.  It  is  more  important  to  consider  how  much  re- 
production will  be  left  than  how  much  will  be  killed. 

Where  there  is  no  alternative  but  to  place  a  pile  in  the  midst  of  reproduction, 
the  best  technic  is  to  leave  that  patch  of  slash  unpiled,  or  if  this  takes  too 
much  supervision  and  the  pilers  make  a  pile  there  anyway,  let  it  go  unburned. 
There  is  no  advantage  in  going  to  the  expense  of  piling  slash  that  is  not  to 
be  burned,  and  there  is  no  objection  to  leaving  occasional  patches  of  slash 
unpiled,  but  there  are  practical  difficulties  in  getting  the  pilers  to  be  discrimi- 
nating in  doing  selective  piling,  i.  e.,  leaving  a  top  once  in  a  while  that  is  in 
a  bad  place  to  pile  or  burn.  One  solution  of  this  difficulty,  which,  however,  has 
not  been  tried  in  this  region,  is  the  "  stake  method."  By  this  method  the  fore- 
man of  the  piling  crew  sets  stakes  where  piles  are  to  be  constructed.  This 
eliminates  the  possibility  of  indiscriminate  piling  by  the  individual,  and  it  is 
said  that  the  added  cost  of  supervision  is  offset  by  the  decrease  in  the  cost  of 
piling. 

TIME  OF  PILING 

For  eflSclent  handling  of  slash,  piling  soon  after  felling  is  most  desirable ;  it 
should  keep  pace  witli  other  parts  of  the  operation.     But  this  is  impossible  where 
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there  is  snow  on  the  ground,  and  winter-cut  slash  must  therefore  await  piling 
until  spring.  If  the  slash  is  allowed  to  dry  out,  as  it  will  when  not  snow- 
covered,  the  smaller  twigs  become  brittle  and  easily  broken  off,  the  larger  limbs 
become  tough  and  difficult  to  chop,  and  a  clean  job  of  disposal  is  more  expensive 
than  with  green  slash. 

A  few  operators  pile  before  logging,  but  most  of  them  not  until  after.  With 
horse  logging  and  to  a  smaller  degree  with  caterpillar  logging,  there  is  some 
advantage  in  piling  before  the  logs  are  taken  out ;  it  makes  it  easier  to  do  the 
bunching  and  skidding.  However,  the  logging  inevitably  tears  down  some  piles 
and  makes  extra  work.  Also  some  limbs  can  not  be  reached  until  the  logs  are 
rolled  away.  With  donkey  logging  it  is  quite  out  of  the  question  to  pile  until 
after  the  skidding  is  concluded. 

One  distinct  advantage  of  piling  after  logging  is  that  it  is  then  possible  to 
place  many  of  the  piles  in  roads  and  skid  trails;  these  areas  are  already  di- 
vested of  reproduction  and  by  using  them  for  the  slash  piles  the  area  denuded 
by  the  burning  piles  is  reduced  by  just  that  much,  a  real  silvicultural  advantage. 
Some  analysis  of  pile  location  indicates  that  slash-piling  damage  can  be  reduced 
a  to  35  per  cent  by  the  placement  of  piles  in  logging  roads.  On  10  plots  that 
were  mapped  intensively  after  the  areas  had  been  logged  and  the  slash  subse- 
quently piled,  it  was  found  that  20.4  per  cent  of  the  piles  were  adjacent  to  log- 
ging roads  or  skid  trails,  i.  e.,  the  center  of  the  pile  was  within  10  feet  of  the 
edge  of  the  road,  yet  only  1.1  per  cent  of  the  piles  were  in  these  roads  or  trails. 
It  appears  that  with  very  little  extra  effort,  except  for  strict  supervision  of  the 
pilers,  a  considerable  proportion  of  the  piles,  perhaps  15  or  20  per  cent,  could  be 
placed  in  roads  or  trails  already  bare,  instead  of  on  the  near-by  undamaged 
forest  floor. 

It  has  sometimes  been  considered  that  prompt  piling  following  logging  was 
wise  as  a  precaution  against  accidental  fires.  Although,  as  has  been  said, 
prompt  piling  aids  in  handling,  evidence  indicates  that  the  fire  hazard  in  areas 
of  piled  and  unburned  slash  is  quite  as  great  as  in  those  of  wholly  unpiled  slash. 

LABOR  AND  TOOLS 

Unfortunately  slash  piling  has  been  looked  upon  by  operator  and  lumberjack 
alike  as  low-grade  work ;  this  has  resulted  in  low  wages  and  poor  laborers. 
Under  these  circumstances  where  the  work  is  done  on  a  day-labor  basis  it  is 
liable  to  be  of  indifferent  quality  and  expensive  in  the  long  run.  It  has  been 
found  in  California  (9),  in  New  Hampshire  (7),  and  in  Arizona  by  A.  C. 
Mclntyre  that  slash-disposal  costs  are  materially  increased  by  the  employment 
of  low-grade  labor.  In  the  Northwest  most  of  the  piling  is  done  by  contractors, 
two  or  more  men  combining  on  a  unit  of  area.  They  are  usually  rapid  workers 
who,  when  they  have  been  taught  and  held  to  a  certain  standard  of  work,  do 
good  piling  and  make  good  wages.  It  is  important  for  any  operator  doing 
slash  piling  to  use  good  labor,  either  on  a  wage  or  contract  basis,  and  to  main- 
tain as  continuous  and  stable  an  organization  of  pilers  as  possible. 

The  amount  of  slash  that  a  piler  should  handle  per  day  is  usually  measured 
by  the  merchantable  board  footage  of  the  trees  from  which  it  comes.  This  is 
variable,  because  the  quantity  of  slash  per  thousand  feet  of  logs  decreases  as 
the  volume  of  the  stand  increases,  and  because  there  is  a  variable  quantity 
of  broken-down  saplings  and  undergrowth  that  enters  into  the  slash  mass. 
The  efficiency  of  pilers  is  affected  very  nmch  by  the  topography  and  the  difficulty 
of  finding  spots  for  the  piles  away  from  living  trees. 

From  observation  and  from  conversation  with  pilers,  the  volume  of  slash 
that  can  be  piled  per  man  per  day  by  fairly  efficient  labor  on  ground  ranging 
from  level  to  a  20  i^er  cent  slope  is  as  follows :  For  stands  under  8,000  feet  per 
acre,  the  slash  from  6,000  to  10,000  feet  of  logs  per  day ;  for  stands  of  8,000  to 
12,000  feet  per  acre,  the  slash  from  10,000  to  12,000  feet  per  day;  for  stands 
of  12,000  to  15,000  feet  per  acre,  the  slash  from  12,000  to  16,000  feet  per  day ; 
for  stands  of  15,000  to  20,000  feet  per  acre,  the  slash  from  16,000  to  20,000 
feet  per  day.  By  referring  to  Table  1  it  can  be  seen  that  in  each  case  the 
cubic-foot  volume  of  slash  handled  is  about  the  same.  This  is  equivalent  to 
approximately  1  acre  of  slashing  per  man  per  day. 

The  most  efficient  organization  for  piling  is  a  crew  of  6  to  10  men  working 
in  pairs  under  the  supervision  of  a  foreman.  After  the  men  become  familiar 
with  the  work  the  foreman  can  work  along  with  the  men.  Where  two  men 
work  together  one  will  do  most  of  the  ax  work  and  the  other  will  do  the  piling. 
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The  essential  tools  are  a  sharp  swamping  ax  for  each  man  and  a  pitchfork  for 
each  crew.  The  latter  is  invaluable  in  cleaning  up  the  smaller  twigs  and  the 
debris,  which  it  is  tedious  to  pick  up  by  hand. 

TECHNIC    OF    BURNING    SLASH    PILES 

If  all  details  of  correct  piling  have  been  observed  the  difficulties  of  burning 
are  reduced  to  the  minimum.  But  because  piling  is  never  100  per  cent  perfect 
and  weathei-  conditions  can  not  be  controlled,  burning  is  at  best  a  hazardous 
job.  The  important  phases  of  the  technic  of  burning  are  the  time  of  ignition, 
execution  of  ignition,  organization  of  crew,  tools,  and  follow-up  after  burning. 

TIME    OF    BURNING 

Spi-ing  and  fall  are  the  seasons  for  burning  piled  slash  in  this  region;  the 
fall  is  generally  considered  to  be  the  safer  period,  and  more  burning  is  done 
then.  Spring  burning  has  the  advantage  of  removing  the  debris  before  the  dry 
summer,  but  involves  a  hazard  from  hold-over  fires.  Burning  in  the  spring 
sometimes  fails  because  the  ground  becomes  dry  before  the  inside  of  the  piles 
is  dry  and  stays  so.  In  the  fall,  burning  should  not  be  begun  at  the  first  light 
rain,  but  delayed  until  the  soil  is  well  wetted.  Under  ideal  burning  conditions 
the  ground  and  reproduction  are  covered  with  3  or  4  inches  of  snow,  yet  the 
piles  are  not  wet;  this  is  a  rare  combination  of  conditions,  for  soaking  rains 
usually  come  in  the  pine  belt  before  the  snows.  Advantage  must  be  taken  of 
all  favorable  weather,  spring  or  fall,  when  the  slash  can  be  burned  with  reason- 
able assurance  of  safety. 

Weather  conditions  at  the  time  of  burning  largely  control  the  damage  to  the 
forest.  Loose  and  small  piles  will  burn  only  when  the  weather  is  compara- 
tively dry,  and  therefore  the  firing  of  such  piles  often  results  in  excessive 
damage. 

Table  11  records  for  16  different  plots  the  damage  to  the  forest  in  relation 
to  the  season  and  weather  conditions. 

Table  11. — The  relation  of  season  of  burning  to  damage  to  the  forest  hy  piling 
and  hiirmng  on  the  basis  of  spread  of  fire  outside  of  bounds  of  pile 


Plot  No. 

Area  burned 
outside  pile 

Month 

Weather  conditions 

57                 

Per  cent 

4.9 

23.1 

13.3 

8.2 

10.2 

13.4 

2.5 

2.3 

.7 

1.6 

L5 

1.0 

.6 

L4 

.1 

.9 

September 

do 

"""'do                      - 

58 

Light  rains,  drying 

50 

After  light  rains,  drying. 

60                            

Light  rains,  drving. 

99 

After  light  rains,  drying. 

97 

Do. 

15 

Moderate  rains 

20 

October      .  . ...  .  ._. 

Light  rains,  drving. 

81                           

"""do::"!""""""::"" 

September .  _  . 

After  heavy  rain. 

83 

Do 

54 

8 

November 

Snow. 

61 

'.'."'.do                            "'" 

67                   

1  inch  of  snow. 

53 

March 

Snow  banked  against  piles. 

46 

do 

Do. 

The  danger  of  early  fall  burning  is  conclusively  demonstrated  by  Table  11. 
In  every  instance  the  excessive  spread  of  fire  was  associated  with  burning 
after  light  September  rains.  Burning  in  October  and  November,  after  the 
soil  had  become  saturated  by  a  series  of  rains,  gave  good  results.  The  same 
was  true  of  burning  on  snow,  both  in  the  spring  and  in  the  fall.  The  con- 
clusion is  unmistakable  that  early  fall  burning  should  be  avoided  and  that 
late  fall  or  early  spring  burning  is  to  be  encouraged. 

Slash  will  burn  up  more  completely  when  it  is  dry  than  when  wet ;  this  is 
particularly  true  of  the  larger  limbs.  When  surrounding  conditions  are  rather 
moist,  and  therefore  safe,  a  fringe  of  unburned  branch  stubs  and  twigs  is  left 
around  the  rim  of  the  pile,  but  this  material  does  not  constitute  5  per  cent 
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of  the  total  volume  of  slash  and  is  no  argument  against  burning  at  such  a  time. 
Whenever  well-built  piles  will  bum  there  will  be  a  sufficient  clean-up  to  elim- 
inate most  of  the  slash  hazard,  even  without  "  chunking  up." 

It  is  important  for  the  foreman  of  the  burning  crew  to  keep  informeil  of 
burning  conditions,  hour  by  hour  throughout  the  day.  After  frosty  nights  it 
may  be  too  damp  to  burn*  even  on  a  south  slope  until  mid  morning.  Some- 
times burning  may  be  dangerous  on  a  south  slope  yet  simultaneously  safe 
on  an  adjoining  north  exposure.  To  utilize  fully  all  the  good  burning  weather, 
night  burning  is  recommended  to  supplement  the  daylight  work.  Not  only  does 
this  double  the  length  of  the  burning  period,  but  it  offers  the  ideal  time  for 
good  control,  when  the  wind  is  less  apt  to  blow  and  the  atmosphere  humidity 
is  higher. 

EXECUTION    OF    IGNITIOX 

When  the  weather  conditions  are  ideal,  slash  burning  is  simple  and  the 
chief  thing  is  to  get  the  piles  ignited  in  the  easiest  possible  way.  Usually 
some  finesse  is  necessary  in  employing  the  torch.  When  there  is  a  wind  and 
the  piles  tend  to  burn  too  fiercely,  light  them  on  the  leeward  side  or  on  top.  Or 
if  too  much  draft  is  created  when  a  group  of  adjacent  piles  are  burned  or 
the  fire  tends  to  run,  ignite  every  second  or  every  third  pile  and  return  later 
to  burn  tlie  intervening  ones.  The  increased  cost  of  this  method  of  firing  is 
often  justified  in  the  better  results  that  are  olDtained. 

Burning  on  slopes  is  quite  different  from  burning  on  level  ground.  To 
overcome  the  uphill  draft  start  to  ignite  piles  on  the  top  of  the  slope  and 
work  down  the  hill ;  this  also  keeps  the  men  to  windward  of  the  smoke. 

The  torch  men  should  be  instructed  that  it  is  not  obligatory  to  burn  every 
single  pile  and  that  they  should  skip  those  that  are  dangerously  close  to 
reproduction  or  reserved  tre<»s.  There  should  be  some  selectivity  in  burning, 
just  as  there  should  be  in  piling. 

ORGANIZATION  OP  GREW 

Experience  has  shown  that  a  crew  of  four  to  eight  men  under  the  super- 
vision of  a  foreman  is  the  most  effective  organization.  It  is  important  to  get 
the  men  to  take  interest  in  applying  the  torch  intelligently  and  to  have  the 
maximum  number  of  experienced  hands.  Each  crew  should  be  assigned  to 
a  specific  tract  and  work  back  and  forth,  each  man  taking  a  strip  50  to  75 
feet  wide,  and  keeping  more  or  less  abreast  of  his  fellows. 

On  level  ground,  with  large  piles,  a  man  will  ordinarily  burn  the  slash 
from  125,000  to  175,000  board  feet  a  day;  on  sloi^s  of  15  to  35  per  cent 
a  man's  capacity  will  be  reduced  to  100,000  or  125,000  feet. 

TOOLS 

Torches  are  indispensable  to  burning  oh  a  large  scale.  Makeshift  methods, 
such  as  the  use  of  matches,  sprays  of  dry  needles,  or  pitch  wood,  are  un- 
satisfactory even  on  small  areas  and  are  expensive  in  the  long  run.  There 
are  several  types  of  torches  in  use.  Blow  torches  are  desirable  only  where 
the  slash  ignites  with  difficulty  and  are  not  recommended  for  ordinary  use 
because  of  their  weight,  difficulty  of  keeping  in  operation,  and  large  con- 
sumption  of   kerosene. 

Three  types  of  torches  are  shown  in  Figure  12.  Type  A  is  used  quite  ex- 
tensively on  national-forest  timber-sale  operations  in  Oregon  and  Washington. 
It  consists  ot  a  2^2  or  3  inch  pipe,  16  inches  long,  provided  with  a  cap  on  one 
end  and  a  pipe  one-half  to  five-eighths  inch  in  diameter,  which  holds  the  wick, 
on  tlie  other  end.  The  large  pipe  is  the  oil  chamber  and  has  a  capacity  of 
about  1  quart.  Several  strands  of  cotton  wicking  are  made  to  fit  snugly  in 
the  smaller  pipe.  One  filling  of  kerosene  in  the  torch  will  last  from  four  to 
six  hours.     The  chief  objection  to  this  type  is  its  weight  of  10  or  12  pounds. 

A  very  satisfactory  type  of  torch  (called  type  B),  developed  by  the  Forest 
Service  in  Arizona,  consists  of-  a  1-inch  pipe  4  feet  long,  drawn  down  on  one 
end  to  one-half  inch  to  hold  the  wick,  and  provided  with  a  cap  on  the  other 
end.  The  capacity  of  the  oil  chamber  is  about  a  quart.  The  chief  advantage 
of  this  torch  over  the  other  is  that  its  weight  is  but  4  or  5  pounds. 
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Another  type  (called  type  C)  that  has  found  favor  in  California  is  an 
adaptation  of  a  shop  torch,  provided  with  a  pipe  nozzle  and  wick,  and  ferrules 
into  which  a  stick  can  be  inserted  for  a  handle. 

FOLLOW-UP    AFTER   BURNING 

In  some  cases  it  has  been  the  practice  to  have  a  man  follow  the  burners 
to  "  chunk  up  "  the  debris  after  the  piles  are  partially  burned.     Compact  piles 
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FiGUKE  12. — Three   types   of  slash-burning  torches   used   extensively   in   Washington 
and  Oregon  (type  A),  Arizona  (type  B),  and  California   (type  C) 


usually  produce  enough  heat  to  make  a  clean  burn.  Occasionally  a  ring  of 
debris  consisting  of  the  larger  branches  will  'remain  unburned,  but  this  is 
really  of  no  consequence.  It  is  very  questionable  whether  the  expense  of 
chunking  up  under  any   conditions  is  justified. 

Some  follow-up  of  burning  is  a  necessary  precaution  against  the  spread 
of  fire,  because  dry  weather  close  after  burning  will  often  cause  smoldering 
logs  to  burst  into  flame.     Instances  are  not  uncommon  where  apparently  harm- 
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less  fires  have  developed  into  real  forest  fires  which  did  damage  until  stopped. 
To  prevent  such  accidents  it  is  always  a  good  procedure  to  have  a  man  go 
over  the  area  systematically  and  either  put  out  the  hang-over  fires  in  the  logs 
or  dig  a  trench  around  them  to  prevent  their  spread,  unless  heavy  and  con- 
tinued rains  or  snows  immediately  follow  the  firing  of  the  slash  piles. 

LITERATURE  CITED 

(1)  CAI.IF0RNIA  State  Board  of  Forestry. 

1923.    REPORT    TO    THE    LEGISLATURE    ON     SENATE    CONOTIRRENT    BESOLUTION 

NO.  2  7.     165  p.,  illus.     Sacramento. 

(2)  Chapman,  H.  H. 

1919.  the  development  of  a  brush-disposal  policy  for  the  yellow- 

PINE  FORESTS  OF  THE  SOUTHWEST.     JouF.  Forestry  17:  693-702. 

(3)  Hawley,  R.  C. 

1929.  the  practice  of  silviculture,  with  partict'lar  referetstce  to  its 

APPLICATION  IN  THE  UNITED  STATES  OF  AMERICA.       Ed.  2,  rewritten 

and  reset,  335  p.,  illus.    New  York  and  London. 

(4)  Holmes,  J.  S. 

1907.    SUGGESTIONS    FOR    THE    DISPOSAL    OF    DRT^SH    IN    THE    NATIONAL    FOR- 
ESTS.    U.  S.  Dept.  Agr.,  Forest  Serv^     [Pub.]     15  p. 

(5)  Hubert,  E.  E. 

1920.  the  disposal  of  infeisted  slash  on  timber-sale  areas  in  the 
NORTHWEST.     Jour.   Forestry  18:  34-56. 

(6)  [JACOBSON,  N.  G.] 

1929.   FIVE    years    JOINT    study    of    handling    pine    SLASH     HAZARD.      In 

Report  of  Forest  Management  Conference.    West  Coast  Lumber- 
man 56  (5)  :  115-116. 

(7)  Kimball,  K.  E. 

1921.  THE  PERSONAL  EQUATION  IN  BRUSH  DisposAi^     Jour.  Forestry  19: 

515-518. 

(8)  Long,  W.  H. 

1915.  a  new  aspect  of  brush  disposal  in  arizona  and  new  mexico. 
Soc.  Amer.  Foresters  Proc.  19 :  383-398. 

(9)  Mitchell,  J.  A. 

1913.    METHODS    AND  COST  OF   BRUSH    PILING   AND  BRUSH  BURNING   IN   CALI- 
FORNIA.    Soc.  Amer.  Foresters  Proc.  8:  3-10^353. 

(10)  MUNGER,   T.   T. 

1917.   WESTERN   YEIXOW  PINE  IN   OREGON.      U.    S.    Dept.   Agr.   Bul.   418,   48 
p..  illus. 

(11)  Pearson,  G.  A. 

1919.    COMMENTS     ON     BRUSH     DISPOSAL    IN     THE    SOLTH WESTERN    DISTRICT. 

Jour.  Forestry  17:  700-702. 

(12)  

1923.    NATUR:.\L    REPRODUCTION    OF    WESTERN    YEI.I/)W    PINE    IN    THE    SOUTH- 
WEST.    U.  S.  Dept.  Agr.  Bul.  1105,  144  p.,  illus. 

(13)  Show,  S.  B. 

1921.  PHYSICAL  CONTROLS  OF  FIRES.    Jour.  Forestry  19:  917-924. 

(14)  

1926.  TIMBEK    GROWING    AND    LOGGING    PRACTICE    IN    THE    CALIFORNIA    PINS 

REGION.     U.  S.  Dept.  Agr.  Bul.  1402,  76  p.,  illus. 

(15)  United  States  Department  of  Agricultttre,  Bureau  of  Entomology. 

1927.  THE  relation  of  insects  to  slash  disposal,  U.  S.  Dept.  Circ.  411, 

12  p. 

(16)  Weir,  J.  R. 

1923.    THE  effect  of  broadcast  BURNING  ON   SALE  AREAS  ON   THE  GEOWT'H 

OF  CULL-PRODUCING  FUNGL     JouT.  Forestry  21 :  183-184. 

(17)  Westa'Eld,  R.  H. 

1926.  NEW  method  of  pine  brush  DISPOSAL.    Timbermau  27  (4)  :  114r- 
115,  illus. 

(18)  WOOLSEY,  T.   S.,  .Tr. 

1921.    THE    DEVELOPMENT    OF    A    BRUSH-DISPOSAL    POLICY    FOR    THE    YELLOW 

PINE  FORESTS  OF  THE  SOUTHWEST.     JouT.  Forestry  19:  39-42. 

(19)  ZON,  R. 

1928.  TIMBER     GROWING     AND     LOGGING     PRACTICE     IN     THE     LAKE     STATES. 

MEI\SURES    NECESSARY    TO    KEaOP    FOREST    LAND    PRODUCTIVE    AND    TO 

PRODUCE  FULL  TIMBER  CROPS.     U.   S.  Dcpt.  Agr.  Bul.  1496,  64  p. 
illus. 


ORGANIZATION  OF  THE  UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary Arthur  M.  Hyde. 

Aft.nstant  Secretary R.  W.  Dunlap. 

Director  of  i^oictitifto  Work A.  F.  Woods. 

Director  of  Regulatory  Work W.  G.  Campbell. 

Director  of  Extension  Work C.  W.  Warburton. 

Director  of  Personnel  and  Business  Admmis-    W.  W.   Stockbergeb. 
tratiofb. 

Director  of  Information M.  S.  Eisenhower. 

Solioitm^ E.  L.  Marshall. 

Weather  Buream Charles  F.  Marvin,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Plant  Industry William  A.  Taylor,  Chief. 

Forest  Service R.  Y.  Stuart,  Chief. 

Bureau  of  Chemistry  and  Soils H.  G.  Knight,  Chief. 

Bureau  of  Entomology C.  L.  Marlatt,  Chief. 

Bureau  of  Biological  Survey Paul  G.  Redington,  Chief, 

Bureau  of  Puhlic  Roads Thomas  H.  MacDonald,  Chief. 

Bureau  of  Agricultural  Engineering S.  H.  McCrory,  Chief. 

Bureau  of  Agrieultwral  Econom^ics Nils  A.  Olsein,  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Plant  Quarantine  and  Control  Administration-  Lee  A.  Strong,  Chief. 

Grain  Futures  Administration J.  W.  T.  Duvel,  Chief. 

Food  and  Drug  Adtn^inistration WALTiai  G.  Campbeix,  Director  of 

Regulatory  Work,  in  Charge. 

Office  of  Experiment  Stations -. — ,  Chief. 

Office  of  Cooperative  Extension  Work C.  B.  Smith,  Chief. 

Lihrary Claribel  R.  Barnett,  Librarian. 


This  bulletin  is  a  contribution  from 

Forest  Service ^ R.  Y.  Stuart,  Forester. 

Branch  of  Research Eaele  H.  Clapp,  Assistant  Far- 
ester,  in  Charge. 

Division  of  Silvics ^ E.  N.  Munns,  in  Charge. 

58 


U.  S.  GOVERNMENT  PRINTING  OFFICE:  1931 


;j)[^(j]yTfm^ii.iii»iiiiMii|iTiMiMiiiiiiTTtTiMiM>Tiiiriiiinniiitinihfei'muiiiiiiiitiiiiiiiiiiiiiiiiiiiitMi riinimmiTTIPr^r 


Technical  Bulletin  No.  260 


December,  1931 


RESULTS  OF 

SEED-TREATMENT  EXPERIMENTS 

WITH  YELLOW  DENT  CORN 


BY 


JAMES  R.  HOLBERT 

Senior  Agronomist 

Division  of  Cereal  Crops  and  Diseases 

Bureau  of  Plant  Industry 


AND 


BENJAMIN  KOEHLER 

Associate  Chief  in  Field-Crop  Pathology 
Illinois  Agricultural  Experiment  Station 


United  States  Department  of  Agriculture,  Washington,  D.  C. 

In  Cooperation  With  the  Illinois  Agricultural 

Experiment  Station 


For  sale  by  the  Superintendeot  of  Documents,  Washington,  D.  C« 


Price  20  ceaU 


Technical  Bulletin  No.  260 


December,  1931 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON.  D.  C. 


RESULTS  OF  SEED-TREATMENT  EXPERI- 
MENTS WITH  YELLOW  DENT  CORN^ 

« 

By  James  R.  Holbert,  Senior  Agronomist,  Division  of  Cereal  Crops  and  Diseases, 
Bureau  of  Plant  Industry,  and  Benjamin  Koehler,  Associate  Chief  in  Field- 
Crop  Pathology,  Illinois  Agricultural  Experiment  Station  ^ 


CONTENTS 


Page 

Introduction 1 

Seed-bome  diseases  and  related  maladies 3 

Diplodia 3 

Glbberella 6 

Basisporium 7 

Fusarium 11 

Cephalosporium  (black-bundle  disease)..  14 
Miscellaneous  seed-borne  and  soil-borne 

diseases 16 

Materials  and  methods 22 

Seed  disinfectants 22 

Applying  seed  disinfectants 23 

Varieties  of  corn  and  seed  selections 25 

Methods  of  obtaining  diseased-seed  com- 
posites   26 

Laboratory  and  greenhouse  methods 27 

Methods  used  in  field  experiments 29 


Page 
Materials  and  methods— Continued. 

Location  of  field  experiments 34 

Experimental  data  and  discussion 35 

Problems  encountered  in  selecting  satis- 
factory corn-seed  disinfectants 35 

Effects  of  seed  treatments 42 

Factors  influencing  amount  of  increase  in 

yield  from  seed  treatment 62 

Comparison   of  commercially   available 

dusts 56 

Effect  of  seed  treatment  on  rate  of  drop 

from  corn  planter 60 

Possible  place  of  seed  treatment  in  corn 

production  and  improvement 61 

Summary 62 

Literature  cited... 62 


INTRODUCTION 

In  connection  with  the  investigations  of  the  corn  root,  stalk,  and 
ear-rot  diseases  it  early  became  evident  that  the  germination  and 
general  health  of  corn  seedlings  in  a  germination  test,  particularly  in 
test  tubes  and  Petri  dishes,  could  be  improved  materially  by  a  treat- 
ment of  the  seed  with  a  suitable  disinfectant.  These  apparently  good 
ejffects  on  the  seedlings  under  laboratory  conditions,  however,  were 
seldom  reflected  in  increased  yields  in  experimental  field  plots,  prin- 
cipally because  the  injury  to  the  plants  from  uninfected  seed  ex- 
ceeded the  beneficial  effects  on  the  plants  from  infected  seed.  This 
was  true  with  mercuric  chloride  and  formaldehyde.  As  a  result  of 
these  disappointments  in  experimental  field  trials,  little  more  attention 
was  given  to  seed  treatment  as  a  means  of  disease  control  in  dent 
com  until  the  introduction  of  organic  mercury  compounds  for  use  as 
seed  disinfectants.    Organic  mercury  seed  disinfectants  were  used  ex- 

1  These  investigations  were  conducted  in  cooperation  with  the  Funk  Bros.  Seed  Co.,  Bloomington,  HI., 
and  the  Illinois  Agricultural  Experiment  Station. 

>  Grateful  acknowledgment  is  made  to  A.  G.  Johnson  for  help  in  preparing  the  manuscript;  to  Charles  S. 
Reddy,  who  was  associated  with  the  senior  writer  during  the  early  part  of  these  investigations;  to  Boyd 
C.  Frye  for  assistance  in  field  work  and  in  the  tabulation  and  calculation  of  data;  to  J.  W.  Hardin  for  assist- 
ance in  the  field  experiments;  and  to  W,  L.  Burlison,  of  the  University  of  nilnois,  for  helpful  suggestions. 
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perimentally  on  corn  in  Europe  several  years  before  they  were  used 
on  corn  in  the  United  States.  Charles  S.  Reddy,  then  associate  path- 
ologist in  the  Division  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant 
Industry,  United  States  Department  of  Agriculture,  in  cooperation 
with  the  writers  of  this  publication,  probably  was  the  first  to  conduct 
field  experiments  whose  object  was  to  determine  the  value  of  organic 
mercury  compounds  as  corn-seed  disinfectants. 

In  1924  Reddy  and  Holbert  {HY  reported  favorable  results  from  the 
use  of  chlorophol,  an  orthochlorophenol  mercury  compound,  as  a  corn- 
seed  disinfectant  on  Diplodia-infected  seed.  Holbert,  Reddy,  and 
Koehler  (4,  V-  ^^)  i^^  1926,  summarizing  studies  extending  over  a  period 
of  five  years  in  Illinois,  stated: 

Deftt  corn  grown  from  seed  infected  with  Diplodia  zeae  and  Gihber^la  sauhinetii 
is  greatly  improved  in  both  yield  and  quality  by  seed  treatment,  while  corn  from 
Fusarium  moniliforme  infected  and  scutellum-rotted  seed  has  not  been  improved. 
Only  under  certain  soil  conditions,  not  fully  understood,  have  seed  treatments 
increased  the  yield  of  corn  grown  from  seed  infected  with  Cephalosporium  acre- 
monium.  Treated,  infected  seed  has  not  yielded  as  well  as  untreated,  nearly  dis- 
ease-free seed. 

Reddy,  Holbert,  and  Erwin  {16),  working  with  sweet  corn  in  Illinois 
and  Iowa  from  1922  to  1925,  found  that  seed  treatments  with  organic 
mercury  compounds  usually  benefited  both  the  stand  and  yield  of 
sweet  corn  from  seed  infected  with  either  Diplodia  or  Gibberella. 
Yields  from  nearly  disease-free  seed  were  affected  but  little  by  these 
same  treatments.  Reddy  and  Holbert  {15),  infurther  experiments  with 
seed  treatments  for  sweet-corn  diseases,  found  that  dust  treatments 
were  more  consistent  in  their  beneficial  effects  than  were  liquid 
treatments. 

Kiesselbach  {6)  has  found  that  the  yields  of  corn  from  nearly  disease- 
free  seed,  from  diseased  seed,  and  from  farmer-selected  seed  are  neither 
increased  nor  decreased  significantly  by  seed  treatments  with  a  num- 
ber of  mercuric  compounds  under  conditions  existing  in  Nebraska. 

Melhus,  Reddy,  Raleigh,  and  Burnett  {11),  working  in  Iowa  and 
summarizing  data  from  experiments  extending  over  a  5-year  period 
(1923-1927),  reported  substantial  increases  in  yield  from  the  use  of 
corn-seed  treatments  on  diseased  seed  and  also  on  various  lots  of  seed 
taken  from  farmers'  planter  boxes. 

Holbert,  Reddy,  and  Koehler  {5)  in  1928  reported  some  of  the  more 
practical  results  from  seed- treatment  studies  conducted  in  Illinois  and 
Iowa. 

Reddy  {12)  found  that  the  acre  yield  of  good  seed  in  the  Iowa  State 
field  contest  was  increased  about  2  bushels  by  certain  furfural-mercury- 
dust  disinfectants. 

It  is  the  purpose  of  this  bulletin  (1)  to  present  the  results  from  experi- 
ments with  several  organic  mercury  compounds  and  other  fungicides 
for  the  control  of  certain  diseases  of  dent  corn,  (2)  to  discuss  a  number 
of  principles  involved  in  the  selection  of  suitable  corn-seed  disinfectants 
and  the  use  of  these  disinfectants  in  the  upper  Mississippi  Valley,  and 
(3)  to  state,  in  the  light  of  the  data  available,  the  possible  place  of 
corn-seed  disinfectants  in  corn  production  and  in  corn  improvement. 

For  a  better  interpretation  of  the  data  presented  in  this  bulletin, 
there  is  included  a  brief  discussion  of  some  of  the  more  important 
diseases  of  the  corn  plant  traceable  primarily  to  a  diseased  condition 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  62. 


SEED-TREATMENT  EXPERIMENTS  WITH  YELLOW  DENT  CORN        6 

of  the  seed  and  also  some  of  the  results  from  the  more  recently  con- 
ducted experiments  to  determine  the  influence  of  different  environ- 
mental factors  in  the  development  of  the  diseases  under  consideration. 
Such  knowledge  is  helpful  in  appreciating  both  the  limitations  and  the 
benefits  of  corn-seed  treatments  and  in  understanding  the  variations 
in  the  effects  that  follow  the  use  of  corn-seed  disinfectants. 


SEED-BORNE  DISEASES  AND  RELATED  MALADIES 

DIPLODIA 

Diplodia  zeae  (Schw.)  Lev.  is  generally  recognized  as  one  of  the 
most  important  organisms  causing  corn  ear  rot,  especially  in  the  more 
humid  portions  of  the  Corn  Belt.  This  fungus  also  causes  a  rotting  of 
the  stalk  and  shank  tis- 


It 
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'^ 
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sues.  Many  apparently 
good  seed  ears,  as  w^ell  as 
the  conspicuously  rotted 
ears,  may  be  infected 
with  this  fungus. 

Seed  infection  with 
Diplodia  in  well-selected 
seed  can  be  detected  by 
the  use  of  the  germina- 
tion test  and  sometimes 
by  the  outside  appear- 
ance of  the  kernels.  The 
appearance  of  the  Di- 
plodia-infected  seedlings 
on  the  germinator  is  il- 
lustrated in  Plate  1. 

As  the  infected  kernel 
germinates,  the  fungus 
grows  out  and  attacks 
the  coleorhiza  and  the 
mesocotyl.  From  these 
it  spreads  to  the  seminal 
and  adventitious  roots, 
causing  a  brown  cortical 
rot,  which  seldom  advances  beyond  the  crown.  Many  infected  seed- 
lings are  killed  before  emergence  from  the  soil,  and  others  succumb  to 
Diplodia  seedling  blight  after  emergence.  The  vigor  of  plants  from 
Diplodia-infected  kernels  may  be  seriously  weakened  before  the 
crown-root  systems  are  established.  Surviving  plants  from  infected 
seed  may  or  may  not  produce  a  normal  yield  of  grain. 

The  extent  of  the  injuries  caused  by  seed-borne  Diplodia  infection 
depends  largely  on  soil  temperature,  soil  moisture,  and  the  productiv- 
ity of  the  soil.  Under  low  temperature  conditions  the  growth  of  the 
corn  is  relatively  slow  in  comparison  with  that  of  the  fungus,  and  a 
sniall  percentage  of  the  seedlings  emerge.  (Table  1.)  Under  warmer 
soil-temperature  conditions  a  larger  percentage  of  seedlings  may 
emerge,  but  the  proportion  of  plants  blighting  after  emergence  may 
be  greater  under  the  higher  soil  temperatures.  (Table  1.)  The 
growth  of  plants  from  Diplodia-infected  seed  is  influenced  greatly  by 
soil  moisture.     (Table  2  and  fig.  1.)     As  compared  with  the  growth 


^Ji  ^^o    ^t^     sS-o  e^ 

Figure  1. — influence  of  soil  temperature  and  soil  moisture  on  the 
growth  of  corn  plants  from  seed  infected  with  Diplodia  zeae. 
(Data,  in  part,  in  Table  2) 
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of  plants  from  nearly  disease-free  seed,  plants  from  Diplodia-infected 
seed  niade  less  growth  at  temperatures  of  16°,  22°,  and  28°  C.  with 
the  soil  moisture  at  50  to  65  per  cent  of  its  water-holding  capacity 
than  they  did  with  either  a  lower  or  a  higher  soil  moisture. 

Table  1. — Germination  and  development  of  seedling  blight  in  three  varieties  of  yellow 
dent  corn  grown  from  Diplodia-infected  seed  untreated  and  treated  with  Uspulun  * 
(l^-hours  soak  in  0.25  per  cent  solution  at  80°  C),  as  influenced  by  five  differ* 
ent  temperatures,   University  of  Illinois,  1925  2 


Temperature 

Qennination  of— 

Difference  in  per- 
centage germination 

Blighted  plants 
from  seed 

Untreated 
seed 

Treated 
seed 

Increase 

Decrease 

Untreated 

Treated 

10 - 

°  C. 

Per  cent 
36.0 
44.0 
60.8 
79.2 
80.8 

Per  cent 
73.3 
89.0 
80.5 
77.6 
87.6 

37.3 
45.0 
29.7 

Per  cent 
1.4 
26.1 
30.7 
62.1 
62.1 

Per  cent 
0 

15 

2  8 

20 - 

11  1 

25 

1.6 

2 

30 

6.8 

0 

1  A  compound  manufactured  in  Germany,  the  active  principle  of  which  is  hydroxymercurichloro- 
phenol. 

'  Data  from  experiments  conducted  in  the  controlled-temperature  chambers  devised  by  Charles  F. 
Hottes,  plant  physiologist,  department  of  botany.  University  of  Illinois. 

Table  2. — Influence  of  soil  temperature  and  soil  moisture  on  relative  dry  weights  of 
tops  of  three  varieties  of  yellow  dent  corn  plants  grown  from  Diplodia-infected  seed 
as  compared  in  percentage  with  those  of  tops  of  corresponding  plants  grown  from 
good  seed  of  the  same  varieties  taken  as  100  per  cent,  University  of  Illinois,  1925  ^ 


Moisture  content  and  temperature  of 
soil 

Dry  weight 
of  tops 

Moisture  content  and  temperature  of 
soil 

Dry  weight 
of  tops 

45  per  cent  moisture: 

16°  C 

Per  cent 
56.6 
69.8 
75.8 

50  per  cent  moisture: 
16°  C. 

Per  i-ent 
31.9 

22°  C... 

22°  C 

42.9 

28°  C. 

28°C  -.             ... 

48.7 

Mean.. 

Mean 

67.4 

41.2 

>  Data  from  experiments  conducted  in  the  controlled-temperature  tanks  in  the  agronomy  greenhouses. 

Although  later  plantings  of  Diplodia-infected  seed  have  resulted  in 
better  stands  and  higher  yields,  later  plantings  of  good  seed  have 
consistently  yielded  at  a  lower  rate  than  have  the  earlier  plantings. 
(Table  3.) 

Table  3. — Field  stands  and  acre  yields  of  several  strains  of  yellow  dent  corn  from 
good  seed  and  from  Diplodia-infected  seed  planted  on  three  dates;  averages  of  22 
experiments  ^  conducted  in  five  different  years  in  central  Illinois,  1921-1925 


Time  of  planting 


First  week  in  May. 

Middle  of  May 

Last  week  in  May. 


Field  stand  from 
untreated- 


Good 
seed 


Per  cent 
90.0 
94.0 
94.1 


Diplodia- 
infected 


Per  cent 
34.3 
50.4 
70.6 


Acre  yield  from 
untreated- 


Good 
seed 


Bushels 

80.7 
78.3 
70.6 


Diplodia- 
infected 
seed 


Bushels 
33.0 
43.7 
50.7 


i  Each  of  these  experiments  was  conducted  on  imiform  soil. 
8  to  12  times. 


The  rows  were  175  feet  long  and  replicated 
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Diplodia  ear  rot  and  Diplodia  stalk  rot  both  are  caused  by  wind- 
borne  spores.  The  fungus  may  gain  entrance  into  the  ear  through 
the  silk,  through  a  break  or  injury  of  the  shank,  or  by  being  carried 
down  in  between  the  corn  husks  by  moisture  and  there  entering  the 
shank  directly.  The  ear  is  susceptible  to  attack  from  the  silking 
period  to  maturity  and  thereafter  until  it  has  dried  down  to  approxi- 
mately 22  per  cent  moisture.  Early  ear  infection  results  in  badly 
rotted  ears,  while  very  late  infections  often  can  not  be  detected  by 
external  appearance.  Warm,  moist  weather  is  most  favorable  for 
ear  infection  by  Diplodia. 

The  Diplodia  disease  of  corn  has  been  reported  from  widely  scat- 
tered sections  in  this  country  and  from  several  foreign  countries.  In 
the  United  States  the  greatest  damage  from  this  disease  probably 
occurs  in  the  more  humid  sections  of  the  upper  Mississippi  Valley 
Corn  Belt,  extending  from  the  central  part  of  Ohio  on  the  east  to 
western  Iowa  on  the  west. 

The  losses  from  Diplodia  ear  rot  and  the  extent  of  Diplodia  ear 
infection  vary  greatly  from  season  to  season,  depending  on  climatic 
conditions.  Diplodia  infections  usually  are  higher  where  corn  follows 
corn  than  where  corn  follows  some  other  crop. 

Varieties  and  strains  differ  greatly  in  resistance  and  susceptibility 
to  this  disease  (3).  Some  widely  grown  commercial  varieties  of 
recognized  merit  are  comparatively  susceptible  to  Diplodia  ear  rot 
Strains  have  been  developed,  however,  which  are  remarkably  free 
from  both  Diplodia  and  Gibberella  ear  rots  under  widely  different 
conditions  and  at  the  same  time  have  the  capacity  for  producing 
high  yields. 

The  absence  of  ears  badly  rotted  by  Diplodia  and  by  Gibberella 
is  no  assurance  of  freedom  from  slight  infections  in  seed  selected 
from  the  same  sources.  Seed  of  strains  of  corn  considered  highly 
resistant  to  Diplodia  and  Gibberella  ear  rots  may  contain  a  relatively 
high  percentage  of  seed  infection  with  these  two  fimgi.  Strain  A 
in  Table  4  was  practically  free  from  ears  visibly  rotted  by  Diplodia 
in  the  field.  Seed  of  strain  A  selected  from  this  same  field,  however, 
carried  9.3  per  cent  Diplodia  seed  infection.  Again,  seed  of  strain 
B,  which  might  be  considered  almost  immune  from  Gibberella  ear 
rot,  carried  12.5  per  cent  Gibberella  seed  infection. 

Table  4. — Diplodia  and  Gibberella  ear  rots  and  seed  infection  in  yellow  dent  corn 
from  the  same  fields,  using  two  strains  of  yellow  dent  corn,  Bloomington,  III., 
1927  and  1928 


Strain  of  corn 

Ears  rotted  in  the 
field  by- 

Seed  selected  from 
the    same    field 
slightly    infected 
with- 

Diplodia 

Gibber- 
eUa 

Diplodia 

Gibber- 
ella 

A 

Per  cent 
0.6 
1.9 

Per  cent 
0 
0 

Per  cent 
9.3 

.1 

Per  cent 
0.1 
12.6 

B 

The  extent  of  seed  infection  in  commercial  seed  lots  and  farmers' 
seed  lots  varies  greatly  with  different  varieties,  in  different  sections, 
And  from  season  to  season.     While  some  lots  of  seed  may  be  practically 
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free  from  infection  with  this  fungus,  other  lots  may  contain  from  15 
to  30  per  cent  infection,  or  even  more. 

GIBBERELLA 

Gibberella  saubinetii  (Mont.)  Sacc,  in  addition  to  causing  head  and 
seedHng  bhght  of  wheat,  barley,  and  oats,  is,  like  Diplodia  zeae,  an 
important  corn  ear-rot  fungus.  And,  as  with  Diplodia,  many  appar- 
ently good  ears  may  carry  slight  infections  with  Gibberella  that  may 
be  detected  only  by  the  use  of  a  germination  test.     (PL  1.) 

On  the  germinator  the  infected  seedlings  present  a  drier  and  darker 
brown  rotting  of  the  mesocotyls  than  do  Diplodia-infected  seedlings. 
The  mycelial  growth  of  G.  saubinetii  on  the  seedlings  has  a  tinge  of 
color  shading  from  white  or  yellow  to  a  delicate  pink  or  deep  red, 
whereas  the  mycelial  growth  of  D.  zeae  is  always  white,  surrounding 
the  infected  parts  of  the  seedling  in  thick,  cottony  tufts.  Kernels  on 
the  germinator,  dead  as  a  result  of  Gibberella  invasion,  are  pinkish  or 
red  in  color.  Kernels  killed  by  Diplodia  acquire  a  dull  shade  approach- 
ing black  in  color. 

Experience  has  shown  that  sometimes  much  slight  Gibberella  seed 
infection  fails  to  become  evident  in  the  ordinary  germination  test  made 
at  a  temperature  of  75°  F.  or  over.  Yet  when  seed  slightly  infected 
with  Gibberella  is  planted  in  cool  soil,  as  usually  occurs  at  the  proper 
time  for  corn  planting,  much  injury  may  result.  In  such  cases  seed 
treatments  may  be  especially  valuable  as  a  supplement  to  the  germi- 
nation test. 

Gibberella  infection  can  be  detected  less  readily  than  Diplodia  in- 
fection by  a  physical  examination  of  the  ear  and  kernels.  In  fact, 
sometimes  there  may  be  a  higher  percentage  of  Gibberella  infection  in 
well-selected  but  untested  lots  of  seed  than  in  the  same  lots  prior  to 
the  elimination  of  undesirable  ears  on  the  basis  of  ear  and  kernel 
characters.  (Table  5.)  Gibberella-infected  ears  and  also  Diplodia- 
infected  ears  that  are  found  in  the  better  seed  lots  usually  are  well 
matured  and  have  an  inherent  capacity  for  producing  high  yields 
when  the  disease  is  controlled. 

Table  5. — Gibberella  seed  infection  in  discarded  and  selected  ears  in  a  200-bushel  lot 
of  rack-dried  seed  corn,  Bloomington,  III.,  1927 


Kind  of  seed 

Percent- 
age of 
original 
seed  lot 

Percent- 
age of 
Gibber- 
ella-in- 
fected 
kernels 

Discarded  from  the  seed  stock  on  the  basis  of  undesirable  ear  and  kernel  characters... 
Selected  as  good  seed  on  the  basis  of  a  careful  inspection  of  ear  and  kernel  characters.. 

10.5 
14.6 

0.2 
7.6 

The  cortical  rots  caused  by  Gibberella,  Hke  those  caused  by  Diplo- 
dia, are  confined  chiefly  to  the  coleorhiza,  the  mesocotyl,  and  the 
seminal  and  adventitious  roots.  The  use  of  Gibberella-infected  seed 
may  result  in  very  unsatisfactory  stands  and  much  seedling  blight. 

The  extent  of  reduced  stands,  seedling  bhght,  and  weakened  early 
vigor  resulting  from  the  use  of  Gibberella-infected  seed  depends  on 
soil  and  cUmatic  conditions  and  the  genetic  complex  of  the  strain  of 
corn.     Plantings  of  Gibberella-infected  seed  followed  by  a  period  of 
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cold  weather  may  produce  very  unsatisfactory  stands  or  a  marked 
reduction  in  early  vigor.  But  corn  from  Gibberella-infected  seed  is 
not  adversely  affected  by  a  combination  of  high  soil  temperature  and 
high  soil  moisture,  as  is  corn  from  Diplodia-infected  seed.  At  soil 
temperatures  above  66°  F.  there  is  but  little  seedling  blight  caused  by 
Gihherella  saubinetii. 

While  a  moderately  high  soil-moisture  content,  50  to  65  per  cent  of 
the  water-holding  capacity,  favors  the  maximum  development  of 
Diplodia  seedling  bhght,  Gibberella  seedling  blight  is  favored  by 
lower  moisture  contents. 

Gibberella  ear  rots  and  stalk  rots,  Uke  those  caused  by  Diplodia, 
do  not  result  from  a  systemic  infection  of  the  plant,  but  from  wind- 
borne  spores.  With  Diplodia  ear  rot  usually  about  as  many  ears  are 
infected  from  the  shank  end  as  are  infected  from  the  tip  ^nd.  How- 
ever, the  tip-infected  ears  are  decidedly  in  the  majority  with  Gibber- 
ella-rotted  ears.  Ears  are  susceptible  to  infection  from  silking  to 
maturity,  as  is  the  case  with  Diplodia. 

The  occurrence  of  cereal  head  blight  or  scab  throughout  the  Corn 
Belt  is  evidence  of  the  wide  distribution  of  Gibberella  saubinetii. 
Although  rather  heavy  infections  of  seed  corn  with  G.  saubinetti  have 
been  reported  from  various  States,  ordinarily  it  probably  is  not  as 
generally  prevalent  in  seed  corn  as  is  Diplodia  zeae.  The  relative 
proportions  of  these  two  seedling-blight  fungi  in  seed  corn  depend  on  a 
number  of  factors,  chief  among  which  are  chmatic  conditions,  previous 
cropping,  and  the  genetic  complex  of  the  corn  involved.  For  instance, 
in  the  1924  crop  throughout  central  Illinois  there  was  about  an  equal 
amount  of  Diplodia  and  Gibberella  infection,  while  in  the  1925  crop 
there  was  an  abundance  of  the  former  and  only  traces  of  the  latter 
in  commercial  strains  throughout  the  same  area.  Many  inbred 
strains  and  recombinations  of  inbreds  in  the  1925  crop,  however, 
contained  high  percentages  of  the  Gibberella,  with  only  traces  of 
Diplodia. 

In  general,  it  may  be  stated  that  Gibberella  ear  rot  and  Gibberella 
oced  infection  are  more  prevalent  in  the  northern  parts  of  the  upper 
Mississippi  Valley  Corn  Belt  than  in  the  central  and  southern  parts. 
There  is  much  seasonal  and  varietal  variation  in  the  occurrence  and 
amount  of  Gibberella  infection. 

BASISPORIUM 

Basisporium  gallarum  Moll.,  hke  Diplodia  zeae  and  Gibberella 
saubinetii,  may  cause  a  rotting  of  the  stalk,  shank,  and  cob  tissues. 
The  butts  of  ears  from  Basisporium-infected  shanks  present  a  shredded 
appearance.  Cobs  rotted  by  Basisporium  are  easily  broken,  and 
cobs  of  ears  badly  rotted  by  this  fungus  may  easily  be  crushed  in  the 
hand  or  spHt  longitudinally. 

The  fungus  infects  the  kernels  and  in  severe  cases  kills  them.  In 
the  kernel  the  attack  of  the  fungus  is  primarily  on  the  embryo,  not 
on  the  endosperm.  Infected  ears  usually  are  light  in  weight,  dull  in 
luster,  and  chaffy.  In  late  infections,  however,  the  kernels  are  not 
killed,  and  infected  ears  may  have  a  good  appearance.  Such  ears 
may  be,  and  frequently  are,  selected  for  seed.  Many  lots  of  seed 
from  farmers'  planter  boxes  that  were  free  from  both  Diplodia  and 
Gibberella  infections  have  been  found  to  contain  from  15  to  30  per 
cent  Basisporium-infected  seed. 
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Heavy  Basisporium  infection  in  seed  ears  can  best  be  detected  by  a 
careful  examination  of  the  butt  of  the  ear.  Infected  ears,  as  a  rule, 
do  not  have  clean,  bright  shank  attachments.  A  tip  of  an  infected 
kernel  is  shown  in  Figure  2.  The  black  spots  in  these  pictures  are 
not  single  spores  but  are  groups  or  masses  of  spores.  Slight  infection 
may  easily  escape  detection  by  the  unaided  eye. 

On  the  germinator  Basisporium  infection  of  seed  is  not  so  easily 
recognized  as  are  Diplodia  and  Gibberella  infections.  The  fungus  is 
inconspicuous,  and  there  is  little  evidence  of  rotting.  The  mycelium 
is  white  and  fluffy  but  sparse.  Identification  must  be  made  with  the 
aid  of  a  microscope.     An  enlarged  photograph  of  infected  kernels 


Figure  2.— Tip  of  corn  kernel  (X  15)  showing  Basisporium  spore  masses,  which  ars  scarcely- 
noticeable  to  the  naked  eye.  Basisporium  infections  of  this  kind  frequently  are  found  in  seed 
corn 

from  a  germinator  is  reproduced  in  Figure  3.  The  moisture  on  the 
germinator  makes  the  spores  a  little  more  conspicuous  than  they  are 
on  the  dry  grain,  but  otherwise  they  can  be  recognized  just  as  readily 
on  the  dry  grain.  On  the  germinator  the  seedlings  from  ears  slightly 
infected  with  Basisporium  are  more  slender  and  less  vigorous  than 
the  seedlings  from  ears  slightly  infected  with  either  Diplodia  or 
Gibberella,  especially  the  latter. 

Varieties  and  strains  of  corn  differ  greatly  in  their  resistance  and 
susceptibility  to  Basisporium.  There  also  is  much  seasonal  variation 
in  the  occurrence  and  severity  of  this  disease. 

Not  all  Basisporium-infected  ears  show  the  external  symptonis 
described  above.  The  presence  of  slight  Basisporium  infection  in 
many  ears  can  be  determined  only  by  surface  disinfection,  plating, 
and  subsequent  identification  of  the  fungus. 
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The  use  of  Basisporium-infected  seed  is  followed  by  a  reduction  in 
stand,  vigor,  and  yield.  In  the  experiment  the  results  from  which  are 
given  in  Table  6  the  Basisporium-infected  seed,  as  well  as  the  nearly 
disease-free  seed,  was  selected  from  a  10-year  inbred  which  had  been 
pollinated  by  another  and  unrelated  10-year  inbred.  On  the  hme- 
s tone-sawdust  germinator  the  seedlings  from  the  Basisporium-infected 
ears  appeared  as  vigorous  as  the  seedlings  from  the  nearly  disease- 
free  ears.  The  nearly  disease-free  seed  composite  of  the  same  first- 
generation  cross  had  a  vitality  of  99.8  per  cent,  with  92.4  per  cent  of 
the  seedlings  apparently  disease-free,  on  the  germinator.  The 
Basisporium-infected  seed  selected  had  a  vitahty  of  99.5  per  cent, 
with  95  per  cent  of  the  seed  slightly  infected.  Otherwise  the  seedlings 
from  this  Basisporium-infected  seed  appeared  as  desirable  as  the  seed- 
lings from  the  nearly  disease-free  seed.    In  the  field  the  nearly  disease- 


\ 
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Figure  3.— Germiuaiing  kernels  at  the  time  of  reading  the  germination  test:  A,  Badly  infected 
with  Basisporium;  B,  slightly  infected  with  Basisporium;  C,  apparently  disease  free 

free  seed  gave  a  final  stand  of  85.6  per  cent  and  the  Basisporium- 
infected  seed  a  stand  of  79.6  per  cent.  The  reduction  in  acre  yield  of 
4.8  bushels  was  statistically  significant,  the  odds  being  160  to  1.  The 
use  of  seed  more  heavily  infected  with  this  fungus  has  resulted  in  greater 
reductions  in  yield,  the  reductions  ranging  from  5  to  15  bushels  per  acre. 

Table  6. — Field  stand  ^  and  acre  yield  ^  of  yellow  dent  corn  from  nearly  disease- 
free  seed  and  from  Basisporium-infected  seed,  each  composite  selected  from  seed 
of  a  first-generation  cross  between  two  10-year  inhreds  of  yellow  dent  corn,  planted 
early  in  May,  1927,  near  Bloomington,  III. 


Kind  of  seed 

Vitality 
Oabora- 
tory  rec- 
ord) 

Final 
field 
stand 

Acre 
yield 

Decrease  In  jrleld 
following  use  of 
Basisporium-in- 
fected seed 

-Nearly  disease-free 

Percent 
99.8 
99.5 

Per  cent     Buthels 
86.6            58.7 
79. 6           ia.  9 

Bushels 

Odds 

Basisporinm-ipfected.... , 

4.8 

160:1 

J  Average  of  21  replications. 
61059—31 2 
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The  factors  determining  the  extent  of  injury  caused  by  seed-borne 
Basisporium  infection  are  not  fully  understood.  In  general,  however, 
earlier  plantings  of  Basisporium-infected  seed  followed  by  unfavorable 
weather  conditions,  such  as  cold  rains,  etc.,  have  resulted  in  greater 
reductions  in  stand  and  yield  than  have  later  plantings  followed  by 
more  favorable  weather  conditions.  (Table  7.)  Also,  reductions  in 
the  acre  yields  of  corn  from  Basisporium-infected  seed,  as  compared 
with  the  acre  yields  of  corn  from  nearly  disease-free  seed,  have  been 
greater  on  the  more  productive  than  on  the  less  productive  soils. 
(Table  8.)  It  is  not  known  whether  this  is  due  to  the  increased 
injury  from  the  disease  on  the  more  productive  soil  or  to  the  inferior 
capacity  of  corn  susceptible  to  Basisporium  to  utilize  efficiently  the 
larger  supply  of  plant  nutrients  present  in  the  more  productive  soil. 
In  view  of  the  fact  that  the  yield  of  corn  from  Basisporium-infected 
seed  as  shown  on  p.  53  was  increased  only  2.5  bushels  by  seed  treat- 
ment, as  compared  with  increases  of  15.1  and  9.8  bushels  from 
treated  Diplodia-infected  and  Gibberella-infected  seed,  it  would  seem 
that  the  latter  suggestion  has  some  basis.  On  moderately  productive 
soil,  individual  plant  yields  of  corn  from  treated  Basisporium- 
infected  seed  are  significantly  lower  than  plant  yields  of  corn  from 
either  treated  Diplodia-infected  or  treated  Gibberella-infected  seed. 
(Table  9.) 

Table  7. — Reductions  in  acre  yield  ^  of  yellow  dent  corn  from  seed  heavily  infected 
with  Basisporium  as  compared  with  the  yield  from  nearly  disease-free  seed,  the 
first  of  the  two  plantings  being  followed  by  a  period  of  unfavorable  weather  and  the 
second  by  a  period  of  favorable  weather  at  Bloomington,  III.,  1927 


Time  of  planting 

Reduction 
in  yield  fol- 
lowing use 
of  Basis- 
porium-in- 
fected seed 

Odds 

Early  in  May  and  followed  by  a  period  of  unfavorable  weather  conditions 

Middle  of  May  followed  by  favorable  weather  conditions    ------  -- 

Bushels 
13.0 
7.4 

>9, 999:1 
>9, 999:1 

1  Averages  of  16  replications. 

Table  8. — Acre  yields  from  good  seed  and  from  Basisporium-infected  seed  corn 
grown  on  soils  of  different  levels  of  productivity,  at  the  University  of  Illinois 
agronomy  farm,  tlrbana,  III.,  1927  and  1928 


Repli- 
cations 

Acre  yield  from— 

Increase 
(+)or 
decrease 
(-)in 
yield  from 
use  of  Basis- 
porium-in- 
fected seed 

Year 

Good  seed 

Basis- 
porium-in- 
fected seed 

Odds 

1927                                                  

Number 
10 

I             6 

8 

1            16 

I             8 

Bushels 
63.2 
56.6 
52.1 
66.3 
53.6 
32.9 

Bushels 
52.6 
51.9 
51.6 
59.3 
50.5 
36.4 

Bushels 
-10.6 
-4.7 
-.5 
-7.0 
-3.1 
-f2.6 

2,099:1 
73:1 

1928                                                

3:1 

>9, 999:1 

38:1 

8:1 
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Table  9. — Plant  yields  oj  yellow  dent  corn,  in  experimental  plots  with  comparable 
field  stands,  grown  from  Diplodia-infected  seed,  from  Gibber ella-infected  seed,  and 
from  Basis poriiim-infected  seed  {all  seed  lots  treated),  Bloomington,  III.,  1927-1929 


Kind  of  seed 

Mean  plant  yield  i— 

Aver;ige 

1927 

1928 

1929 

Diplodia-infected 

Gibberella-infected 

Pounds 

0.778 
.758 
.637 

Pounds 

0.791 

.836 

.734 

Pounds 

0.927 

.883 

.875 

Pounds 
0.832 
.826 
.749 

1  Each  average  is  based  on  the  yield  from  approximately  700  comparable  plants. 

Basisporium  ear  rots  and  seed  infection  with  Basisporium  appar- 
ently are  widely  distributed  throughout  the  upper  Mississippi  Valley 
Corn  Belt.  In  1928  Basisporium  ear  rot  was  decidedly  more  preva- 
lent than  either  Diplodia  or  Gibberella  ear  rot  throughout  central 
Illinois.  Durrell  {!)  pointed  out  that  the  earlier  maturmg  varieties 
were  more  heavily  infected  than  the  later  maturing  ones.  He  also 
stated  that  this  disease  was  more  prevalent  in  seasons  in  which  there 
was  a  heavy  rainfall  durmg  the  fall  months.  It  has  been  the  observa- 
tion of  the  writers  that  following  premature  killing  of  the  plants  by 
cold  or  by  other  agencies  there  is  a  rapid  invasion  of  the  stalk,  shank, 
and  cob  by  Basisporium  and  by  other  organisms. 

The  presence  of  Basisporium  infections  in  seed  corn  in  many  in- 
stances may  be  evidence  of  physiologic  immaturity  of  the  seed  and 
also  evidence  of  the  inability  of  the  plants  from  which  such  seed  was 
selected  to  bring  their  maturation  processes  to  completion  under 
unfavorable  weather  and  soil  conditions. 


FUSABIUM 

In  some  sections  of  the  Corn  Belt,  Fusarium  moniliforme  Sheldon 
is  an  important  ear-rot  producing  organism.  Good- appearing  seed 
lots  of  which  50  per  cent  of  the  kernels  carry  Fusarium  infection  are 
not  unusual. 

The  infection  is  carried  in  the  tip  cap  of  the  kernel,  and,  as  shown 
in  Plate  2,  a  pink  mycelial  growth  develops  in  this  region  on  infected 
kernels  during  the  germination  test.  In  habit  the  fungus  is  not 
spreading,  but  grows  close  to  the  kernel,  and  at  times  a  microscopic 
examination  is  necessary  to  distingmsh  Fusarium  infection  from 
Cephalosporium  infection.  (Fig.  4.)  When  the  corn  is  susceptible 
to  scutellum  rot  or  when  the  germinator  is  not  sufficiently  ventilated, 
Fusarium  infection  may  be  masked  by  other  more  vigorously  growing 
fungi,  such  as  Rhizopus.  Sometimes  red  streaks  occur  on  the  seed 
coat  of  infected  kernels.  No  conspicuous  rotting  of  the  seedlings  on 
the  germinator  is  caused  by  this  fungus,  but  a  rot  at  the  base  of  the 
seminal  roots  sometimes  may  occur. 

No  outstanding  field  symptoms  are  associated  with  plants  grown 
from  seed  infected  with  Fusarium  moniliforme,  and  some  investiga- 
tors have  questioned  whether  seed  infection  with  this  fungus  has  any 
practical  significance.  In  experiments  conducted  in  Illinois,  slight 
reductions  in  stand  and  vigor  usually  have  followed  the  use  of  Fusa- 
rium-infected  seed,  and  reductions  in  yield  have  been  the  rule.     On 
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soils  lacking  lime   and   phosphorus,    reductions  in   yield  of  sound 
corn   from  Fusarium-infected   seed   have   been   pronounced.     Corn 


Figure  4.~A.~Cephalosporium  acremonium  fruiting  at  the  tip  end  of  an 
infected  corn  kernel  taken  from  the  germinator.  The  round  spore  heads 
here  shown  are  characteristic.  B.—Fusarium  moniliforme  photographed 
at  the  same  magnification  as  A.  The  spores  are  produced  in  chains 
rather  than  in  heads,  as  in  Cephalosporium.    X  650 

from  seed  infected  with  this  organism  frequently  has  been  very  sus- 
ceptible  to  injury  from  unfavorable  environmental  conditions. 
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Fusarium  moniliforme,  used  in  pure-culture  seed-inoculation 
studies  in  extensive  field  experimental  plots,  has  never  given  any- 
consistent  reduction  in  stand,  vigor,  or  yield.  These  inoculation 
studies  were  conducted  in  cooperation  with  James  G.  Dickson,  of  the 
Division  of  Cereal  Crops  and  Diseases,  and  the  University  of  Wis- 
consin. Apparently  many  physiologic  strains  of  this  organism  may 
exist,  according  to  results  recently  reported  by  Leonian  (10).  Some 
of  these  strains  probably  cause  injury  to  corn  seedlings  when  infec- 
tions with  such  strains  are  seed  borne.  Seed  treatment  has  possi- 
bilities of  increasing 
the  yield  of  corn  from 
Fusarium  -infected 
seed,  at  least  to  the 
extent  of  controlling 
these  injurious  infec- 
tions. 

The  degree  to  which 
individual  ears  may 
be  infected  with  Fusa- 
rium spp.,  as  well  as 
the  severity  of  the  in- 
fections,  depends 
largely  on  the  genetic 
complex  of  the  corn 
involved.  Slightly  in- 
fected ears  of  a  strain 
resistant  to  this  organ- 
ism usually  give  a  yield 
closely  approaching 
that  of  corn  from  near- 
ly disease-free  ears  of 
the  same  strain.  On 
the  other  hand,  heav- 
ily infected  ears  of 
Fusarium  -  susceptible 
strains  may  produce 
corn  of  low-yielding 
capacity  as  compared 
with  corn  from  nearly 
disease-free  ears  se- 
lected from  the  same 
open-pollinated 
strain.  Data  from  an  experiment  in  which  such  a  comparison  was 
made  are  presented  in  Table  10.  Corn  from  seed  heavily  infected 
with  Fusarium  yielded  little  better  than  corn  from  Diplodia-infected 
seed,  and  each  produced  a  yield  significantly  below  that  of  corn  from 
the  welUselected,  nearly  disease-free  seed  from  the  same  seed  lot. 
It  is  possible  that  this  nearly  disease-free  seed  was  disease  free  because 
the  plants  producing  the  seed  were  highly  resistant  to  both  Fusarium 
ftnd  Cephalosporium.  Corn  frona  Fusariuni-infected  seed  was 
benefited  only  shghtly  by  seed  treatment,  3.2  bushels  with  odds  of 
4  to  1,  and  corn  from  treated  Diplodia-infected  seed  gave  a  yield 
increase  of  13.3  bushels  with  odds  of  4,132  to  1.  A  summary  of  these 
results  is  shown  graphically  in  Figure  5.     The  ears  produced  hj  the 


§^ 
ill 

Figure  5. — Acre  yields  from  nearly  disease-free,  Diplodia-infected, 
Fusarium-infected,  and  Cephalosporium-infected  seed  untreated 
and  treated.    (Data  in  Table  10 
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corn  grown  from  Fusarium-infected  seed  were  inferior  in  quality, 
and  many  were  rotted.  Ears  heavily  infected  with  Fusariiim  usually 
are  more  starchy  in  endosperm  composition  than  are  nearly  disease- 
free  ears  from  the  same  seed  lot,  although  many  heavily  infected  ears 
have  a  good  external  appearance. 

Table  10. — Acre  yield  *  of  yellow  dent  corn  from  nearly  disease-free  seed,  from 
Diplodia-infected  seed,  from  Fusarium-infected  seed,  and  from  Cephalosporium- 
infected  seed,  untreated  and  treated,  Waverly,  III.,  1928 


Kind  of  seed 


Nearly  disease-free 

Diplodia-infected 

Fusarium-infected 

Cephalosporium-infected- 


Acre 
yield 
from  un- 
treated 
seed 

Reduc- 
tion in 
yield  fol- 
lowing 
use  of  dis- 
eased seed 

Odds 

Acre 
yield 
from 
treated 
seed 

Increase 
in  yield 
following 

seed 
treatment 

Bushels 
68.8 
54.7 
53.5 
59.3 

Bushels 

Bushels 
71.2 
68.0 
56.7 
61.7 

Bushels 
2.4 
13.3 
3.2 
2.4 

14.1 
15.3 
9.5 

1,257:1 
1,666:1 
8,699:1 

Odds 


20:1 

4,132:1 

4:1 

13:1 


1  Average  of  6  replications. 

The  extent  to  which  Fusarium  monilijorme  may  cause  a  high  per- 
centage of  badly  rotted  ears  and  heavy  seed  infections  seems  to  depend 
on  a  number  of  factors,  most  important  of  which  is  the  genetic  com- 
position of  the  strain  of  corn  involved.  Sheldon  first  reported 
F.  monilijforme  as  an  ear-rot  organism  in  eastern  Nebraska.  The 
senior  writer,  in  company  with  A.  G.  Johnson,  of  the  Division  of 
Cereal  Crops  and  Diseases,  and  James  G.  Dickson,  previously  men- 
tioned, has  observed  fields  of  corn  in  eastern  Nebraska  in  which  there 
were  heavy  commercial  losses  from  ear  rots  caused  by  F.  monilijorme. 
Closely  adjoining  fields  were  inspected  in  which  less  than  1  per  cent 
of  the  ears  were  rotted.  Fusarium  ear  rots  were  found  in  appreciable 
amounts  also  in  eastern  Kansas,  Missouri,  and  south-central  Illinois. 
In  the  southern  half  of  the  upper  Mississippi  Valley  Corn  Belt,  whole 
ears  rotted  by  F.  monilijorme  are  found  more  frequently  than  in  the 
northern  half  of  this  same  area,  where  F.  monilijorme  causes  more 
kernel  rot  than  ear  rot. 

In  general,  the  roughly  dented  and  starchy  types  of  corn  are  more 
susceptible  to  Fusarium  ear  rot  and  seed  infection  than  are  the 
smoother  and  more  horny  types. 

It  seems  probable,  therefore,  that  corn  from  Fusarium-infected 
seed  is  low  in  yielding  capacity  not  only  because  of  injuries  produced 
by  the  seed-borne  infection  but  also  on  account  of  the  inferior  genetic 
make-up  of  the  individual  plant  or  strain,  which  may  have  made  the 
seed  infection  possible.  This  interpretation  is  given  further  support 
by  the  frequent  occurrence  of  Fusarium  seed  infection  in  much  greater 
abundance  on  low-yielding  recombinations  than  on  high-yielding 
recombinations  of  hybrid  corn.  Seed  treatment  has  not  consistently 
increased  the  yield  of  corn  from  Fusarium-infected  seed  of  low-yielding 
and  disease-susceptible  strains. 

CEPHALOSPORIUM  (BLACK-BUNDLE  DISEASE) 

Cephalosporium  acremonium  Corda  is  another  disease-producing 
organism  affecting  com.  It  is  seed  borne,  but  differs  considerably 
from  the  others  in  that  it  causes  a  systemic  infection  of  the  corn 
plant.  It  does  not  cause  seedling  blight,  nor  does  it  ordinarily  cause 
greatly  reduced  vigor  of  the  seedlings.    It  may  seriously  reduce  the 
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PLATE  2 


RESULTS  OF  SEED-TREATMENT  EXPERIMENTS  FOR  DENT  CORN 

Germinating  kernels  uninfected  and  infected  with  Cephalosporium  acremonium  and  Fusarium  monilifortne. 
A,  B. — Apparently  disease-free  corn  kernels  after  germinating  for  seven  days  on  a  limestone-sawdust 
germinator  at  82°  F.  C,  D,  E.— Kernels  infected  with  C.  acremonium.  The  fungus  is  pale  pink  in  color 
and  is  externally  evident  on  the  tip  end  of  the  kernel  only  where  it  appears  as  a  very  fine  downy  growth. 
When  the  germinator  is  not  kept  too  moist,  the  white  streaks  here  shown  usually  develop  along  the 
seed  coat  of  badly  infected  kernels.  F,  O,  H.— Kernels  infected  with  F.  moniliforme.  This  fungus  also 
begins  growth  at  the  tip  end  of  the  kernels,  but  sometimes  it  covers  a  little  larger  area  than  Cephalo 
sporium.  The  color  is  pale  pink  also,  but  sometimes  the  texture  is  decidedly  different,  being  more 
grainy  in  Fusarium.    No  white  streaks  are  caused  by  this  fungus. 
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yield  of  the  corn  crop,  nevertheless,  in  that  it  may  check  normal  ear 
development  {13). 

The  symptoms  on  the  germinator  are  at  times  difficult  to  distinguish 
from  those  caused  by  Fusarimn  moniliforme.  In  either  case  there  is  a 
pale  pink  fungus  at  the  tip  end  of  the  kernel.  A  microscopic  exam- 
ination of  the  fungous  growth  on  the  kernel,  characteristics  of  which  are 
shown  in  Figure  4,  is  necessary  for  identification.  When  infection  is 
severe  and  the  germinator  is  kept  only  moderately  moist,  white  streaks 
frequently  develop  under  the  seed  coat  at  the  back  and  sides  of  the 
infected  kernels,  as  showTi  in  Plate  2.  When  such  streaks  do  not  occur 
in  the  dry  seed  but  first  develop  during  the  germination  test,  they  can  be 
accepted  as  a  fairly  reliable  symptom  of  Cephalosporium  infection. 

Corn  grown  from  Cephalosporium-infected  seed  composites  se- 
lected from  various  seed  lots  and  from  different  sections  of  the  Corn 
Belt  vary  greatly  in  performance  and  yield  as  compared  with  corn 
grown  from  nearly  disease-free  seed  composites  from  the  same  seed 
lots.  On  productive  soil,  com  from  a  few  Cephalosporium-infected 
seed  composites  occasionally  has  yielded  slightly  better  than  com 
from  nearly  disease-free  seed  of  the  same  strain.  On  the  other  hand, 
corn  from  other  Cephalosporium-infected  seed  composites,  planted 
in  sections  where  this  disease  apparently  is  more  destructive,  particu- 
larly in  the  southern  part  of  the  upper  Mississippi  Valley  Com  Belt, 
has  produced  very  inferior  yields,  as  compared  with  the  yields  of 
com  from  nearly  disease-free  seed  of  the  same  strain.  (Table  10  and 
fig.  5.)  As  mentioned  above  in  the  discussion  of  the  Fusarium  disease, 
the  nearly  disease-free  seed  used  in  this  experiment  probably  was 
disease-free  because  it  has  been  produced  on  plants  highly  resistant 
to  the  black-bundle  and  other  diseases. 

Many  factors  may,  and  probably  do,  contribute  to  such  wide 
differences  in  performance  of  com  from  various  lots  of  Cephalospor- 
ium-infected seed  and  from  nearly  disease-free  seed.  In  the  first 
place,  strains  of  corn  dift'er  greatly  in  their  reaction  to  this  com 
pathogene,  some  being  very  susceptible  and  others  highly  resistant. 
The  soil  environment  in  which  the  plants  are  growing  is  a  very  im- 
portant factor.  Com  on  soil  lacking  in  available  phosphates  or  on  soil 
having  an  excess  of  available  nitrates  seems  to  be  much  more  suscepti- 
ble to  injury  from  the  black-bundle  disease  than  corn  from  the  same 
seed  selections  on  soil  in  which  a  good  physiologic  balance  exists. 

The  percentage  of  plants  showing  conspicuous  symptoms  of  this 
disease  in  com  from  the  same  lots  of  nearly  disease-free  seed  planted 
in  various  sections  of  the  Com  Belt  has  varied  from  traces  to  as  miich 
as  40  per  cent  the  same  season.  In  closely  adjacent  fields,  planted  at 
approximately  the  same  time  from  the  same  lot  of  nearly  disease-free 
seed,  corn  in  fields  in  which  com  had  been  grown  for  the  previous  two 
or  more  years  has  consistently  had  much  higher  percentages  of  plants 
with  conspicuous  symptoms  associated  with  this  disease  than  com  in 
fields  in  which  the  com  has  followed  some  other  crop. 

In  1927  a  Cephalosporium-susceptible  strain  of  corn  was  included 
in  each  of  two  experimental  plots,  A  and  B.  The  seed  used  tested 
nearly  disease-free  and,  in  addition,  was  given  a  seed  treatment. 
Experimental  plot  A  was  on  soil  that  had  been  cropped  with  com 
the  previous  two  years.  Prior  to  planting,  the  soil  received  an  appli- 
cation of  a  complete  fertihzer  (4-16-4)  at  the  rate  of  500  pounds  per 
acre.  Experimental  plot  B  was  on  soil  that  had  not  grown  a  com 
crop  for  the  previous  six  years.     In  plot  A  every  plant  of  the  sus- 
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ceptible  strain  of  corn  was  badly  injured  by  the  black-bundle  disease. 
Plants  of  resistant  strains  in  this  same  plot  showed  little  evidence  of 
the  disease  and  produced  high  yields.  In  plot  B  very  little  evidence 
of  the  disease  could  be  observed  in  the  susceptible  strain  and  there 
was  very  little  Cephalosporium  infection  in  the  seed  harvested  from 
the  susceptible  strain.  In  the  Cephalosporium-susceptible  strain  not 
a  single  Cephalosporium-free  ear  was  found  in  the  more  than  400 
ears  harvested  from  plot  A. 

These  results  indicate  soil  infestation.  Seed  treatment  may  be  of 
value  on  Cephalosporium-infected  seed  in  controlling  injuries  resulting 
from  seed-borne  infection,  but  seed  treatment  has  not  been  found 
effective  in  reducing  losses  from  the  black-bundle  disease  in  corn 
planted  on  soil  and  in  sections  where  this  disease  is  destructive. 

Although  the  black-bundle  disease  is  widely  distributed,  the  losses 
resulting  from  it  are  much  greater  in  the  southern  part  of  the  upper 
Mississippi  Valley  than  in  the  northern  part.  Apparently  some 
varieties  are  highly  tolerant  to  this  disease,  particularly  in  the  northern 
part  of  the  Corn  Belt,  and  the  presence  of  Cephalosporium  on  the  seed 
and  within  the  plant  does  not  seem  to  be  associated  with  barrenness 
and  nubbin  production.     The  reasons  for  this  are  not  fully  understood. 

Varieties  susceptible  to  the  black-bundle  disease  are  not  necessarily 
varieties  or  strains  of  low-yielding  capacity  and  may  produce  satis- 
factory yields  under  conditions  where  this  disease  is  less  important. 
Some  strains  comparatively  susceptible  to  this  disease  are  highly 
resistant  to  the  usual  ear-rot  diseases. 

MISCELLANEOUS  SEED-BORNE  AND  SOIL-BORNE  DISEASES 

That  diseases  of  corn,  other  than  those  described  above,  exist  and 
may  cause  reductions  in  both  stand  and  early  vigor  under  some  field 
conditions  seems  evident.  When  the  early  planting  of  well-selected 
seed,  known  to  be  free  from  Diplodia,  Gibberella,  and  Basisporium, 
is  followed  by  a  period  of  cold  rainy  weather,  considerably  reduced 
stands  frequently  result.  The  inability  of  a  part  of  such  seed  to  germi- 
nate and  emerge  can  be  attributed  to  unfavorable  soil  temperatures  and 
soil  moistures.  Such  an  explanation,  however,  does  not  account  for 
the  beneficial  influence  of  seed  treatment  in  increasing  stand  and  vigor 
under  these  conditions.  The  two  lots  of  seed  used  in  the  experiment, 
the  results  from  which  are  presented  in  Table  11,  were  not  individually 
ear  tested,  but  a  composite  germination  test  of  1,000  kernels  from  each 
seed  lot  showed  that  only  traces  of  any  of  the  now  known  seedling-blight 
organisms  were  present.  Yet  seed  treatment  increased  the  stands 
very  markedly.     The  plant  yields  also  were  increased  slightly. 

Table  11. — Field  stands  ^  and  plant  yields  ^  from  well-selected  untested  seed  of  two 
strains  of  yellow  dent  corn,  each  untreated  and  treated,  Bloomington,  III.,  1927 


Final  field  stand 
from  seed 

Percent- 
age rate  of 
increase 
in  stand 
following 
seed  treat- 
ment 

Odds 

Plant  yield  from 
seed 

Percent- 
age rate  of 
increase 
in  plant 
yield  fol- 
lowing 
seed  treat- 
ment 

Strain 

Untreated 

Treated 

Untreated 

Treated 

Odds 

17&-A 

Per  cent 
8L9 
76.6 

Per  cent 
86.6 
86.6 

Per  cent 
6.7 
12.9 

171:1 
>9, 999:1 

Pound 
0.713 
.617 

Pound 

0.734 

.626 

Per  cent 
2.9 
1.5 

4:1 

90-Day 

2:1 

^  Averse  of  16  replications. 
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Such  beneficial  effects  following  seed  treatment  are  not  confined  to 
instances  in  which  early  planting  is  followed  by  unfavorable  weather 


FiGUKB  6. — Points  in  Illinois  at  which  285  planter-box  collections  were  made.  The  collections 
secured  at  the  points  marked  +  were  studied  individually.  The  remaining  collections  were 
composited— 80  in  1928  and  68  in  1929 


conditions.     Sometimes  later  plantings  are  followed  by  a  period  of 
warm  rainy  weather,  and  under  these  conditions  substantial  increases 
in  stand  and  vigor  may  follow  the  use  of  seed  treatment. 
61059—31 3 
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In  the  spring  of  1928,  samples  of  seed  corn  were  collected  from  285 
farmers'  planter  boxes  throughout  central  Illinois.  (Fig.  6.)  Of  these 
samples  112  were  planted  separately  in  an  experimental  plot,  2 
individual  rows  of  20  hills  each,  2  kernels  per  hill,  1  row  with 
untreated  seed,  and  a  second  row  with  treated  seed.  The  soil  on 
which  this  experimental  plot  was  located  was  unusually  uniform,  as 
judged  by  yields  from  a  hybrid  strain  of  corn*  planted  in  every  fifth 
row  for  a  soil  check.  This  soil  received  a  liberal  broadcast  application 
of  a  4-16-4  fertilizer  one  week  before  planting.  There  was  no  lack 
of  soil  moisture  at  any  time  during  the  growing  season.  The  level  of 
productivity  of  the  soil,  as  measured  by  the  yields  from  the  hybrid 
corn  in  every  fifth  row,  was  well  above  the  average  yield  of  the  higher 
yielding  planter-box  collections.  Data  from  32  of  these  farmers' 
planter-box  collections  are  presented  in  Table  12. 

Table  12. — Data  on  two  groups,  A  and  B,  of  yellow  dent  seed  corn  collected  from 
farmers'  planter  boxes  in  the  spring  of  1928  and  grown  in  experimental  plots 
near  Bloomington,  III.,  1928 


Items  under  observation 

Group  A 
(17  seed 
collec- 
tions) 

Group  B 
(15  seed 
collec- 
tions) 

Laboratory  germination  data: 

100.0 
0 

42.4 

0 
0 

18.8 

2.4 

4.7 
31.7 

87.7 

88.9 

1.4 

13:1 

0.603 
.642 
-f6.5 
29:1 

50.2 

54.1 

3.9 

90:1 

100.0 

Percentage  of  kernels  infected  with  Diplodia  zeae  and  Gibberella  saubinetii 

Laboratory  plating  data: 

Percentage  of  clean  kernels                                              .    .  -.  

0 
29.3 

Percentage  infected  with— 

Diplodia  zeae                 . ..  .- 

0 

Gibberella  saubinetii                                                                               

0 

17.3 

Fusarium  moniliforme                                                                -    

0 

0 

other  fungi                                                                                   

53.4 

Field  data: 

Stand  from— 

Untreated  seed per  cent- 
Treated  seed  do 

70.9 

86.4 

Percentage  of  increase  in  stand  following  treatment                              

21.9 

Odds    - 

>9, 999:1 

Plant  yield  from— 

Untreated  seed pound- 
Treated  seed                   do 

0.679 
.622 

Percentage  of  increase  (+)  or  decrease  (-)  in  plant  yield  following  seed  treatment. 
Odds     — - 

-8.4 
19:1 

Acre  yield  from— 

Untreated  seed— -- bushels- 

Treated  seed                                                                     -  -      -do 

45.0 
60.9 

Increase  in  yield  following  seed  treatment do 

Odds          .                     ....                      - - 

5.9 
74:1 

In  studying  the  response  to  seed  treatment  of  corn  from  112  of  the 
farmers'  planter-box  collections,  referred  to  above,  it  was  observed 
that  the  stand  of  a  number  of  individual  samples  was  not  increased 
by  seed  treatment,  while  the  stand  of  other  samples  was  increased 
from  5  to  45  per  cent  by  the  same  seed  treatment.  (Fig.  7.)  Kernels 
from  several  lots,  representing  those  whose  field  stand  was  not  in- 
creased. Group  A,  and  those  whose  field  stand  was  increased.  Group 
B,  were  placed  on  a  limestone-sawdust  germinator.  The  resulting 
germination  test  showed  that  the  vitality  of  each  group  was  satis- 
factory, each  being  100  per  cent  in  this  particular  germination  test. 
Neither  Diplodia  nor  Gibberella  was  present.  (Table  12.)  In 
plating  kernels  from  each  seed  lot  of  these  two  groups,  Helen  Johann, 
of  the  Division  of  Cereal  Crops  and  Diseases,  and  M.  H.  Harris, 
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graduate  student  at  the  University  of  Wisconsin,  obtained  informa- 
tion concerning  the  seed  infection.  While  neither  Diplodia  nor 
Gibberella  was  found,  each  group  carried  approximately  the  same 
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Figure  7. — Representative  portions  of  rows  of  corn  from  different  farmers'  planter-box  seed  samples 
(A,  Nos.  26  and  27;  B,  Nos.  10  and  11),  treated  and  untreated,  showing  differences  in  response  to 
seed  treatment,  Bloomington,  El.,  1929 

percentage  of  Basisporium  infection,  namely,  18.8  and  17.3  per  cent, 
respectively.  Group  A  had  42.4  per  cent  clean  kernels,  as  compared 
with  29.3  per  cent  clean  kernels  in  Group  B.  The  pathogenicity  of 
the  fungi  called  ''other  fungi"  in  Table  12  has  not  been  determined. 
Although  the  stand  was  not  increased  appreciably  in  the  first  group, 
there  was  a  significant  increase  in  individual  plant  yield  and  in  the 
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total  yield,  3.9  bushels  with  odds  of  90  to  1.  Taken  by  itself,  such 
behavior  might  be  interpreted  as  seed  stimulation.  But  such  an 
interpretation  would  not  adequately  account  for  the  behavior  in  the 
group  whose  stand  was  increased  21.9  per  cent  by  seed  treatment 
but  whose  average  individual  plant  yields  were  decreased  8.4  per 
cent  by  seed  treatment.  Many  of  the  plants  that  were  enabled  to 
survive  as  a  result  of  the  seed  treatment  were  low  yielders,  producing 
only  nubbins  or  small  ears.  The  average  plant  yield,  consequently, 
was  reduced,  although  the  total  yield  in  the  treated  plots  was  signifi- 
cantly increased,  5.9  bushels  with  odds  of  74  to  1,  because  of  the  great 
increase  in  stand. 

These  beneficial  effects  from  seed  treatment  probably  are  due  in 
part  to  the  control  of  a  miscellaneous  group  of  organisms  that  may 
adhere  to  the  corn  kernel  and  may  infect  the  seedling  slightly,  and 
also  in  part  to  a  measure  of  protection  that  seed  treatment  may 
afford  against  injury  from  the  attack  of  soil-borne  disease-producing 
organisms  under  unfavorable  environmental  conditions  following 
planting. 

There  are  two  general  types  of  corn,  which  may  be  designated 
types  A  and  B,  that  are  most  likely  to  be  affected  adversely  by  the 
above-discussed  miscellaneous  group  of  organisms.  There  are 
individual  plants,  both  in  open-pollinated  varieties  and  in  hybrid 
recombinations,  that  continue  to  function  after  the  ear  apparently 
is  mature  (type  A).  The  ears  on  such  plants  retain  excess  moisture 
longer  than  do  ears  on  plants  that  cease  to  function  actively  as  soon 
as  the  ear  has  reached  maturity.  Either  before  harvesting  for  seed 
or  during  the  early  stages  of  curing,  the  ears  from  type  A  plants, 
apparently  on  account  of  the  excess  moisture  they  contain,  and  for 
other  reasons,  are  susceptible  to  slight  infections  with  this  miscel- 
laneous group  of  organisms,  and  also  to  infections  by  Diplodia  and 
Gibberella.  Seed  from  such  type  A  plant  ears,  either  when  planted 
under  conditions  where  these  diseases  do  not  affect  adversely  the 
growth  of  the  resulting  corn  plants  or  when  given  a  suitable  seed 
treatment,  has  produced  satisfactory  yields. 

In  contrast  to  the  type  A  plants,  there  are  other  plants  that  are 
unable  to  effect  complete  physiologic  maturity  on  account  of  their 
inability  to  function  properly  under  adverse  environmental  conditions 
(type  B).  These  plants  either  may  continue  to  function  only  slowly 
as  they  approach  maturity  or  even  may  be  killed  prematurely  by  a 
fall  in  temperature  which  may  not  necessarily  go  as  low  as  0°  C. 
When  seed  is  selected  in  the  early  fall,  many  ears  from  type  B  plants 
externally  appear  to  be  as  good  as  more  fully  matured  ears  from  the 
physiologically  stronger  type  A  plants.  When  seed  is  not  harvested 
until  late,  ears  on  both  type  A  and  type  B  plants  may  become  infected. 
Plants  grown  from  seed  produced  on  type  B  plants  are  likely,  however, 
to  be  more  susceptible  to  injury  resulting  from  unfavorable  soil 
environment  immediately  following  planting,  and  also  more  suscep- 
tible to  injury  resulting  from  unfavorable  environmental  conditions 
as  they  approach  maturity,  than  corresponding  plants  from  seed  of 
type  A  plant  origin. 

In  interpreting  a  germination  test,  seed  ears  from  both  of  the  two 
types  of  corn  plants  discussed  above  often  are  classed  as  slightly 
diseased.  Ears  from  type  A  plants  may  become  slightly  infected  be- 
cause the  mother  plants  are  slow  in  bringing  to  completion  the  very 
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last  stages  of  the  maturation  process.  Ears  from  type  B  plants  may 
show  slight  infection  because  the  mother  plants  are  unable  to  complete 
ear  development  and  maturation  under  the  particular  environment 
in  which  they  are  grown.  This  inabihty  may  be  due  either  to  non- 
parasitic physiologic  weakness  or  to  disease.  Ears  from  type  A 
plants  have  the  luster,  well-filled  kernels,  homy  endosperm,  and  heavy 
weight  in  relation  to  size  that  usually  accompany  full  maturity. 
Ears  from  type  B  plants  usually  lack  one  or  more  of  these  desirable 
ear  and  kernel  characteristics.  The  effect  of  the  slightly  diseased 
condition  on  yield  is  shown  in  the  experimental  results  that  follow. 

In  the  spring  of  1928  a  lot  of  approximately  400  bushels  of  yellow 
dent  seed  corn  was  tested  in  the  germinator  and  separated,  on  the  basis 
of  germinator  behavior,  into  nearly  disease-free  (grade  1),  slightly  dis- 
eased (grade  2),  and  badly  diseased  or  dead  (grade  3).  Random 
samples  of  approximately  15  bushels  each  were  taken  from  grades  1 
and  2.  Composites  of  shelled  corn  representing  these  two  grades 
were  obtained  by  removing  two  or  three  rows  of  kernels  from  each 
ear  in  the  random  samples.  The  random  sample  representing  the 
shghtly  diseased  seed,  grade  2,  was  further  selected  by  picking  out 
the  better  appearing  ears.  From  these  selected  ears  a  composite  of 
shelled  seed  also  was  obtained  by  removing  another  two  rows  of 
kernels.  This  composite  was  designated  grade  2  reselected.  Un- 
treated and  treated  seed  lots  representing  the  slightly  diseased  seed 
(grade  2  unselected)  and  the  better  appearing  slightly  diseased  seed 
(grade  2  reselected)  and  an  untreated  lot  representing  the  nearly 
disease-free  seed  were  planted  in  a  field  experiment.  The  jdeld  data 
from  this  experiment  are  given  in  Table  13. 

The  yield  from  the  untreated  slightly  diseased  seed  (grade  2  un- 
selected) was  significantly  less  than  the  yield  of  the  nearly  disease-free 
seed,  61.6  bushels  as  compared  with  69.4  bushels.  Untreated  seed 
from  the  better  appearing  slightly  diseased  ears  (grade  2  reselected) 
produced  65.9  bushels,  as  compared  with  61.6  bushels  from  the  un- 
treated, unselected,  slightly  diseased  seed.  Unselected  slightly 
diseased  seed  when  treated  produced  63.9  bushels,  while  reselected 
slightly  diseased  seed  when  treated  produced  69.0  bushels.  The  latter 
yield  compares  favorably  with  the  yield  from  untreated  nearly  disease- 
free  seed,  69.4  bushels. 

Table  13. — Acre  yields  ^  of  yellow  dent  corn,  strain  176- A,  from  untreated  nearly 
disease-free  seed  and  from  untreated  and  treated  unselected  and  selected  seed 
slightly  diseased  on  the  germinator,  planted  near  Bloomington,  III.,  May  2,  1928 


Kind  of  seed 

Seed  treatment 

Acre  yield 

Increase  in 
yield  fol- 
lowing seed 
treatment 

Odds 

Nearly  disease-free  (grade  1)... 

Untreated 

Bushels 

fi9.4 

Bushels 

Better  appearing,  slightly  diseased  ears  (grade  2  re- 
selected)  

Slightly  diseased  (grade  2  unselected) 

f  .  do '            fi.";.  9 

ITreated 

/Untreated 

ITreated 

69.0 
61.6 
63.9 

3.1 

137:1 

.3 

28:1 

1  Average  of  20  replications. 
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SEED  DISINFECTANTS 

More  than  200  different  seed  disinfectants  were  used  in  preliminary 
experiments.  Approximately  half  of  that  number  were  included  in 
field  experiments.  A  list  of  the  compounds  used  as  toxic  ingredients 
in  different  concentrations  and  in  combination  with  different  activators 
and  different  carriers,  chiefly  talc  and  lime,  follows: 

COMPOUNDS    USED    IN    WATER    SOLUTIONS    OR    SUSPENSIONS 


Acetoxymercuriorthonitrophenol. 

Anthracene  emulsion. 

Bordeaux  mixture. 

Calcium  hypochlorite  (chlorinated 

lime) . 
Copper  salt  in  miscible  oil. 
Copper  sulphate. 
Cyanmercurichlorophenol. 


Formaldehyde. 

Hydroxymercuriorthonitrophenol. 

Hydroxymercurichlorophenol. 

Hydroxymercuriorthochlorophenol. 

Hydroxymercurimetacresol. 

Mercuric  chloride. 

Mercuric  thiocyanate. 

Water. 


COMPOUNDS    USED    AS    DUSTS 


Basic  mercuric  acetate. 

Cyanmercuricresol. 

Copper  stearate: 

Copper  salicylate. 

Copper  carbonate. 

"Dritomic"  sulphur. 

Dinitrophenol. 

Ethyl  mercury  chloride. 

Hydroxymercurinitrophenol. 

Hydroxymercuriorthonitrophenol. 

Hydroxymercuricresol. 

Hydroxymercurichlorophenol. 

Hydroxymercuriparanitrophenol. 

Hydroxymercurimetacresol. 

Lead  arsenate. 

Lead  oxide. 

Mercurized  furfuramid. 

Mercuric  amino  chloride. 

Mercuric  chloride. 

Mercurous  chloride. 


Mercuric  oxide. 

Mercurized  hexamine. 

Mercurized  hexamethylenetetramine. 

Mercuric  thiocyanate. 

Metallic  mercury  (in  talc.) 

Mercurized  acetaldehyde. 

Mixtures  of  mercuric  and  mercurous 
chloride. 

Mixtures  of  hydroxymercurichlorophe- 
nol and  hydroxymercurinitrophenol. 

Mixture  of  hydroxymercurichlorophe- 
nol and  .  hydroxymercuricuprinitro- 
phenol. 

Mixture  of  mercuric  chloride  and  mer- 
curic iodide. 

Mixture  of  calcium  sulphate  and  sodi- 
um fiuosilicate. 

Mixture  of  calcium  sulphate  and  col- 
loidal copper. 

Paraformaldehyde. 


No  attempt  will  be  made  to  present  the  detailed  data  on  all  of  the 
many  compounds  that  for  various  reasons  were  found  unsatisfactory. 
The  experimental  seed-disinfectant  compounds  reported  on  are  desig- 
nated by  chemical  names,  and  commercially  available  seed  disinfect- 
ants are  designated  by  both  proprietary  name  and  the  chemical 
composition  of  the  toxic  ingredient. 

The  following  commercially  distributed  disinfectants  were  used :  * 


BAYER    DUST 

Hydroxymercurinitrophenol  sulphate 4  per  cent 

Inert  material 96  per  cent 

Formerly  produced  by  the  Bayer  Co.  (Inc.),  New  York,  N.  Y. 

*  Names  are  furnished  merely  as  information,  and  with  no  recommendation  of  the  firms  or  their  wares 
or  any  guaranty  of  their  business  standing  or  financial  responsibility.  In  most  instances  information  as 
to  the  chemical  nature  of  the  active  ingredient  of  experimental  products  was  supplied  by  the  manufacturers 
at  the  time  the  products  were  submitted  for  experimentation.  Chemists  of  the  Bureau  of  Chemistry  and 
Soils,  United  States  Department  of  Agriculture,  analyzed  the  majority  of  the  more  promising  experimental 
seed-disinfectant  compounds.  The  identity  and  chemical  names  of  the  active  ingredients  of  many  of  the 
compounds,  results  from  the  use  of  which  are  reported  in  this  bulletin,  are  based  largely  on  the  information 
supplied  by  the  Bureau  of  Chemistry  and  Soils,  through  the  courtesy  of  C.  C.  McDonnell,  Acting  Chief 
of  the  Miscellaneous  Division. 
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IMPROVED  SEMESAN  JR.  (DU  PONT  DUST  NO.  35-C) 

Hydroxymercuricresol 12  per  cent 

Inert  material 88  per  cent 

Produced  by  the  Bayer-Semesan  Co.  (Inc.),  New  York,  N.  Y. 

MERKO 

Mercury  (metallic) Not  less  than  3.5  per  cent 

Inert  ingredients Not  more  than  96.5  per  cent 

Produced  by  the  Corona  Chemical  Division,  Pittsburgh  Plate  Glass  Co.,  Mil- 
waukee, Wis. 

STEROCIDE 

Mercury  furfuramid 4  per  cent 

Inactive  ingredients 96  per  cent 

Produced  by  the  Roessler  ^  Hasslacher  Chemical  Co.,  New  York,  N.  Y. 

In  addition  to  the  above,  results  are  reported  from  the  use  of  one 
dust  disinfectant  of  foreign  manufacture  which  is  not  commercially 
available  in  this  country.  Its  laboratory  designation  and  chemical 
composition  supplied  by  the  manufacturer,  later  verified  by  the 
Bureau  of  Chemistry  and  Soils,  are  as  follows: 

S.  F.  A.  NO.  225 

Cyanmercuricresol 12  per  cent 

Produced  by  the  Saccharin-Fabrik,  Aktiengesellschaft,  Vorm.  Fahlberg,  List 
&  Co.,  Magdeburg-Siidost,  Germany. 

APPLYING  SEED  DISINFECTANTS 

The  liquid  treatments  were  applied  by  soaking  the  seed  in  water 
solutions  or  suspensions  of  the  compounds.  Many  of  the  preliminary 
liquid  treatments  were  applied  in  the  temperature-control  chambers  of 
the  plant  physiology  greenhouses  of  the  University  of  Illinois,  through 
the  courtesy  of  Charles  F.  Hottes,  to  determine  the  effects  of  different 
temperatures  with  different  concentrations  during  the  time  of  treat- 
ment. The  most  consistent  results  were  obtained  at  about  30°  C. 
for  a  period  of  one  and  one-half  hours  using  a  concentration  of  0.50 
per  cent  for  hydroxymercurichlorophenol  and  hydroxymercurior- 
thonitrophenol  and  0.15  per  cent  for  acetoxymercuriorthonitrophenol. 
(Table  14.)  Therefore,  unless  otherwise  stated,  this  temperature  and 
time  were  used  in  applying  the  liquid  treatments.  For  the  most  part 
the  seed  to  be  treated  was  put  into  beakers  containing  the  solutions. 
At  the  end  of  the  period  of  treatment  the  solutions  were  poured  off  and 
discarded.  The  wet  seed  lots  were  placed  on  blotters  in  a  warm 
room  or  on  greenhouse  benches  to  dry.  In  some  instances  the  corn 
was  put  in  cheesecloth  sacks  during  treatment,  after  which  the  sacks 
containing  the  seed  were  hung  on  a  wire  so  that  the  treatment  solution 
could  drain  off. 
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Table  14. — Effect  on  the  control  of  Diplodia  seedling  blight  of  corn  produced  by 
soaking  seed  at  four  different  temperatures  for  one  and  one-half  hours  in  water 
and  in  three  concentrations  of  hydroxymercurichlorophenol,  acetoxymercurior- 
thonitrophenoly  and  hydroxymercuriorthonitrophenol,  University  of  Illinois,  1925 


Mean  per- 

Toxic ingredient  of  seed-treatment  solution 

Temper- 
ature of 
soak 

Concentra- 
tion of  toxic 
ingredient 

Mean  per- 
centage of 
germina- 

Mean green 

weight  of 

tops  » 

centage  of 
plants  with 
mesocotyls 

in  solution 

tion  1 

showing  no 

rotting  1 

°C. 

Per  cent 

Per  cent 

Grams 

Per  cent 

No  treatment 

82.4 

82.8 
84.0 
86.8 
85.  2 

6.2 
11.1 
6.3 
3.8 
19.1 

0.8 

io' 

20 
30 
10 

11.7 

Water 

.7 

"'.'25' 

55."3 

;^ 

90.0 

23.4 

77.8 

88.8 

420.6 

92.4 

20 

.25 

84.0 

18.3 

62.9 

.50 

77.2 

18.7 

85.1 

Hydroxymercurichlorophenol 

30 

.75 
.25 

82.0 
90.8 

21.0 
23.0 

81.5 

67.8 

.50 

90.8 

25.7 

90.8 

.75 

90.8 

22.4 

86.8 

36 

.25 

88.0 

20.4 

72.8 

.50 

92.8 

18.3 

88.8 

.75 

93.2 

22.8 

94.4 

10 

.10 

91.2 

22.6 

77.4 

.15 

86.0 

25.2 

86.9 

.25 

95.2 

23.0 

87.4 

20 

.10 

84.0 

20.1 

74.9 

.15 

76.0 

23.2 

86.5 

Acetoxymercurior  thonitrophenol 

30 

.25 
.10 

86.8 
89.2 

23.0 
25.6 

85.2 

86.2 

.15 

90.8 

25.2 

90.3 

.25 

90.8 

21.2 

96.9 

35 

.10 

91.2 

21.0 

96.1 

.15 

92.0 

17.6 

94.0 

.25 

93.2 

17.8 

89.3 

10 

.25 

88.8 

20.8 

73.4 

.50 

85.2 

22.1 

93.5 

.75 

91.2 

20.8 

60.4 

20 

.25 

80.0 

16.3 

68.5 

.50 

82.0 

17.3 

91.6 

Hydroxymercuriortbonitrophenol 

30 

.75 
.25 

83.2 
85.2 

20.9 
25.0 

89.5 

75.8 

.50 

88.8 

27.8 

90.9 

.75 

94.0 

24.6 

64.7 

35 

.25 

89.2 

16.9 

66.8 

.50 

88.8 

20.9 

94.9 

'^ 

.75 

90.0 

19.3 

83.1 

1  Averages  of  results  from  young  corn  plants  growing  in  10  pots  in  each  of  which  25  seeds  had  been  planted, 
the  greenhouse  temperatures  being  22°-24°  C. 

Dust  disinfectants  were  applied  by  shaking  the  seed  and  the  dust 
disinfectant  in  a  pint  or  quart  Mason  jar  for  a  period  of  5  to  10  minutes, 
after  which  excess  dust  not  adhering  to  the  surface  of  the  kernels  was 
screened  off.  For  the  experiments  conducted  in  1927,  1928,  and  1929 
all  the  seed  lots  were  treated  by  the  equipment  illustrated  in  Figure  8. 
For  each  series  of  dust  treatments  the  frame  holding  the  quart  jars 
was  rotated  at  the  rate  of  28  revolutions  per  minute  for  a  period  of  20 
minutes  by  means  of  an  electric  motor.  All  excess  dust  was  removed 
before  the  seed  was  repacketed.  Such  a  machine  makes  possible  a 
more  uniform  and  comparable  application  of  a  large  number  of  treat- 
ments with  different  dusts.  It  also  saves  considerable  time  and  labor 
when  there  are  several  hundred  small  samples  to  be  treated. 

Larger  lots  of  seed  for  machine  planting  were  treated  in  a  barrel 
churn.  The  excess  dust  was  removed  by  allowing  the  grain  to  run 
down  an  inclined  screen,  as  illustrated  in  Figure  9.  One  or  the  other 
of  these  machines  is  satisfactory  for  treating  small  lots  of  seed  for 
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iperiments,  or  in  other 
ly   small   quantities   of 
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Table  14. — Effect  on  the  co 
soaking  seed  at  four  diffei 
and  in  three  concentratic 
thonitrophenol,  and  hydros 


Toxic  ingredient  of  seed-treatment  i 


No  treatment- 
Water 


Hydroxymercu  richlorophenol . 


Acetoxymercuriorthonitrophenol. 


Hydroxymercurior  th  onitrophenoL 


'  Averages  of  results  from  young  cor 
the  greenhouse  temperatures  being  2: 

Dust  disinfectants  W€ 
disinfectant  in  a  pint  or  ( 
after  which  excess  dust : 
screened  off.  For  the  e: 
all  the  seed  lots  were  tre 
For  each  series  of  dust 
was  rotated  at  the  rate  ( 
minutes  by  means  of  an 
before  the  seed  was  rej 
more  uniform  and  comp 
ments  with  different  du^ 
when  there  are  several 

Larger  lots  of  seed  fc 
chum.  The  excess  dus 
down  an  inclined  screen 
of  these  machines  is  sa 
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planting  in  breeding  nurseries,  in  varietal  experiments,  or  in  other 
experimental  field  plots  for  which  relatively  small  quantities  of 
uniformly  treated  seed  are  desired. 

VARIETIES  OF  CORN  AND  SEED  SELECTIONS 

Seed  of  several  standard,  open-pollinated  varieties,  widely  grown 
throughout  central  Illinois,  was  used  in  the  experiments  the  results  of 
which  are  reported  in  this  bulletin.  Among  these  varieties  may  be 
mentioned  University  of  Illinois  Yellow  Dent,  Funk's  Yellow  Dent 
Strain  176-A,  Krug  Yellow  Dent,  Will  County  Favorite,  Golden 
King,  Funk's  Ninety-Day,  Griffith  Early  Dent,  a  first-generation 
cross  known  as  F  i-250,  a  crossbred  strain  Ivnown  as  517,  and  seed 
collected  from  planter  boxes  of  267  farmei*s  in  central  Illinois,  repre- 
senting seed  from  approximately  50  counties. 

Two  principal  standards  were  used  for  evaluating  the  various  seed 
disinfectants.     These  were  (1)  the  effectiveness  of  any  disinfectant  in 


Figure  8.— Equipment  used  for  applj-ing  dust  disinfectants  to  small  quantities  of  seed  corn 


controlling  seed-borne  seedling  blight  diseases,  and  (2)  the  effect  of  the 
disinfectant  on  the  growth  and  yield  of  com  from  high-quality  seed. 
By  seed  selection  based  on  plant,  ear,  and  kernel  characters  and  by  the 
use  of  the  germinator,  seed  lots  were  prepared  that  were  nearly  disease 
free  with  reference  to  seed-borne  diseases.  Different  seed  lots  also 
were  prepared  that  were  susceptible  to  scutellum  rot  on  the  germinator 
and  that  were  naturally  infected  with  Diplodia  zeae,  with  Gibber ella 
saubinetii,  with  Basisporium  gallarum,  with  Fusarium  moniliforme, 
and  with  Cephalosporiuin  acremoniwn,  respectively.  These  seed  lots 
have  been  designated  as  scutellum-rot  susceptible,  Diplodia-infected, 
Gibberella-infected,  Basisporium-infected,  Fusarium-infected,  and 
Cephalosporium-infected,  respectively.  The  use  of  these  specially 
prepared  composites  has  been  found  valuable  in  the  study  of  a  number 
of  seed-treatment  problems. 

All  nearly  disease-free  seed  lots  were  from  eai's  that  bad  been  selected 
on  the  basis  of  ear  and  kernel  characters  known  to  be  associated  with 
61059—31 4 
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better  seed  prior  to  having  been  subjected  to  the  germination  test. 
In  many  cases  these  ears  had  been  selected  from  erect  plants  that 
showed  no  evidence  of  disease.  These  seed  lots  might  properly  be 
considered  good  seed  and  have  been  designated  in  the  tables  both  as 
''nearly  disease-free"  and  as  "good  tested."  Other  seed  lots  tbat 
were  selected  with  equal  care,  but  which  were  not  given  the  additional 
selection  based  on  their  record  in  the  germination  test,  have  been 

designated  as  "good 
untested." 

A  few  seed  lots 
were  prepared  by 
using  the  germina- 
tion test  to  eliminate 
only  the  dead  and 
partly  dead  ears. 
These  seed  lots  did 
not  have  the  benefit 
of  the  selection  with 
reference  to  ear  and 
kernel  characters 
which  was  given  the 
"good  tested"  and 
"good  untested"  seed 
lots.  They  have 
been  designated  as 
"average  seed." 

In  1928  and  1929, 
285  samples  were  col- 
lected in  central  Illi- 
nois from  planters 
during  the  corn- 
planting  season.  The 
points  at  which 
planter-box  samples 
were  collected  are 
indicated  in  Figure 
6 .  A  composite  of  80 
of  these  planter-box 
samples  in  1928  and  a  composite  of  68  samples  in  1929  have  been 
designated  as  "average  farmers*  seed." 

METHODS  OF  OBTAINING  DISEASED-SEED  COMPOSITES 

Through  the  courtesy  of  the  Funk  Bros.  Seed  Co.,  a  supply  of  good- 
appearing  but  diseased  ears  was  made  available  each  year  for  experi- 
mental use.  For  the  most  part  the  diseased  ears  were  classified 
according  to  the  fungi  with  which  they  were  primarily  infected.  After 
further  selection  these  ears  were  tagged  and  numbered.  Twenty 
kernels  from  each  diseased  ear,  10  from  each  side,  were  placed  on  the 
germinator  in  two  parallel  rows,  the  kernels  being  placed  on  the 
germinator  in  the  same  order  in  which  they  were  removed  from  the 
ear,  starting  at  the  butt  of  the  ear  and  ending  at  the  tip. 

In  reading  the  germination  test  for  the  selection  of  Diplodia,  Gib- 
berella,  and  Basisporium  composites,  respectively,  only  the  ears  or 
parts  of  ears  were  taken  that  were  viable  and  also  infected  with  the 
respective  fungi.     The  determinations  of  Fusarium  and  Cephalos- 


FiGURE  9. — Equipment  used  for  applying  dust  disinfectants  to  larger 
quantities  of  seed  than  can  be  treated  conveniently  by  the  equip- 
ment illustrated  in  Figure  8.  The  excess  dust  is  screened  off 
before  the  seed  reaches  the  tub 
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porium  infections  were  checked  by  the  aid  of  a  microscope.  Ears 
bearing  more  than  one  of  the  diseases  under  investigation  were 
rejected. 

Prior  to  packeting,  the  different  seed  composites  were  run  through  a 
grader  to  remove  small,  thin,  and  light  kernels.  Germination  records 
of  some  of  these  diseased  composites  used  in  the  experiments  conducted 
in  1927  are  given  in  Table  15. 

Table  15. — Condition  of  composite  seed  samples  of  yellow  dent  corn  used  in  the 
1927  experiments,  percentages  being  based  on  germination  tests  of  500  kernels 
from  each  seed  lot 


Via- 
bility 

Seed- 
lings 

appar- 
ently 

disease- 
free 

Kernels  showing  visible  infection  with  - 

Germi- 
nating 

Composites 

Diplo- 
dia 

Gibber- 
ella 

Basis- 
porium 

Fusar- 
ium 

Cepha- 
los- 
porium 

kernels 
scutel- 
lima-rot 
suscep- 
tible 1 

Nearly  disease-free              .  

Per  cent 
99.6 
94.8 
95.0 
99.0 
98.2 
98.2 
98.6 

Per  cent 

92.2 

.6 

.8 

0 

1.0 
9.2 
9.0 

Per  cent 

2.6 

91.0 

1.8 

.8 

2.6 

.6 

2.4 

Per  cent 
1.0 
1.6 
88.8 
2.0 
2.4 
4.0 
.6 

Per  cent 
0 
0 
0 

93.0 
0 
0 

Per  cent 

1.4 
.4 

85.2 

.8 

19.6 

Per  cent 
1.6 

""To" 

82.0 
8.2 

Per  cent 
0.8 

1.2 

Gibberella           - 

1.2 

B  asispor  ium 

1.8 

Fusarium        - 

3.0 

Cephalosporium 

1.6 

Scutellum-rot  susceptible 

68.8 

1  For  a  further  description  of  scutellum-rot  susceptible  seedlings,  the  reader  is  referred  to  the  discussion  in 
Illinois  Bulletin  255  {2)  and  the  paper  by  Koehler  (7). 

LABOr.\TORY  AND  GREENHOUSE  METHODS 

For  preliminary  laboratory  and  greenhouse  experiments  extensive 
use  was  made  at  first  of  gallon  jars,  the  lower  two-thirds  of  each  of 
which  was  filled  with  soil  and  the  upper  one-third  with  sand.  The 
untreated  and  treated  seed  were  planted  in  the  wet  sand  and  then 
covered  with  dry  sand.  By  having  the  soil  and  the  sand  in  which  the 
kernels  were  planted  thoroughly  moist,  so  that  water  drained  from  a 
drainage  hole  at  the  bottom  of  the  container  (the  drain  hole  was 
stoppered  afterwards)  before  the  kernels  were  covered  with  dry  sand, 
it  was  not  found  necessary  to  add  additional  water  to  the  jars  imtil 
the  corn  seedUn^s  were  4  or  5  inches  high.  After  the  corn  was  thus 
planted,  the  dramage  holes  of  the  jars  were  stoppered.  The  roots  of 
seedUngs  not  badly  affected  with  Diplodia  zeae  or  Gibberella  saubinetii 
penetrated  the  1^  to  2  inches  of  sand  to  the  soil,  after  which  they 
made  good  growth.  The  roots  of  seedhngs  badly  affected  with 
seedling  blight  seldom  reached  the  soil,  and  consequently  the  seedlings 
succumbed  in  a  short  time.  The  sand  permitted  a  rapid  washing  out 
of  the  crowns  of  the  young  plants  preparatory  to  a  close  examination 
of  the  mesocotyls.  This  method  accentuated  both  the  effects  of  the 
disease  and  the  value  of  the  seed  treatment.  However,  this  method 
was  found  very  satisfactory  for  prehminary  work  in  determining  the 
fungicidal  value  of  a  large  number  of  compounds,  particularly  with 
Diplodia-infected  seed.  Later  a  modification  of  this  method  was 
used  and  described  by  Reddy  and  Holbert  (IS). 

Very  useful  prehminary  data  on  the  fungicidal  value  of  various  com- 
pounds have  been  obtained  by  another  modification  of  the  method 
described  above.  Only  sand  was  used  in  the  gallon  jars,  and  the  drain 
hole  at  the  bottom  was  stoppered  with  glass  wool.     By  setting  a 
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series  of  such  jars  in  a  large  shallow  pan  of  water  a  comparatively 
even  moisture  content  can  be  maintained  if  the  seeds  are  planted  at 
a  uniform  height  from  the  water  level.  A  height  of  4)^  to  5  inches 
gives  a  moisture  content  very  favorable  for  the  development  of 
Diplodia  seedling  blight.  The  arrangement  and  operation  of  this 
equipment  is  illustrated  in  Figure  10.  Such  equipment  may  be  used 
in  any  well-heated  room  with  a  temperature  of  16°  to  22°  C.  to  de- 
termine whether  or  not  a  seed  disinfectant  has  sufficient  merit  to 
justify  further  experimentation. 

Diplodia  seedling  bhght  is  perhaps  more  easily  and  definitely  con- 
trolled by  seed  treatment  than  any  other  seed-borne  seedling-blight 


Figure  10. — A,  Apparatus  used  in  securing  preliminary  infornuiLion  regarding  tlie  fungicidal  value 
of  dust  disinfectants,  using  Diplodia-infected  seed,  a,  treated,  and  b,  untreated.  The  large  pan 
contains  water.  The  glass  jars  have  a  hole  in  the  side  at  the  bottom,  stoppered  with  glass  wool, 
and  contain  sand,  as  explained  in  the  text.  B,  Seedlings  removed  from  the  sand  in  the  jars  shown 
in  A:  n-1.  Seed  treated,  seedlings  healthy;  a-2,  seed  treated,  seedlings  diseased;  6-1,  seed  not  treated, 
seedlings  healthy;  6-2,  seed  not  treated,  seedlings  diseased 

disease  of  corn.  On  this  account  Diplodia-infected  seed  was  used 
extensively  in  preliminary  experiments.  In  such  work  there  is  much 
advantage,  from  the  standpoint  of  securing  accurate  results  rather 
quickly,  in  maintaining  temperatures  and  moistures  that  favor  the 
maximum  development  of  this  disease.  Data  presented  in  Tables  1 
and  2  show  that  the  germination  and  growth  of  corn  from  Diplodia- 
infected  seed  is  influenced  very  largely  by  changes  in  either  tempera- 
ture or  moisture.  In  the  data  shown  in  Table  1  there  was  an  increase 
in  germination  from  36.0  per  cent  at  10°  C.  to  80.8  per  cent  at  30°. 
At  the  lower  temperatures  the  difference  between  untreated  and 
treated  Diplodia-infected  seed  was  in  the  germination  percentage, 
but  above  25°  the  difference  was  largely  in  the  percentage  of  seedling 
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blight.  In  view  of  these  facts,  and  also  of  the  fact  that  a  relatively 
high  soil-moisture  content  favors  the  development  of  Diplodia  seed- 
ling blight  (Table  2),  preliminary  experiments  in  the  laboratory  and 
greenhouse  with  various  seed-treatment  compounds  WQi'e  conducted 
by  growing  corn  from  treated  and  from  untreated  Diplodia-infected 
seed  in  pots,  as  described  above,  a  high  soil-moisture  content,  60  to 
65  per  cent  of  moisture-holding  capacity,  at  a  temperature  of  22°  to 
25°  being  maintained. 

METHODS  USED  IN  FIELD  EXPERIMENTS 

Laboratory  and  greenhouse  experiments  with  seed-treatment  com- 
pounds are  invaluable  for  the  purpose  of  eliminating  those  compounds 
which  are  too  low  in  fungicidal  value  and  also  those  which  may  have 
a  marked  depressing  effect  upon  the  growth  of  corn  seedlings.  The 
use  of  some  disinfectants  that  have  stood  comparatively  high  in  all 
the  laboratory  and  greenhouse  studies,  however,  has  had  a  signifi- 
cantly detrimental  effect  on  the  yield  of  corn  from  good  seed.  A  few 
seed  disinfectants  that  have  never  given  the  highest  disease  control 
under  laboratory  conditions  have  stood  consistently  high  in  almost 
all  field  experiments.  The  yield  of  some  strains  of  corn  has  been 
benefited  remarkably  by  certain  seed-treatment  compounds,  while 
the  yield  of  other  strains  of  corn,  comparable  in  seed  condition,  has 
been  reduced  significantly  by  treatment  with  the  same  compounds. 
Again,  soil  and  climatic  conditions  have  an  important  influence  on 
the  final  effect  of  seed  treatments  on  yield  of  grain.  From  these  con- 
siderations it  seems  evident  that  the  value  of  different  seed  disinfect- 
ants in  giving  partial  disease  control  and  in  influencing  yield  must 
be  established  by  repeated  field  experunents  that  include  a  wide 
range  of  soil  and  climatic  conditions  over  a  period  of  years  and, 
preferably,  with  several  strains  of  corn. 

Two  different  types  of  field-plot  arrangement  have  been  used, 
namely,  the  single  or  2-row  plots,  24  to  40  hills  in  length  (84  to  140 
feet),  and  the  rectangular  plots,  3  to  5  hills  wide  and  8  to  10  hills 
long.  In  either  arrangement  of  individual  plots  an  untreated  check 
was  always  contiguous  to  a  plot  planted  with  treated  seed.  In  most 
of  the  field  experiments  conducted  in  1927  and  prior  to  that  date  the 
plots  were  replicated  eight  times.  In  a  few  instances  10  and  12 
replications  were  used.  In  the  experiments  conducted  in  1928  and 
in  1929,  8,  10,  12,  16,  and  20  replications  were  used.  Undoubtedly 
there  are  some  distinct  advantages  in  the  larger  number  of  replica- 
tions. 

The  use  of  diseased  seed  adds  considerably  to  the  variability  in  the 
acre  yield  from  the  untreated  checks  (Table  16).  Corn  grown  from 
diseased  seed  is  more  susceptible  to  injury  from  unfavorable  soil 
environment  than  is  corn  grown  from  good  seed.  In  each  of  the 
three  varieties  mentioned  in  Table  16  there  is  less  variabiUty  in  the 
yield  of  corn  from  untreated  nearly  disease-free  seed  than  from  the 
untreated  diseased-seed  lots.  Seed  treatment  reduced  variability  in 
yield  of  corn  from  both  nearly  disease-free  seed  and  from  diseased 
seed  in  nearly  every  instance.  (Tables  16  and  17.)  In  series  9  and 
10  in  Table  16,  where  there  were  a  few  poorly  drained  spots,  seed 
treatment  reduced  the  variability  in  acre  yield  of  corn  from  good  seed 
from  7.6  per  cent  to  5.0  per  cent  and  from  9.4  per  cent  to  4.5  per  cent. 
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The  effect  of  seed  treatment  in  reducing  variability  in  yield  of  corn 
from  good  seed,  even  on  well-drained  productive  soil,  has  been 
observed  very  often.  This  reduction  of  variability  in  yield  from 
treated  seed  may  be  due  in  part  to  a  protective  action  of  the  seed 
treatment  in  preventing  injury  from  soil  organisms  and  also  to  the 
uniformly  higher  field  stands  from  treated  seed  than  from  untreated 
seed. 

Table  16. — Variability  in  acre  yield  of  yellow  dent  corn  from  untreated  and  treated 
nearly  disease-free  seed  and  from  untreated  and  treated  seed  infected  with  Diplodia^ 
Gibberella,  and  Basisporium,  respectively,  Bloomington,  III.,  1927 


Variety 

Series 

Seed  condition 

Variability  in  acre 
yield  from  seed- 

Variation 

in  acre 

yield  from 

treated 

seed  of  a 

first-gener- 

Untreated 

Treated 

ation  cross 
used  as  a 
soil  check 
in  every 
fifth  row 

1 
2 
1          3 
4 
5 

1  I 

1    1! 

Nearly  disease-free  * 

Per  cent 

16.3 

5.4 

21.8 

16.4 

10.4 

3.2 

11.2 

8.7 

7.6 

9.4 

14.8 

Per  cent 
8.0 
4.2 
10.0 
11.7 
8.5 
5.0 
5.4 
6.9 
5.0 
4.5 
6.2 

Per  cent 
4.8 

do 

3.2 

176-A 

Diplodia-infected-                          .  . 

5.5 

Gibberella-infected 

6.6 

6.3 

Fi-250 

Diplodia-infected 

Basisporium-infected 

5.6 

Nearly  disease-free 

90-Day 

Good  untested 

Diseased 

1  This  series  had  a  much  higher  percentage  of  lodged  plants  than  series  2  planted  from  the  same  seed  lot 

Table  17. — Variability  in  acre  yield  of  yellow  dent  corn  from  untreated  and  treated 
nearly  disease-free  seed  and  from  untreated  and  treated  seed  infected  with  Di- 
plodia  and  Gibberella,  respectively,  Bloomington,  III.,  1928  and  1929 


Variety 

Series 

Seed  condition 

Variability  in  acre 
yield  from  seed- 

Untreated 

Treated 

90-Day ..._ 

11 
2 

13 
4 

5 

Nearly  disease-free 

Per  cent 

Per  cent 
6.3 

Do... 

Diplodia-infected . 

13.8 

9  4 

Do 

Nearly  disease-free 

7.4 

Do 

Gibberella-infected.., 

19.1 
16.8 

9.3 

Commercial  hybrid  250 

Diplodia-infected 

8  4 

Soil  check. 


In  experiments  where  there  are  wide  variations  in  the  yields  from 
plots  of  corn  grown  from  untreated  seed  and  where  it  is  desired  to 
compare  a  number  of  seed-treatment  compounds,  frequently  occur- 
ring soil  checks  planted  with  good  seed  are  very  essential.  Soil  checks 
in  which  nearly  disease-free  seed  has  been  used  furnish  a  basis  for 
correcting  the  widely  varying  yields  of  individual  plots  from  untreated 
seed,  especially  from  diseased  seed.  Since  the  use  of  seed  treatment 
may  reduce  still  further  the  variation  in  the  yield  of  plots  planted 
with  good  seed  (Tables  16  and  17),  the  seed  used  for  planting  the  soil 
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checks  was  treated  with  cyanmercuricresol  (S.  F.  A.  No.  225).  This 
dust  disinfectant  was  chosen  as  a  treatment  for  soil  checks  because 
it  is  one  of  the  best  treatments  for  com,  and  also  because  it  was  not 
on  the  American  market  in  competition  with  other  dust  disinfectants. 

Where  it  is  desirable  to  compare  the  effects  of  a  number  of  seed 
treatments  on  several  selections  of  corn,  the  use  of  treated  nearly 
disease-free  seed  of  a  well-selected  strain  of  com  to  serve  as  a  soil 
check  is  very  necessary.  In  many  of  the  experiments  every  fifth 
plot  was  planted  with  treated  nearly  disease-free  seed  of  a  good  first- 
generation  cross,  the  intervening  four  plots  being  planted  with  an 
untreated  check,  two  treated  plots,  and  a  second  untreated  check. 
The  data  presented  in  Table  16  are  from  an  experiment  having  such 
a  planting  plan.  There  was  much  less  variability  in  the  yield  of  the 
soil  check  in  every  fifth  row  planted  with  a  first-generation  cross  than 
there  was  in  the  yield  of  the  untreated  and  treated  seed  planted  in 
the  intervening  rows. 

Another  arrangement  that  proved  equally  satisfactory,  and  in 
some  respects  more  so,  was  as  follows: 

Plot  1.  Soil  check. 
Plot  2.  Untreated  seed. 
Plot  3.  Soil  check. 
Plots  4-6.  Treated  seed. 
Plot  7.  Soil  check. 
Plot  8.  Untreated  seed. 
Plot  9.  Soil  check,  etc. 

The  data  in  Table  17  are  from  an  experiment  in  which  the  second 
planting  arrangement  was  used.  The  variability  in  field  stands  of 
com  from  untreated  diseased  seed  that  usually  obtains,  even  in 
comparatively  small  experimental  plots,  is  illustrated  in  Figure  11. 
The  differences  in  the  stands  of  the  three  rows,  14,  20,  and  92,  from 
untreated  Diplodia-infected  seed,  were  due  largely  to  differences  in 
soil  moisture  during  the  week  following  planting.  The  conditions 
responsible  for  the  heavy  development  of  seedling  bhght  in  row  92 
and  the  subsequent  reduction  in  stand,  there  being  only  one  plant 
left,  apparently  did  not  have  any  detrimental  effect  on  the  growth 
of  com  from  good  seed  in  the  adjacent  rows,  91  and  93. 

The  importance  of  using  a  soil  check  planted  with  treated  nearly 
disease-free  seed  in  experimental  field  plots,  the  object  of  which  is  to 
determine  the  comparative  effectiveness  of  several  seed  disinfectants, 
is  still  further  emphasized  by  the  data  presented  in  Table  18.  In 
spite  of  the  fact  that  each  dust  treatment  was  compared  directly 
with  an  adjacent  untreated  2-row  plot  (Table  18),  and  that  these 
data  represent  the  averages  of  eight  replications,  there  is  a  difference 
of  5.5  bushels  between  the  lowest  and  highest  yielding  set  of  eight 
replications  planted  with  the  same  lot  of  untreated  nearly  disease- 
free  seed.  The  range  between  the  lowest  and  highest  average  yield 
of  the  different  treatments  is  only  1.4  bushels.  The  average  of  the 
six  sets  of  untreated  plots  is  57.3  bushels,  with  a  standard  deviation 
of  2.086.  The  average  of  the  six  sets  of  corresponding  treatments  is 
59.5  bushels,  with  a  standard  deviation  of  0.529.  It  is  interesting 
to  compare  the  increases  in  yield  for  the  individual  treatments  with 
the  difference  in  yield  between  each  set  of  untreated  plots  and  the 
average  yield  of  the  six  treatments,  59.5.  It  will  be  observed  that 
the  size  of  the  increases  in  yield  for  the  different  treatments  is  directly 
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PiQUBE  11.— Representative  portions  Of  field  plots  grown  from  the  same  seed  compos- 
ites of  Diplodia-infected  and  uninfected  yellow  dent  corn,  untreated  or  treated  as  in- 
dicated, grown  on  the  same  type  of  soil  near  Bloomington,  111.,  in  1927,  showing 
differences  in  stand  from  the  untreated  Diplodia-infected  seed  (rows  14, 20,  and  92) 
due  largely  to  differences  in  soil  moisture  following  planting.  A  and  B  had  rela- 
tively low  soil  moisture,  and  C  had  relatively  high  soil  moisture  following  planting 
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proportional  to  the  extent  which  the  yield  of  each  set  of  untreated 
plots  falls  below  the  productive  capacity  of  the  field,  approximately 
60  bushels.  Taking  the  data  as  they  are  in  Table  18,  dusts  2  and  6 
are  outstandingly  better  than  any  of  the  other  dusts,  as  judged  by 
the  increases  in  yield  following  their  use.  They  were  the  only  dusts 
producing  a  statistically  significant  increase  in  yield.  However,  in 
other  experiments  in  which  the  yields  of  the  untreated  plots  were 
corrected  on  the  basis  of  their  average  yield  in  relation  to  the  yield 
of  the  soil  checks  planted  with  treated  nearly  disease-free  seed  in  the 
same  series  of  plots,  the  results  were  very  different. 

Table  18. — Acre  yields  ^  of  yellow  dent  corn  from  nearly  disease-free  seed,  un- 
treated and  treated  vrith  six  dust  disinfectants,  central  Illinois,  1927 


Acre  jleld  from 
seed- 

Increase  in 
yield  fol- 
lowing 
treatment 

Difference 
between 
average 

yield  of  all 

Dust  disinfectant 

Untreated 

Treated 

treated 
plots  (59.5 
bushels) 
and  each 
set  of  un- 
treated 
plots 

No.  1 

Bushels 
57.3 
54.6 
58.5 

»6G.l 
58.8 
54.6 

Bushels 
59.3 
58.9 
60.3 
60.2 
59.3 
59.2 

Bushels 
2.0 

2  4.3 
1.8 

.1 
.5 

3  4.6 

Bushels 
2.2 

No.  2 

4.9 

No.  3 

1.0 

No.  4._.      -. -     

1.6 

No.  5 

.7 

No.  6 -- --- 

4.9 

Average . .  .. .  . 

57.3 
2.086 

59.5 
.529 

Standard  deviation 

1  Average  of  8  replications. 

2  Odds  more  than  30  to  1. 

»  An  increase  of  0.6  bushel  over  average  yield  of  59.5  bushels. 

In  this  particular  experimental  plot  much  of  the  soil  heterogeneity 
was  due  to  disease  factors  controllable  by  seed  treatment  and  not  to 
differences  in  potential  soil  productivity.  A  larger  number  of  repli- 
cations and  repetitions  over  a  period  of  years  would  not  necessarily 
overcome  errors  of  this  nature,  due  to  the  lack  of  an  adequate  soil 
check,  in  results  from  experiments  the  object  of  which  is  a  comparison 
of  the  usefulness  of  a  number  of  seed-treatment  compounds. 

The  great  majority  of  the  plots  were  planted  by  hand,  precautions 
being  taken  to  prevent  any  of  the  dust  disinfectants  coming  in  con- 
tact with  the  untreated  seed  and  also  to  avoid  any  mixing  of  the  disin- 
fectants. The  corn  was  not  thinned  to  a  uniform  stand.  One  of 
the  benefits  that  may  follow  the  use  of  satisfactory  seed  treatments, 
from  the  standpoint  of  commercial  practice,  is  the  improved  field 
stands  that  frequently  are  secured  from  treated  seed.  Accompany- 
ing the  increase  in  stand,  or  occurring  independently,  there  may  be 
a  marked  improvement  in  the  vegetative  vigor  and  general  appear- 
ance of  the  corn  from  treated  seed. 

Yields  were  separated  into  marketable  and  unmarketable  grades 
and  reduced  to  a  uniform  moisture  basis. 
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In  addition  to  the  large  experimental  field  plots  at  Bloomington 
and  Urbana,  many  plots  were  conducted  at  widely  separated  points 


Figure  12.— Points  in  Illinois  at  which  field  experimental  plots  for  seed-treatment  studies  were 

located 

in  Illinois,  as  indicated  in  Figure  12.  Although  each  individual  field 
experiment  was  located  on  as  uniform  soil  as  was  available,  an  effort 
was  made  to  use  soils  varying  widely  in  productivity  and  previous 
cropping. 
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EXPERIMENTAL  DATA  AND  DISCUSSION 

PROBLEMS  ENCOUNTERED  IN  SELECTING  SATISFACTORY  CORN-SEED 
DISINFECTANTS 

A  discussion  of  some  of  the  difficulties  encountered  in  determining 
the  value  of  many  corn-seed  disinfectants  furnishes  a  basis  for  the 
interpretation  of  the  data  presented  later.  Such  a  discussion  also 
gives  background  for  an  appreciation  of  the  qualifications  that  a 
corn-seed  disinfectant  should  possess. 

LABORATORY,  GREENHOUSE,  AND  FIELD  STUDIES  ALL  ESSENTIAL 

Prehminary  greenhouse  and  laboratory  experiments  are  indispen- 
sable for  the  rapid  ehmination  of  numerous  compounds  and  concen- 
trations that  obviously  could  have  only  doubtful  value  as  corn-seed 
disinfectants.  And,  more  important,  greenhouse  and  laboratory 
studies  are  invaluable  for  the  selections  of  compounds,  and  the 
approximate  concentrations  of  such  compounds,  sufficiently  promising 
to  be  included  in  field  experiments.  To  conduct  adequate  field 
experimentation  on  any  individual  compound  requires  several  experi- 
mental field  plots  representing  dift'erent  soil  types  and  wide  variations 
in  soil  moisture,  soil  temperature,  and  soil  productivity.  On  this 
account  only  those  compounds  which  in  greenhouse  and  laboratory 
studies  show  evidence  of  possessing  some  of  the  necessary  qualifica- 
tions of  corn-seed  disinfectants  were  used  in  the  more  extensive  field 
experiments. 

Copper  carbonate  and  many  compounds  useful  in  the  control  of 
vegetable  and  fruit  diseases  have  not  been  found  effective  in  reducing 
the  seedling  diseases  of  corn.  Copper  carbonate  (Table  19)  did  not 
reduce  Diplodia  seedling  blight  in  the  greenhouse  and  reduced  it 
only  slightly  in  the  field.  On  the  other  hand,  mercurized  acetaldehyde 
typical  of  many  other  compounds  in  its  effect  on  corn,  gave  partial 
control  of  Diplodia  seedling  blight  in  the  greenhouse,  with  an  increase 
in  yield  of  8.5  bushels  in  the  field. 


Table  19. — Comparison  of  data  from  experiments  conducted  in  the  greenhouse  and 
in  the  field  on  a  number  of  seed-treatment  compounds,  using  nearly  disease-free 
seed,  Diplodia-infected  seed,  and  Gibberella-infected  seed,  central  Illinois,  1925 
and  1926 


Form  of  seed- 
treatment 
compound 


Dust..- 
Do. 

Liquid. 
Do. 
Do. 

Dust... 
Do. 

Liquid. 

Dust- 
Do. 

Liquid - 

Dust... 


Toxic  ingredient 


Copper  carbonate 

Mercurized  acetaldehyde 

HydroxymercuriorthochlorophenoL 
Hydroxymercuriorthonitrophenol.- 

Copper  salt  in  miscible  oil 

H  ydroxymerouriparanitr  ophenol .  _ . 
H  ydr  oxymercurior  thonitrophenol . . 
Acetoxymercuriorthonitr  ophenol . . . 

Hydroxymercuricresol 

Hydroxymercurichlorophenol 

do 


C  yanmercuricresol . 


Data  from  green- 
house experi- 
ments with  un- 
treated and  treat- 
ed Diplodia-in- 
fected seed 


Green 

weight 

of  tops 

Grams 

7.6 

19.1 

25.7 

27.8 

23.3 

23.1 

24.1 

25.2 

22.2 

22.9 

24.6 

23.2 

Plants 
with  mes- 

ocotyls 
showing 
no  rotting 


PCT 


cent 
0 

59.6 
90.8 
90.9 
46.9 
8L0 
69.7 
90.3 
73.5 
74.0 
89.5 
84.0 


Increase  (+)  or  decrease  (— ) 
in  acre  yield  following  seed 
treatment 


Nearly 

Diplodia- 

disease- 

infected 

free  seed 

seed 

Bushels 

Bushels 

+1  0 

+8.5 

+L9 

-M8. 1 

-2.1 

+19.3 

+.5 

+13.1 

-3.7 

+10.7 

-f8.8 

+15.8 

-10.6 

+7.4 

-j-2.6 

+9.6 

-.3 

+9.3 

-L7 

+6.3 

+.8 

+10.5 

Gibber- 
ella-in- 
fected 


Bushels 


+6.3 

+7.0 

+7.3 

+16.6 


+8.9 
+4.9 
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Other  compounds  gave  better  disease  control  in  the  greenhouse 
than  mercurized  acetaldehyde,  and  their  use  resulted  in  greater 
increases  in  the  yield  of  corn  from  Diplodia-infected  seed.  Indis- 
pensable as  they  are,  however,  there  seems  to  be  a  limit  to  the  extent 
to  which  favorable  laboratory  and  greenhouse  results  from  the  use  of 
any  corn-seed  disinfectant  can  be  used  as  an  indication  of  favorable 
results  that  are  likely  to  follow  the  extensive  use  of  the  same  seed 
disinfectant  in  the  field.  For  example,  hydroxymercuriorthochloro- 
phenol  and  hydroxy mercuriorthonitrophenol  (Table  19)  each  pro- 
duced a  very  high  degree  of  disease  control  in  the  greenhouse,  the 
latter  being  somewhat  better  from  the  standpoint  of  weight  of  tops. 
But,  used  in  the  field  on  good  seed,  the  former  gave  an  increase  of 
1.9  bushels  in  yield  and  the  latter  a  decrease  of  2.1  bushels  that  was 
statistically  significant. 

Again,  compounds  that  give  apparently  almost  perfect  disease 
control  under  greenhouse  conditions,  and  with  no  perceptibly  depres- 
sing effects  on  the  growth  of  corn  from  good  seed  under  the  same 
conditions,  may  be  disappointing  under  some  conditions  when  used 
in  field  experimental  plots.  Hydro xymercuriparanitrophenol  gave 
much  better  disease  control  in  the  greenhouse  than  the  copper  salt 
(Table  19),  81.0  per  cent  of  clean  mesocotyls  from  the  use  of  the 
former  as  compared  with  only  46.9  per  cent  from  the  latter.  In  the 
field,  however,  the  copper  salt  gave  better  results  on  both  good  seed 
and  Diplodia-infected  seed.  Contrast  in  the  results  from  greenhouse 
and  field  study  is  even  greater  in  the  comparison  of  hydroxymercuri- 
orthonitrophenol  and  acetoxymercuriorthonitrophenol  in  Table  19. 
The  latter  produced  very  favorable  results  in  the  greenhouse,  but  its 
use  on  good  seed  in  the  field  was  followed  by  a  decrease  in  yield  of 
10.6  bushels. 

In  many  preliminary  greenhouse  experiments  hydroxymercuri- 
cresol  and  hydroxymercurichlorophenol  as  dusts  gave  very  similar 
results.  (Table  19.)  But  the  former  dust  consistently  produced  a 
more  satisfactory  effect  than  the  latter  on  the  yield  of  corn  from  good 
seed  in  field  experiments. 

Under  some  greenhouse  conditions,  liquid  treatment  with  hydroxy- 
mercurichlorophenol gave  slightly  better  indications  than  cyanmer- 
curicresol  as  a  dust.  Such  results  are  usually  reversed  in  field  experi- 
ments. (Table  19.) 

Up  to  the  present  time  it  has  been  the  experience  of  the  writers 
that  the  compounds  and  concentrations  of  those  compounds  which 
were  the  most  effective  in  disease  control  under  greenhouse  and  lab- 
oratory conditions  seldom  give  the  most  favorable  results  in  the  field. 
Compounds  that  are  sufficiently  toxic  to  give  complete  disease  con- 
trol frequently  have  a  depressing  effect  on  the  yield  of  com  from 
good  seed.  On  the  other  hand,  those  compounds  having  little  fungi- 
cidal value  under  greenhouse  and  laboratory  conditions  and  those 
inhibiting  growth  under  greenhouse  and  laboratory  conditions  do  not 
need  further  trial  in  the  field  to  justify  their  elimination. 

Seed  lots  that  are  used  for  planting  in  the  Corn  Belt  usually  con- 
tain a  mixture  of  good  seed  and  diseased  seed.  The  nature  of  the 
infection  varies  greatly  in  different  seed  lots,  from  season  to  season, 
and  in  different  localities.  It  is  highly  important,  therefore,  for  a 
satisfactory  corn-seed  disinfectant  to  have  the  best,  disease-control 
qualities  possible  without  combining  with  such  qualities  imdesirable 
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properties  that  cause  depressing  effects  on  the  growth  of  com  from 
the  good  seed  in  the  same  seed  lot.  The  laiowledge  of  a  proper 
balancing  of  all  the  ingredients  in  any  satisfactory  corn-seed  disin- 
fectant, in  order  to  secure  these  beneficial  results  from  seed  treatment, 
can  be  obtained  only  by  extended  study  both  in  the  laboratory  and 
in  the  field. 

There  is  great  need  for  standardized  laboratory  methods  for  quick 
and  accurate  determination  of  the  efficiency  of  new  seed-treatment 
compounds  as  they  appear  on  the  market,  but,  up  to  the  present 
time,  the  writers  have  not  found  any  reliable  short  cut  that  can  replace 
field  experiments  conducted  under  a  wide  range  of  environmental 
conditions  with  different  strains  of  com. 

SEED    DISINFECTANTS    NOT    EQUALLY    EFFECTIVE    IN    CONTROLLING    ALL    DISEASES 

A  corn-seed  disinfectant  may  be  very  effective  in  controlling  one 
seed-borne  disease  and  at  the  same  time  be  relatively  ineffective  in 
the  control  of  some  other  equally  important  seed-borne  disease. 
Basic  mercuric  acetate  has  controlled  Diplodia  seedling  blight  equally 
as  well  as  has  hydroxymercurichlorophenol.  (Table  20.)  The  use  of 
the  former  gave  an  increase  in  yield  of  10.9  bushels,  and  the  latter  10.3 
bushels.  Basic  mercuric  acetate,  however,  gave  only  a  slight  increase 
in  yield  when  used  on  Gibberella-infected  seed.  Hydroxymercuri- 
chlorophenol gave  an  increase  of  11.2  bushels. 

Table  20. — Comparison  of  efficacy  of  some  seed-treatment  corn-pounds  in  controlling 
each  of  two  or  more  seed-borne  diseases,  central  Illinois,  1924,  1926,  and  1927 


Form  of  seed- 
treatment 
compound 

Toxic  ingredient 

Kind  of  diseased  seed  used 

Increase  i 

in  acre 

yield 

following 

treatment 

/Diplodia-infected 

Bushels 
10.9 

\  Gibberella-infected 

• 

fDiplodia-infected ---..-.  ..- 

10.3 

\ Gibberella-infected  . 

9.9 

\Gibberella-infected 

Hydroxymercurichlorophenol 

Liquid 

6.3 

\Gibberella-infected  .  . 

do 

fDiplodia-infected 

14.3 

Hydroxymercuricresol 

(.Miscellaneously  infected -  _ 

«.  2 

Do. 

fDiplodia-infected 

16.9 

\Miscellaneously  infected 

'  Average  of  8  paired  comparisons. 

2  Odds  less  than  30  to  1;  all  others  greater  than  30  to  1. 

Again,  hydroxymercurinitrophenol  gave  an  increase  of  9.9  bushels, 
as  compared  with  6.3  bushels  from  hydroxymercurichlorophenol,  when 
used  on  Diplodia-infected  seed.  (Table  20.)  But  hydroxymercurini- 
trophenol, in  this  experimental  plot,  was  not  effective  in  controlling 
Gibberella  seedling  blight. 

Hydroxymercurichlorophenol,  prepared  for  use  as  a  dust,  increased 
the  yield  of  Diplodia-infected  seed  14.3  bushels  (Table  20)  and  was 
effective  in  reducing  injury  from  Gibberella  seedling  blight  under  the 
conditions  represented  in  this  experiment.  But  this  dust  disinfectant 
gave  only  a  slight  increase  in  yield  on  seed  slightly  infected  with  a 
number  of  miscellaneous  organisms,  as  compared  with  an  increase  of 
8.6  bushels  following  the  use  of  hydroxymercuricresol. 
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A  seed-treatment  compound  capable  of  controlling  only  one  seedling- 
blight  disease  was  found  to  give  widely  differing  results  on  different 
seed  lots  and  in  different  localities.  In  order  for  a  corn-seed  treatment 
compound  to  give  consistently  beneficial  results  it  is  very  necessary 
for  that  compound  to  have  a  wide  range  of  toxicity  and  to  be  reason- 
ably effective  in  the  control  of  all  the  more  important  seed-borne 
diseases  and  at  the  same  time  to  cause  a  minimum  amount  of  injury 
to  good  seed. 


SOME   TREATMENTS    CONTROL    DIPLODIA    SEEDLING    BLIGHT    BUT   ARE    HARMFUL  TO 

GOOD    SEED 

A  few  seed  disinfectants  were  used  to  which  there  appeared  to  be 
no  objection  from  the  standpoint  of  enabling  corn  grown  from  Dip- 
lodia-infected  seed  to  make  a  maximum  yield,  but  which  caused 
statistically  significant  reductions  in  the  yield  of  corn  from  good  seed. 
Mercuric  thiocyanate,  used  as  a  seed  disinfectant  on  Diplodia-infected 
seed,  gave  as  large  an  increase  in  yield  as  could  be  expected,  the  treated 
Diplodia-infected  seed  yielding  73.6  bushels  as  compared  with  74.9 
bushels  from  untreated  nearly  disease-free  seed.  (Table  21.)  This 
same  treatment  on  good  seed,  however,  was  followed  by  a  decrease  in 
yield  of  9.3  bushels,  with  odds  of  587  to  1 .  Corn  grown  from  Diplodia- 
infected  seed  treated  with  a  dust  containing  a  mixture  of  hydroxymer- 
curichlorophenol  and  hydroxymercuricuprinitrophenol  yielded  a  little 
more  than  good  seed  untreated,  40.1  bushels  compared  with  38.3 
bushels.  (Table  21.)  But  corn  grown  from  good  seed  treated  with 
this  dust  yielded  4.3  bushels  less  than  corn  from  untreated  seed. 
Similar  beneficial  effects  on  the  yield  of  corn  from  Diplodia-infected 
seed  and  depressing  effects  on  the  yield  of  corn  from  good  seed  were 
obtained  with  mercuric  chloride  and  the  dust  containing  a  mixture 
of  hydroxymercurichlorophenol  and  hydroxymercurinitrophenol. 
Corn  from  diseased  seed  frequently  has  been  observed  to  be  more 
resistant  to  injury  from  certain  seed  disinfectants  than  has  corn  from 
good  seed.     No  explanation  for  this  is  offered. 

Table  21. — Data  showing  the  depressing  effect  on  the  yield  of  corn  from  good  seed 
of  some  seed  treatments  that  were  effective  in  controlling  Diplodia  seedling  blight, 
central  Illinois,  1925,  1926,  and  1927 


Form  of  seed- 
treatment 
compound 

Toxic  ingredient 

Acre     yield     from 
Diplodia-infected 
seed 

Acre 
yield  from 
untreated 
nearly 
disease- 
free  seed 

Reduction  in  acre 
yield     following 
treatment    of 
nearly    disease- 
free  seed 

Untreated 

Treated 

Liquid 

Mercuric  thiocyanate  _           .    - 

Bushels 
58.7 
3L3 

33.0 
32.0 

Bushels 
73.6 
40.1 

39.8 
63.4 

Bushels 
74.9 
38.3 

40.3 
55.4 

Bushels 
9.3 
4.3 

5.1 
5.1 

Odds 
587:1 

Dust 

Mixture  of  hydroxymercurichloro- 
phenol and  hydroxymercuricupri- 
nitrophenol. 

Mercuric  choloride 

24:1 

Do.- 

32:1 

Do 

Mixture  of  hydroxymercurichloro- 
phenol and  hydroxymercurinitro- 
phenol. 

100:1 

Results  similar  to  those  reported  in  Table  21  probably  would  not 
always  be  obtained  from  the  use  of  these  compounds  or  those  having 
such  properties.  But  the  fact  that  such  compounds  may  have  a 
depressing  effect  on  the  yield  of  corn  from  good  seed  is  sufficient  cause 
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to  disqualify  them  for  general  use  until  the  property  causing  the 
depressing  effect  on  the  yield  of  corn  from  good  seed  can  be  overcome 
by  a  modification  of  the  formula  under  which  the  compound  is  manu- 
factured. 


EXTENT    OF    INJURY    FROM    UNSATISFACTORY    SEED    DISINFECTANTS     VARIES    UNDER 
DIFFERENT    ENVIRONMENTS 

Some  seed  disinfectants,  particularly  those  prepared  for  use  as 
dusts,  may  give  significant  increases  in  the  yield  of  corn  froni  good 
seed  under  one  environment  and  cause  marked  depressions  in  the 
yield  of  corn  from  the  same  lot  of  good  seed  under  other  environments. 
In  Illinois  a  dust  whose  toxic  ingredient  was  a  mixture  of  mercurous 
chloride  and  mercuric  chloride  gave  an  increase  in  jdeld  of  2.8  bushels 
at  De  Kalb  and  a  decrease  of  9.0  bushels  in  an  experimental  plot  at 
Bloomington.  (Table  22.)  Hydroxymercuriparanitrophenol  gave  an 
increase  of  3.1  bushels  at  Bloomington  and  a  decrease  of  3.7  bushels 
at  Urbana.  The  use  of  mercuric  chloride  resulted  in  a  decrease  in 
yield  at  both  Bondville  and  Urbana,  but  the  decrease  was  much 
greater  at  the  former  place,  2.9  bushels  as  compared  wdth  0.8  bushel. 
The  dust  containing  a  mixture  of  hydroxymercurichlorophenol  and 
hydroxymercurinitrophenol  gave  decreases  at  both  Urbana  and 
Bloomington.  (Table  22.)  At  Urbana  the  decrease  was  only  sHght, 
but  at  Bloomington  the  decrease  was  5.1  bushels.  Mercuric  amino 
chloride  gave  an  increase  of  5.3  bushels  at  Hillsdale  and  a  decrease  of 
4.6  bushels  at  McNabb.  Hj^droxymercurinitrophenol  may  give 
marked  control  of  Xjibberella  seedling  blight  under  one  environment 
and  very  little  control  imder  another  environment.     (Table  22.) 

Table  22. — Comparison  of  effects  following  the  use  of  some  seed-treatment  compounds 
used  as  dust  disinfectants  where  corn  was  grown  from  the  same  lots  of  treated 
and  untreated  seed  at  different  places  in  central  Illinois,  1925-1927 


Toxic  ingredient  in  seed-treatment 
compound 

Kind  of 
seed 

Location  in 
Illinois 

Increase  or  decrease  in  acre  yield  fol- 
lowing seed  treatment 

In- 
crease 

Odds 

De- 
crease 

Odds 

Good 

...do 

—do 

...do 

.-do- 

Qibberella- 
infected. 

/DeKalb 

\Bloomington 

Bushels 
2.8 

18:1 

Bushels 

mercuric  chloride 

9.0 

547:1 

Hydroxymercuriparanitrophenol 

f— -do 

lUrbana 

3.1 

35:1 

3.7 
2.9 
.8 
.6 
5.1 

40:1 

/Bondville 

60:1 

lUrbana 

1:1 

Mixture    of    hydroxymercurinitro- 
phenol and  hydroxymercurichlo- 
rophenol. 

r_ do 

\Bloomington  . 

1:1 
100:1 

/Hillsdale 

\McNabb     ... 

5.3 

8:1 

4.6 

80:1 

Hydroxymercurinitrophenol 

("Bloomington. - 
\Lincoln 

14.7 
3.1 

>9, 999:1 
3:1 

The  above  data  emphasize  the  importance  of  locating  experimental 
plots  at  a  number  of  places.  Experimental  dust  disinfectants  whose 
use  has  been  followed  by  beneficial  results  in  one  locality  and  adverse 
results  in  other  localities  were  not  included  in  further  field  experi- 
ments excepting  in  cases  in  which  a  modification  of  the  formula 
appeared  to  offer  improvement.     Furthermore,  these  data  point  out 
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the  necessity  for  a  dust  disinfectant  to  be  so  constituted  that  there  is 
a  minimum  fluctuation  in  fungicidal  properties  under  any  set  of  soil 
conditions  and  also  so  that  there  is  a  constant  minimum  of  seed 
injury. 

It  seems  evident  from  the  data  presented  in  Table  22  that  the  general 
usefulness  of  any  seed  disinfectant  can  not  be  based  on  the  results 
from  comparatively  few  experiments  under  one  set  of  conditions. 

GENERAL    GROUPING    OF    CORN-SEED    DISINFECTANTS    BASED    ON    DISEASE    CONTROL 

AND    SEED    INJURY 


On  the  basis  of  the  behavior  of  corn  from  treated  seed  in  experi- 
mental field  plots,  the  great  majority  of  the  seed-disinfectant  com- 
pounds and  concentrations  of  those  compounds  included  in  the  field 
experiments  conducted  by  the  writers  may  be  classified  as  follows : 

Class  A. — Compounds  giving  almost  full  disease  control  and  no  seed  injury. 

Class  B. — Compounds  giving  partial  to  good  disease  control  and  no  apparent 
seed  injury. 

Class  C. — Compounds  giving  partial  to  good  disease  control  and  seed  injury, 
the  seed  injury  being  measured  by  the  decrease  in  the  yield  of  corn  from  good 
seed  treated  with  these  same  seed-treatment  compounds. 

Data  on  seed  injury  following  the  use  of  compounds  falling  into 
class  C  are  presented  in  Table  23  and  Figure  13.  On  Diplodia- 
infected  seed  and  on  Gibberella-infected  seed,  the  class  C  sfeed  disin- 
fectants gave  marked  increases  in  yield,  ranging  from  13.0  to  17.2 
bushels,  with  significant  odds.  But  in  both  series  2  and  3,^  Table  23,, 
the  use  of  the  class  C  compounds  on  good  seed  resulted  in  significant 
decreases  in  yield,  5.4  bushels,  with  odds  of  90  to  1,  and  3.6  bushels, 
with  odds  of  4,999  to  1.  The  use  of  the  class  A  compounds  was 
followed  by  larger  increases  in  yield  from  both  Diplodia  and  Gibber- 
ella  infected  seed,  and  there  were  slight  increases  in  the  yield  of  good 
seed  treated  with  the  class  A  seed-treatment  compounds.     (Table  23.) 


Table  23. — Acre  yields  of  yellow  dent  corn  from  nearly  disease-free  seed,  from 
Diplodia-infected  seed,  from  Gibber ella-infected  seed,  and  from  Basisporium- 
infected  seed,  each  untreated  and  treated  with  three  classes  of  seed  disinfectants, 
Bloomington,  III,  1926  and  1927 


Series  and 
seed-disin- 
fectant 
class 


Series  1: 
A... 


B... 

Series  2: 
A... 


Series  3: 
A... 


Kind  of  seed 


'Nearly  disease-free . 
.  Diplodia-infected  - . . 
Nearly  disease-free  . 
.Diplodia-infected . . . 


{Nearly  disease-free. .. 
Diplodia-infected 
Basisporium-infected. 
(Nearly  disease-free. .. 

\  Diplodia-infected 

[Basisporium-infected  - 


Nearly  disease-free. 
Diplodia-infected . . . 
Gibberella-infected. 
Nearly  disease-free. 
Diplodia-infected... 
Gibberella-infected. 
Nearly  disease-free. 
D  iplodia-inf ected . . . 
Gibberella-infected . 


Repli- 
cations 


Number 
16 
16 
16 
16 

12 
12 
12 
12 
12 
12 

24 
24 
24 


Acre  yield  from 


Untreated  Treated 


Bushels 
60.2 
43.1 
60.4 
43.7 

60.4 
38.0 
55.4 
59.7 
37.2 
55.2 

54.4 
32.9 
37.3 
56.0 
34.5 
37.3 
55.6 
32.4 
38.5 


Bushels 
6L3 
54.3 
60.1 
50.9 

61.1 
55.8 
59.7 
54.3 
50.2 
56.4 

55.0 
54.2 
55.5 
55.7 
51.9 
53.1 
5L9 
49.6 
53.4 


Increase  or  decrease  in  yield 
following  seed  treatment 


Increase  Decrease     Odds 


Bushels 

1.1 

11.2 


7.2 

.7 
17.8 
4.3 


13.0 
1.2 


21.3 
18.2 


17.4 
15.8 


17.2 
14.9 


Bushels 


0.3 


5.4 


.3 


3.6 


17:1 
>9, 999:1 

10:1 
>9, 999:1 

6:1 

>9, 999:1 

73:1 

90:1 

7,999:1 

2:1 

1:1 
>9, 999:1 
>9, 


>9,! 

I 

4,! 

>9,! 

>9,! 


9:1 
99:1 
98:1 
99:1 
99:1 
99:1 


«  The  series  numbers  here  and  in  the  following  text  and  tables  refer  to  different  series  of  experiments. 


SEED  TREATMENT  EXPERIMENTS  WITH  YELLOW  DENT  CORN 


41 


•^^0 


y-^^ 


The  increase  in  the  yield  of  the  Diplodia-infected  seed  treated  with 
the  class  A  disinfectants  over  that  treated  with  the  class  C  disin- 
fectants (the  difference  between  17.8  bushels  and  13.0  bushels,  or  4.8 
bushels,  series  2,  Table  23)  is  within  0.6  bushel  of  being  the  same  as 
the  decrease  in  the  yield  of  corn  from  good  seed  treated  with  the 
class  C  disinfectants,  5.4  bushels.  The  amount  of  the  decrease  in 
yield  of  nearly  disease-free  seed  following  treatment  with  the  class  C 
disinfectants,  5.4  bushels,  might  be  called  the  factor  of  seed  injury, 
equivalent,  in  some  respects,  to  ''therapeutic  index"  used  in  medi- 
cine, i.  e.,  the  ratio  of  the  toxic  dose  to  the  therapeutic  dose.  In 
series  3  the  factor  of  seed  injury,  3.6  bushels,  can  be  compared  with 
the  difference  between  the  21.3  bushels  increase  from  Diplodia- 
infected  seed  with  the 
class  A  treatments 
and  the  17.2  bushels 
increase  from  Diplo- 
dia-inf ected  seed  with 
class  C  treatments,  or 
4.1  bushels.  The  dif- 
ference between  the 
increase  of  18.2  bush- 
els from  Gibberella-in- 
fected  seed  treated 
with  class  A  disinfec- 
tants and  14.9  bushels 
when  treated  with 
class  C  disinfectants, 
or  3.3  bushels,  has  a 
similar  relationship 
to  this  factor. 

Some  seed  disinfect- 
ants which  appar- 
ently cause  no  seed 
injury  do  not  have 
sufficient  fungicidal 
value  to  effect  disease  control.  These,  class  B  disinfectants,  gave  an 
increase  in  the  yield  of  Diplodia-inf ected  seed  of  only  7.2  bushels,  as 
compared  with  an  increase  of  1 1 .2  bushels  following  treatment  with  the 
disinfectants  in  class  A,  series  1.  (Table  23.)  To  give  consistently 
beneficial  results  on  many  different  varieties  and  selections  of  corn, 
seed-treatment  compounds  should  possess  the  highest  possible  fungi- 
cidal properties  that  can  be  obtained  without  injury  to  the  seed. 


--^ 


^^At^S'^t 


CZy'hSS'S 


CZy^sSS-C^ 


Figure  13,— Increases  and  decreases  in  yield  from  nearly  disease-free, 
Diplodia-infected,  and  Qibberella-infected  seed,  following  the  use 
of  class  A,  class  B,  and  class  C  disinfectants,  respectively.  (Data 
in  series  3,  Table  23) 


DUST  TREATMENTS  BETTER  THAN  SOAK  TREATMENTS 

Although  the  liquid  treatment  with  hydroxymercurichlorophenol, 
soaking  the  seeds  for  one  and  one-half  hours  in  0.5  per  cent  solution 
at  30°  C,  which  is  one  of  the  best  liquid  treatments,  gives  consistently 
beneficial  results  on  diseased  seed,  the  results  from  this  same 
liquid  treatment  on  good  seed  are  not  always  satisfactory.  The 
data  on  which  the  decision  to  discontinue  experimentation  on  all 
Kquid  treatments  was  based  are  presented  in  Table  24.  At  Urbana, 
hydroxymercurinitrophenol,  used  as  a  dust  on  good  seed,  gave  an 
increase  in  yield  of  2.6  bushels  over  the  yield  of  seed  from  the  same 
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seed  lot  that  had  been  given  a  Hquid  treatment.  At  Bloomington 
the  margin  in  favor  of  dust  treatment  with  hydroxymercuricresol 
over  the  hquid  treatment  was  4.3  bushels.  This  same  dust  disin- 
fectant gave  a  higher  increase  in  the  yield  of  corn  from  treated  Diplo- 
dia-infected  seed  than  did  the  soak  treatment  on  the  same  lots  of 
Diplodia-infected  seed. 

Table  24. — Increase  in  acre  yield  of  yellow  dent  corn  from  the  use  of  dust  treat- 
ments over  liquid  treatments  (hydroxymercurichlorophenol)  on  good  seed  and  on 
Diplodia-infected  seed,  Urbana  and  Bloomington,  III., 


Location  of 
experiments 

Toxic  ingredient  of  dust 
disinfectant 

Kind  of  seed 

Total 
plots 

Increase    in   yield 
of      dust-treated 
seed  over  liquid- 
treated  seed 

Hy  droxymereurinitrophenol 

Hydroxymercuricresol 

..  do -_ 

Good 

Number 
128 
18 
34 

Bushels 
2.6 
4.3 
2.4 

Odds 
>9, 999: 1 

Bloomington.  _ 
Do 

do 

Diplodia-infected 

41:1 
10:1 

The  advantage  of  the  dust  treatments  over  the  soak  treatments 
may  be  accounted  for,  in  part,  by  the  fact  that  soaking  followed  by 
drying  before  planting  has  proved  to  be  injurious  at  times,  and  very 
likely  because  dust  treatments  offer  better  protection  against  infec- 
tion from  soil-borne  organisms.  In  addition  to  giving  greater  yield 
increases,  especially  on  good  seed,  the  dust  disinfectants  can  be 
applied  more  economically,  and  during  the  spring  this  can  be  done 
well  in  advance  of  planting  when  other  work  is-  not  pressing. 


EFFECTS  OF  SEED  TREATMENTS 


EFFECTS    ON    FIELD    STAND 


Treated  seed  usually  produces  a  better  field  stand  from  the  same 
quantity  of  seed  than  untreated  seed.  The  extent  to  which  the  field 
stand  may  be  benefited  by  seed  treatment  depends  on  such  factors 
as  quality  of  seed,  infection  of  seed  (fig.  14),  weather  conditions 
following  planting,  infection  of  soil,  and  the  disease  resistance  of  the 
strain  of  corn.  Corn  from  treated  nearly  disease-free  seed  has  almost 
always  given  a  slightly  higher  field  stand  than  the  untreated  seed. 
The  increases  in  field  stand  from  the  best  quality  seed  were  small 
in  1927  and  1928,  averaging  2.7  per  cent  and  1.7  per  cent,  respectively. 
(Table  25.)     These  increases,  however,  were  statistically  significant. 
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mmmu  diplodia  infected  seed 


FiGUiiK  x4.    Cui.. fox^.v .i  Liyj^u  UucLod  and  untreated  (A),  Diplodia-infected; 
(B),  Basisporium-infected;  and  (C),  Fusarium-infected  seed  composites 
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Table  25. — Field  stand  of  yellow  dent  corn  from  nearly  disease-free  seed  and 
from  seed  primarily  infected  with  Diplodia,  Gibberella,  Basisporium,  Fusarium, 
and  Cephalosporium,  respectively,  and  scutellum-rot  susceptible  seed,  each  un- 
treated and  treated,  central  Illinois,  1927-1929 


Year  of  experiments  and  kind  of  seed 


1927 

Nearly  disease-free 

Diplodia-infected 

Gibberella-infected 

B  asisporium-infected 

Fusarium-infected 

Cephalosporium-infected . . . 
Scutellum-rot  susceptible.  .. 

1928 

Nearly  disease-free 

D  iplodia-inf  ected 

G  ibberella-infected 

B  asisporium-infected 

1929 

Nearly  disease-free 

Diplodia-infected 

Gibberella-infected 

B  asisporium-infected 

Scutellum-rot  susceptible,.. 


Field  stand  from 

Percent- 

seed- 

age  rate 

Experi- 
ments 

of  in- 

crease 

following 

Untreated 

Treated 

seed 
treatment 

Number 

Per  cent 

Per  cent 

Per  cent 

23 

88.3 

90.7 

2.7 

22 

55.7 

78.6 

41.1 

14 

69.1 

85.8 

24.2 

14 

83.6 

86.7 

3.7 

13 

85.1 

87.9 

3.3 

12 

87.3 

87.9 

.7 

6 

83.2 

86.1 

3.5 

9 

88.5 

90.0 

1.7 

6 
3 
3 

5 

57.2 
64.7 
81.6 

70.1 

77.1 
82.2 
84.3 

75.4 

34.8 

27.0 

3.3 

7.6 

10 
5 
9 
6 

39.3 
56.1 
62.7 
61.9 

58.4 
68.0 
66.3 
68.3 

48.6 

21.2 

5.7 

10.3 

Odds 


199:1 

>9, 999:1 

>9, 999:1 

68:1 

932:1 

4:1 

3,399:1 


>9, 


539 


128 
4,999 


The  increase  in  the  field  stand  of  nearly  disease-free  seed  following 
seed  treatment  in  1929  was  7.6  per  cent,  with  odds  of  128  to  1,  a  much 
higher  figure  than  the  average  increases  in  the  two  former  years. 
The  field  stand  from  the  untreated  seed  in  1929  was  markedly  lower 
than  the  field  stands  from  the  untreated  nearly  disease-free  seed  in 
former  years,  70.1  as  compared  with  88.3  and  88.5  per  cent,  due 
principally  to  the  poorer  quality  of  the  seed  used  in  1929,  which 
probably  was  caused  by  the  unseasonably  cold  weather  that  pre- 
vailed in  many  sections  of  the  Corn  Belt  during  the  nights  of  Sep- 
tember 23,  24,  and  25,  1928.  These  unfavorably  cold  temperatures 
during  the  last  week  in  September,  at  which  time  corn  in  the  upper 
Mississippi  Valley  Corn  Belt  was  approaching  maturity,  resulted  in 
a  retardation  in  the  maturation  processes  and  a  marked  lowering  in 
the  disease  resistance  of  corn  grown  from  the  seed  of  this  crop.  The 
benefits  in  stand  and  also  in  yield  from  the  use  of  seed  treatment  on 
this  class  of  seed  has  particular  interest  and  significance. 

Field  stands  of  corn  from  well-selected  but  untested  seed  may  be 
greatly  benefited  by  seed  treatment,  if  weather  conditions  following 
planting  are  favorable  for  disease  development  in  the  seedling  stage. 
In  the  experimental  field  plots,  results  from  which  are  presented  in 
Table  11,  the  soil  was  cold  and  wet  for  about  three  weeks  following 
planting.  The  increases  in  stand  of  5.7  and  12.9  per  cent,  with  odds 
of  171  to  1  and  greater  than  9,999  to  1,  are  very  marked.  There 
also  was  a  slight  increase  in  plant  yield  in  the  treated  plots. 
(Table  11.) 

Data  presented  in  Table  25  are  summarized  in  Table  26  and  pre- 
sented graphically  in  Figure  15.  In  all  instances  the  field  stands 
were  substantially  improved  by  seed  treatment.     The  stand  of  corn 
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from  Diplodia-infected  seed  was  increased  40.8  per  cent,  and  that 
from  Gibberella-infected  seed  was  increased  24.3  per  cent.  The 
stand  from  Basisporium-infected  seed  was  increased  4.1  per  cent, 
and  from  scutellum-rot  susceptible  seed  6.3  per  cent.  The  stand 
from  Fusarium-infected  seed  was  increased  3.3  per  cent  by  seed 
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Figure  15.— Field  stands  from  untreated  and  treated  seed,    (Data  from  Table  26) 

treatment.     But  the  stand  from  Cephalosporium-infected  seed  was 
not  benefited  appreciably  by  seed  treatment. 

Table  26. — Summary  of  data  'presented  in  Table  25 


Kind  of  seed 

Field  stand  from 
seed- 

Percentage 
rate  of 
increase 

Untreated 

Treated 

following 

seed 
treatment 

Nearly  disease-free --- - 

Percent 
82.3 
50.7 
63.3 
76.0 
72.6 

Per  cent 
85.4 
71.4 
78.7 
79.1 
77.2 

Per  cent 
3.8 

Diplodia-infected    

40.8 

Gibberella-infected i 

24.3 

Basisporium-infected    ._  .    .    

4.1 

Scutellum-rot  susceptible 

6.3 

EFFECTS    ON    VEGETATIVE    VIGOR   AND    PLANT   YIELD 

In  addition  to  increasing  field  stand,  seed  treatment  with  satisfac- 
tory dust  disinfectants  frequently  produces  an  increase  in  the  per- 
centage of  strong,  vigorous  plants.  (Table  27.)  In  1929  the  junior 
writer  made  plant-height  measurements  in  a  large  number  of  field 
plots  on  the  University  of  Illinois  agronomy  farm.  These  data  are 
presented  in  Table  28.  The  averages  show  a  consistent  increase  in 
height  following  the  use  of  a  seed  disinfectant.  Five  of  the  seven 
height  increases  are  statistically  significant.  The  increases  in  plant 
height,  as  well  as  the  increases  in  field  stand,  in  corn  grown  from 
average  farm  seed  are  illustrated  in  Figures  14  and  16. 
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GROWN  FROM  AVERAGE-FARHERS^Seed 


Figure  16.— Corn  grown  from  treated  and  untreated  average  farmers' seed,  University  of  Illinois 
agronomy  farm,  Urbana,  111.,  1929 

Table  27. — Increase  in  percentage  of  kernels  producing  strong  vigorous  plants 
following  seed  treatment,  in  yellow  dent  corn  from  nearly  disease-free  seed  and  from 
diseased  seed 


Kind  of  seed 

Experi- 
ments 

Increase 
in  ker- 
nels pro- 
ducing 
strong 
vigorous 
plants 

Odds 

Nearly  disease-free ......              .       .    . 

Number 
10 
17 

Per  cent 
4.7 
31.1 

44:1 

Diseased .— — 

>9, 999:1 

Table  28. — Mean  height  of  plants  of  yellow  dent  corn  from  untreated  seed  and  from 
treated  seed;  corn  planted  May  4  o.nd  measured  June  29,  1929,  University  of 
Illinois  agronomy  farm,  Urbana,  III. 


Kind  of  seed 


Nearly  disease-free 

Piplodia-infected 

Basisporium-infected 

y  usarium-infected 

Cephalosporium-infected . 
Scutellum-rot  susceptible, 
Average  farm  com 


Plots    I 


plant 
popula- 
tions were 
measured 


Number 
8 
4 
4 
4 
4 
4 


Mean  plant  height 
in  plots  from  seed- 


Untreated  Treated 


Inches 
41.5 
29.4 
30.7 
34.9 
34.8 
31.9 
42.5 


Inches 
43.0 
34.6 
32.3 
35.8 
35.7 
34.4 
43,7 


Increase 

in  plant 

height 

following 

seed 
treatment 


Per  cent 
3.6 
17.7 
5.2 
2.6 
2.6 
7.8 


Odds 


Sometimes  where  no  increase  in  actual  stand  follows  seed  treatment 
there  may  be  a  marked  improvement  in  the  tone  and  quality  of  the 
plants.  In  general,  there  are  three  types  of  beneficial  effects  that  class 
A  (Table  23)  seed  disinfectants  may  produce  on  corn  from  well-se- 
lected seed.  (Table  29.)  (1)  The  stand  may  be  increased  only 
slightly,  but  the  mean  plant  yield  may  be  increased  significantly. 
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(2)  There  may  be  a  marked  increase  iu  stand  and  a  slight  decrease  in 
mean  plant  yield,  due  to  lack  of  moisture  and  plant  nutrients  on 
account  of  the  greatly  increased  stand,  but,  nevertheless,  an  accom- 
panying increase  in  acre  yield.  (3)  Both  stand  and  plant  yield  may 
be  increased  significantly. 

Table  29. —  Three  type  effects  on  'percentage  of  field  stand  and  plant  yield  of  yellow 
dent  corn  following  seed  treatment  of  nearly  disease-free  seed  with  class  A  {Table 
28)  seed  disinfectants,  planted  early  in  May  near  Bloomington,  III.,  1927  and  1928 


Field 
stand 
from  un- 
treated 
seed 

Increase  in  field  stand 
following  seed  treat- 
ment 

Increase    (+)    or   de- 
crease (-)  in  plant 
yield  following  seed 
treatment 

Per  cent 
90 
87 
87 

Per  cent 

+1.6 

+10.0 

+7.6 

Odds 
3:1 
>9, 999:1 
413:1 

Per  cent 
+8.2 
-3.0 
+9.1 

Odds 
>9, 999:1 
1,428:1 
416:1 

EFFECTS    ON    SOIL-BORNE   DISEASES 


A  part  of  the  increase  in  stand  of  corn  from  the  nearly  disease-free 
seed  (Tables  25,  26,  and  29)  and  from  the  well-selected  but  untested 
seed  (Table  11)  can  be  attributed  to  the  slight  infections  by  Diplodia 
and  Gibberella  that  were  not  eliminated  from  the  seed  lots.  The  well- 
selected  seed  also  carried  sUght  infections  of  a  group  of  miscellaneous 
organisms,  the  control  of  which  by  seed  treatment  probably  contrib- 
uted materially  to  the  increase  in  stand  and  to  the  better  quality  of  the 
plants.  It  does  not  seem  possible  to  account  for  the  increases  in  stand 
and  plant  yield  from  the  treated  nearly  disease-free  seed  reported  in 
Table  29  entirely  on  the  basis  of  the  control  of  seed-borne  disease- 
producing  organisms.  It  seems  more  probable  that  the  seed  treat- 
ment may  have  had  a  protective  action  in  preventing  injury  from  soil- 
borne  disease-producing  organisms.  This  interpretation  is  strength- 
ened by  the  consistently  better  results  on  good  seed  that  were  pro- 
duced with  dust  disinfectants  than  were  produced  with  the  liquid 
treatments.  (Table  24.)  The  latter  treatments  may  have  been 
equally  effective,  and  in  some  instances  more  effective,  in  controlling 
seed-borne  infections.  But  the  dust  disinfectants  gave  greater  in- 
creases, statistically  significant,  on  well-selected  seed  where  seed- 
borne  seedling  blight-producing  organisms  were  not  the  predominat- 
ing factor  in  causing  reductions  in  stand  and  in  seedling  vigor. 

EFFECTS    ON    LODGING 

Koehler,  Dungan,  and  Holbert  {8)  presented  data  to  show  that  corn 
from  diseased  seed  usually  had  more  leaning  plants  than  corn  from 
good  seed  of  the  same  strain.  In  so  far  as  lodging  is  caused  by  infec- 
tions during  the  seedling  stage,  seed  treatment  might  be  expected  to 
reduce  it.  Data  on  the  percentage  of  lodged  plants  from  untreated 
and  from  treated  good  and  diseased  seed  are  presented  in  Table  30. 
In  series  1  and  3  the  corn  from  treated  seed  had  fewer  leaning  plants. 
Three  of  these  four  figures  are  statistically  significant,  13.9  per  cent, 
with  odds  of  47  to  1,  13.8  per  cent,  with  odds  of  328  to  1,  and  22  per 
cent,  with  odds  of  888  to  1. 
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Table  30. — Plants  leaning  30°  or  more  in  populations  of  yellow  dent  corn  grown 
from  good  seed,  from  diseased  seed,  and  from  average  farmers'  seed,  each  untreated 
and  treated  with  a  dust  disinfectant,  central  Illinois,  1924-1928 


Series  of 
experi- 
ments 

Kind  of  seed 

Experi- 
ments 

Plants  leaning  30°  or 
more,  grown  from 
seed- 

Increase  (+)  or  de* 
crease   (-)   in 
leaning  plants  ioh 
lowing  seed  treat* 
ment 

Untreated 

Treated 

/Good 

Number 
10 
17 
16 
18 
21 
24 
19 

Per  cent 
36.8 
49.2 
74.5 
72.3 
20.9 
19.5 
32.9 

Per  cent 
31.7 
42.4 
76.3 
72.3 
16.3 
18.8 
33.9 

Per  cent 
-13.9 
-13.8 
+2.4 

Odds 
47"  1 

\Disease'd 

2 

("Good .-. 

11:1 

\Diseased 

("Good 

-22.0 
-3.6 
+3.0 

888:1 

(.Diseased 

8-1 

4. 

Average  farmers'  seed 

140*1 

Many  factors,  however,  are  involved  in  determining  the  resistance 
or  susceptibility  of  any  population  of  corn  plants  to  lodging.  The 
experimental  plots  represented  in  series  2  were  subjected  to  heavy 
rain  and  windstorms  during  September.  The  corn  from  treated  good 
seed  had  a  slightly  higher  percentage  of  lodged  plants,  2.4  per  cent, 
with  odds  of  11  to  1,  than  the  corn  from  the  same  lots  of  seed  un- 
treated. Corn  from  untreated  and  from  treated  diseased-seed  lots 
had  the  same  percentage  of  lodged  plants,  72.3. 

In  the  corn  from  average  farmers'  seed  there  was  an  increase  of  3 
per  cent  in  the  lodging  in  the  plots  of  corn  from  treated  seed,  although 
this  corn  yielded  significantly  more  than  that  from  the  untreated  seed. 

The  complexity  of  the  factors  determining  the  amount  of  lodging 
in  any  given  population  of  corn  plants  is  suggested  by  the  data  pre- 
sented in  Tables  31  and  32.  In  the  rotation  of  corn,  corn,  spring 
graia,  and  clover,  corn  grown  from  treated  seed  had  fewer  leaning 
plants  than  corn  from  untreated  seed.  One  of  the  four  decreases 
was  statistically  significant,  46.3  per  cent,  with  odds  of  177  to  1. 
(Table  31.)  But  in  the  rotation  of  corn,  corn,  corn,  and  soybeans, 
corn  from  treated  seed  lodged  more  than  corn  from  untreated  seed  in 
three  of  the  four  series,  although  neither  the  increases  nor  the  de- 
creases were  statistically  significant. 

Table  31. — Percentage  ^  of  plants  leaning  30°  or  more  in  populations  of  yellow  dent 
corn  grown  from  diseased  seed,  seed  untreated,  and  seed  treated  with  a  dust  disin- 
fectant; corn  grown  on  two  rotations  on  the  University  of  Illinois  agronomy  farm, 
Urbana,  III,  planted  May  4,  1929 


Rotation 

Previous  crop  in 
rotation 

System  of 
farming 

Plants  leaning  30°  or 
more  from  seed- 

Increase 
(+)  or  de- 
crease (-) 
in  leaning 
plants  fol- 
lowing seed 
treatment 

Odds 

Untreated 

Treated 

Corn,  corn,  spring  grain, 
clover 

[Clover 

/Grain  2 

ILivestocka.. 

/Grain 

\  Livestock... 

/Grain 

iLivestock... 

/Grain 

ILivestock... 

Per  cent 
21.5 
12.7 
39.3 
14.2 
22.2 
9.9 
67.5 
38.6 

Per  cent 
18.7 
12.6 
21.1 
U.5 
30.5 
11.9 
70.6 
33.8 

Per  cent 
-13.0 
-.8 
-46.3 
-19.0 
+37.4 
+20.2 
+4.6 
-12.4 

5:1 

1:1 

177:1 

Icorn 

7:1 
6:1 
6:1 
9:1 
7:1 

[Soybeans 

Corn,  corn,  corn,  soybeans- 

iThird-year  corn... 

» Averages  of  8  replications. 

»In  the  grain  system  all  the  grain  is  removed  and  the  crop  refuse  is  returned  to  the  soil;  in  the  livestock 
system  both  grain  and  crop  refuse  are  removed  and  manure  equivalent  in  amount  to  the  crop  refuse  is 
^applied  to  the  soil. 
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Table  32. — Percentages  ^  of  plants  leaning  30°  or  more  in  populations  of  two 
varieties  of  yellow  dent  corn  grown  in  a  rotation  of  corn,  corn,  spring  grains,  and 
clover,  seed  untreated  and  seed  treated,  planted  respectively.  May  1,  May  11,  May 
21,  and  May  31,  1929,  at  the  University  of  Illinois  agronomy  farm,  Urbana, 
III. 


Previous  crop  in  a  rotation  of  corn, 
corn,  spring  grains,  clover 

Strain 

of 
corn 

Plants  leaning  30° 
or  more  from  seed- 

Increase 
(+)  or  de- 
crease (— ) 
in  leaning 

plants 
foUowing 

seed 
treatment 

Date  of 
planting 

Untreated 

Treated 

Odds 

Clover - 

PI 
it 

ting 

/    A 
I    B 
/     A 
1     B 
/    A 
I    B 
/    A 
I    B 

ting 

Per  cerit 
6.4 
13.9 
12.4 
14.2 
16.7 
23.9 
18.9 
28.0 

Per  cent 
4.7 
9.7 
9.8 
14.3 
12.0 
19.3 
11.6 
24.8 

Per  cent 
-26.6 
-30.2 
-21.0 

+.7 
-28.1 
-19.2 
-38.6 
-11.4 

46 
30 
22 
1 
31 
IS 
S56 
16 

Mayl 

Com 

Clover 

May  11 

Corn                                                

of  both  strains  in  first  two  dates  of  plac 
Clover - 

Average 

16.8 

13.3 

-20.8 

663:1 

17.4 
28.9 
19.7 
31.6 
22.5 
33.8 
46.0 
62.9 

22.8 
33.1 
21.2 
31.5 
26.6 
38.4 
45.7 
51.1 

+31.0 

+14.5 

+7.6 

-.3 

+18.2 

+13.6 

-.7 

-3.4 

45 
4 
2 

1 
5 
3 
<1 
2 

May  21 

Corn     .                                   

Clover      .                     .            

May  31 

Corn      - 

of  both  strains  in  last  two  dates  of  plan 

Average 

31.6 

33.8 

+7.0 

35:1 

»  Averages  of  8  replications. 

>  University  of  Illinois  Station  strain  of  yellow  dent. 

*  Reid  yellow  dent. 

Date  of  planting  also  is  an  important  factor  in  influencing  the  re- 
sponse of  corn  to  seed  treatment,  as  reflected  in  the  percentage  of 
lodged  plants.  (Table  32.)  In  the  corn  from  the  first  two  plantings, 
those  of  May  1  and  May  11,  corn  from  treated  seed  lodged  less  than 
that  from  untreated  seed,  the  average  decrease  for  the  two  strains 
being  20.8  per  cent,  with  odds  of  663  to  1.  But  in  the  corn  from  the 
two  later  plantings,  those  of  May  21  and  May  31,  corn  from  treated 
seed  had  a  larger  percentage  of  lodged  plants,  7  per  cent  increase,  with 
odds  of  35  to  1. 

Genetic  factors  probably  are  the  most  important  single  set  of  factors 
concerned  in  resistance  of  corn  to  lodging.  However,  under  conditions 
in  which  disease  infections  that  start  during  the  seedling  stage  may  be 
an  influencing  factor  in  lack  of  resistance  to  lodging,  seed  treatment 
may  be  effective  in  reducing  lodging.  A  few  instances  have  been  ob- 
served in  which  the  plots  from  treated  seed  have  had  only  a  very  few 
leaning  plants,  and  the  plots  from  untreated  seed  have  had  from  30  to 
over  50  per  cent  of  leaning  plants.  (Fig.  17.)  Although  such  in- 
stances have  been  the  exception  rather  than  the  rule,  they  are  of 
considerable  interest.  Of  the  nine  statistically  significant  decreases 
and  increases  in  percentages  of  plants  leaning  30°  or  more,  seven  are 
decreases  and  two  are  increases.  Although  seed  treatment  may 
neither  decrease  nor  increase  lodging  sufficiently  to  influence  yield, 
corn  from  treated  seed  grown  on  soils  on  which  corn  appeared  only  50 
per  cent  in  rotation  (Table  31)  and  planted  during  the  first  half  of  the 
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normal  corn-planting  season  for  the  upper  Mississippi  Valley  (Table 
32)  does  show  a  significantly  less  tendency  to  lodge  than  corn  from 
untreated  seed. 

EFFECTS  ON  EAR  ROTS 

Ear  rots  constitute  a  very  important  economic  loss  throughout  the 
Corn  Belt.  But  inasmuch  as  the  great  majority  of  these  rots  result 
from  local  infections  during  the  period  of  maturation  and  not  from 
infections  in  the  seedling  stage,  seed  treatment  can  not  be  expected  to 
reduce  this  loss  materially. 

Data  on  the  percentage  of  rotted  ears  in  the  crop  grown  from  nearly 
disease-free  seed  and  from  different  lots  of  diseased  seed  are  presented 
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in  Table  33.  The  slight  decreases  in  the  proportion  of  rotted  ears  in 
series  1  from  treated  nearly  disease-free  seed  and  from  treated  seed 
primarily  infected  with  Diplodia,  Gibberella,  and  Fusarium  spp.,  are 
not  statistically  significant.  Nor  is  the  small  increase  of  2.9  per  cent 
of  rotted  ears  from  treated  Basisporium-infected  seed  statistically 
significant.  In  series  2  (Table  33)  there  was  a  decrease  of  8.2  per  cent 
in  the  proportion  of  rotted  corn,  with  odds  of  22  to  1,  in  the  corn 
grown  from  treated  nearly  disease-free  seed  and  a  decrease  of  3.5  per 
cent,  with  odds  of  28  to  1,  in  the  corn  grown  from  scutellum-rot 
susceptible  seed.  The  decrease  in  the  percentage  of  rotted  ears  in 
average  farmers'  seed,  6.6  to  5.9  per  cent  (Table  33)  is  statistically 
significant. 
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Table  33. — Rolled  ears  in  crop  of  yellow  dent  corn  grown  from  nearly  disease-free 
seed  and  from  diseased  seed,  each  untrealed  and  trealed,  central  Illinois,  1927-1929 


Series  of 

Kind  of  socd 

Experi- 
ments 

Rotted  cars  in  corn 
from  seed- 

Increase 
(+)  or  de- 
crease (— ) 
in  rotted 
ears  follow- 
ing seed 
treatment 

experi- 
ments 

Untreated 

Treated 

Odds 

Number 
13 
16 
7 
7 
15 
15 
16 
16 
8 

Per  cent 
6.8" 
7.8 
8.2 
7.0 
7.3 
11.5 
5.9 
5.8 
6.6 

Per  cent 
6.3 
7.5 
7.2 
7.2 
6.7 
11.1 
5.7 
5.5 
5.9 

Per  cent 

-7.4 
-3.8 
-12.2 
+2.9 

-a  2 

-3.5 

-3.4 

-5.2 

-10.6 

8:1 

1 

JDiplodia-  and  Gibberella-infected 

1  Fusarium-infected 

7:1 

3:1 

/Nearly  disease-free 

22-1 

I  Scutellum-rot  susceptible .-. 

(Nearly  disease-free      .      -       ----- 

4*1 

3 

<  Diseased - 

8:1 

[Average  farmers'  corn    --  

152-1 

Average. 

113 

7.4 

7.0 

-5.4 

255:1 

The  data  seem  to  suggest  that  seed  treatment  may  have  a  slightly 
beneficial  effect  in  reducing  the  percentage  of  ear  rots.  Averaging 
the  data  presented  in  Table  33,  representing  results  from  a  total  of 
113  expeiiments  over  a  3-year  period,  the  percentage  of  rotted  ears 
was  reduced  from  7.4  per  cent  in  the  corn  from  untreated  seed  to  7.0 
per  cent  in  the  corn  from  treated  seed,  a  decrease  of  5.4  per  cent,  with 
odds  of  255  to  1.  This  slight  reduction  may  be  due  in  part  to  a  pos- 
sible reduction  in  source  of  inoculum  by  the  reduction  in  bUghted 
seedlings.  This  slight  beneficial  effect,  however,  probably  can  be 
attributed  more  largely  to  the  increase  in  vigor  of  the  plants  from 
treated  seed.  The  increased  vigor  enables  the  plants  to  flower  slightly 
earlier  and  also  to  mature  slightly  earlier.  Under  some  conditions 
the  difference  of  only  a  very  few  days,  even  two  or  three,  in  the  matur- 
ity of  the  crop  may  mean  the  difference  between  normal  maturity 
and  immaturity.  Such  a  situation  prevailed  in  the  experiment  the 
results  from  which  are  given  in  Table  34.  Although  the  plots  from 
untreated  and  from  treated  seed  were  about  equal  in  total  yield,  the 
corn  from  the  treated  seed  was  significantly  better  matured,  9.5  per 
cent,  with  odds  of  104  to  1.  In  an  earlier  planting  or  under  different 
climatic  conditions  as  the  com  approached  maturity  the  seed  treat- 
ment might  not  have  benefited  the  maturity  of  the  crop  to  the  same 
degree. 

Other  conditions  being  equal,  normally  matured  com  has  less  ear 
rot  than  has  com  not  normally  matured.  Slight  differences  in  matur- 
ity may  have  had  a  bearing  on  the  results  in  Table  34,  discussed  in 
the  above  paragraph,  and  in  the  differences  in  series  2  and  3  of  Table  33. 

Table  ^4:— Percentage  of  matured,  solid  ears  in  yellow  dent  corn  grown  from 
slightly  diseased  seed,  untreated  and  trealed,  planted  near  Bloomington,  III., 
May  24  and  harvested  November  30,  1928  ^ 


Total  acre  yield 
from  seed- 

Matured  solid  ears 
from  seed- 

Increase  in  ma- 
tm-ed  corn  from 

Untreated;  Treated 

Untreated,  Treated 

treated  seed 

Bushels 
57.3 

Bushels 
57.0 

Per  cent 
64.4 

Per  cent 
70.5 

Percent 
9.5 

Odds 
104:1 

J  Average  of  14  replications. 
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EFFECTS  ON  ACRE  YIELD 


Increases  in  stand  and  in  vegetative  vigor  following  the  use  of  seed 
treatment  may  or  may  not  result  in  increases  in  yield  of  grain,  de- 
pending on  a  number  of  other  influencing  factors,  such  as  water 
supply  and  amount  of  available  plant  nutrients  at  the  critical  periods 
of  growth.  In  the  sections  in  which  the  experiments  have  been 
conducted,  data  from  which  are  presented  in  this  bulletin,  the  use 
of  seed  disinfectants  has  been  followed  by  rather  consistent  increases 
in  yield.  The  size  of  the  increases  has  been  dependent  on  several 
factors.  Some  of  the  factors  which  are  known  to  influence  the  re- 
sponse in  yield  to  seed  treatment  will  be  discussed  in  the  following 
paragraphs.     But  much  remains  to  be  learned  concerning  the  many 


c^    ^    ^ 


Gooo  cAf/fii?  r^sr£:/? 


^/^JLO/>/^-/yV/^£rcr^ 


Figure  18.— Acre  yields  from  various  untreated  and  treated  lots  of  seed.    (Data  from  Table  35) 

environmental  factors  which  influence  the  response  in  yield  to  seed 
treatment. 

FACTORS  INFLUENCING  AMOUNT  OF  INCREASE  IN  YIELD  FROM  SEED  TREATMENT 


SEED  CONDITION 


Data  on  the  average  increases  in  yield  of  corn  from  a  number  of 
seed  lots  differing  in  seed  condition  are  given  in  Table  35  and  are 
graphically  presented  in  Figure  18.  Averaging  results  from  96 
experiments  extending  over  a  period  of  four  years,  the  yield  of  com 
from  high-quahty,  well-selected,  and  tested  seed  was  increased  1.5 
bushels  by  seed  treatment.  Although  this  figure  is  small,  it  is  statis- 
tically significant.  The  yield  of  corn  from  average  seed  that  had 
not  been  tested  was  increased  3  bushels  by  seed  treatment.  This 
figure  represents  an  average  of  34  experiments  and  is  statistically 
significant, 
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Table  35. — Summarized  data  on  acre  yields  of  yellow  dent  corn  from  good  seed 
tested,  from  average  seed  untested,  from  seed  infected  with  Diplodia,  Gibberella, 
Basisporium,  Fusarium,  and  Cephalosporium,  respectively,  and  from  scutellum- 
rot  susceptible  seed,  each  untreated  and  treated,  central  Illinois,  1926-1929 


Kind  of  seed 


Good,  tested.- 

Average,  untested 

Diplodia-infected 

Gibberella-infected 

Basisporium-infected 

Fusarium-infected— 

Cephalosporium-infected. 
Scutellum-rot  susceptible 


Experi- 
ments 

Acre  yield  from 
seed — 

Increase 
in  yield 
following 
seed  treat- 
ment 

Probable 
error  of 
increase 
in  yield 

Untreated 

Treated 

Number 

Bushels 

Bushels 

Bushels 

96 

61.4 

62.9 

1.5 

±0.2 

34 

55.9 

58.9 

3.0 

±.3 

53 

44.0 

59.1 

15.1 

±.5 

31 

49.7 

59.5 

9.8 

±.7 

27 

51.2 

53.7 

2.5 

±.4 

12 

53.7 

55.7 

2.0 

±.5 

12 

56.8 

58.4 

1.6 

±.3 

11 

48.9 

49.3 

.4 

±.3 

Increase 
P.E. 


7.5 

10.0 

30.2 

14.0 

6.3 

4.0 

5.3 

1.3 


The  largest  increases  in  yield  following  seed  treatment  came  from 
seed  naturally  infected  with  Diplodia  and  Gibberella,  the  increases 
being  15.1  and  9.8  bushels,  respectively.  The  acre  yields  of  corn 
grown  from  treated  Diplodia-infected  and  Gibberella-infected  seed, 
59.1  and  59.5  bushels,  respectively,  compare  favorably  with  the 
average  yield  of  com  from  treated  average  seed,  58.9  bushels.  These 
data  indicate  that  the  Diplodia  and  Gibberella  infections  that  occur 
in  well-selected  seed  can  be  controlled  satisfactorily  by  the  use  of 
the  better  seed-corn  disinfectants. 

The  yield  of  corn  from  Basisporium-infected  seed  was  increased 
only  2.5  bushels  by  seed  treatment,  but  this  is  a  statistically  sig- 
nificant figure.  The  yield  of  com  from  treated  Basisporium-infected 
seed  was  lower  than  that  from  treated  Gibberella-infected  seed, 
55.7  bushels  as  compared  with  59.5  bushels. 

The  yields  of  corn  from  Fusarium-infected  seed  and  from  Cepha- 
losporium-infected seed  were  increased  2.0  and  1.6  bushels,  respec- 
tively, by  seed  treatment.  Com  from  scutellum-rot  susceptible 
seed  was  not  materially  benefited  by  the  use  of  seed  treatment. 

In  some  strains  of  com  the  crop  grown  from  scutellum-rot  suscep- 
tible seed,  as  well  as  that  from  seed  slightly  infected  with  Basisporium, 
may  respond  to  seed  treatment  in  increased  production,  producing 
yields  almost  equal  to  those  from  the  best-quality  seed  of  the  same 


strams. 


VARIETAL   RESPONSE 


Strains  of  corn  differ  widely  in  their  yield  responses  to  the  use  of 
seed  treatment,  the  seed  condition  and  other  influencing  factors  being 
comparable.  Data  showing  varietal  or  strain  difference  in  response 
to  seed  treatment  are  given  in  Table  36.  The  yields  of  the  strain 
designated  as  C  were  increased  1.4,  1.1,  and  3.8  bushels  in  each  of 
three  experiments.  In  these  same  three  experiments  the  yields  of 
the  strain  designated  as  D  were  increased  5.0,  4.0,  and  7.2  bushels  by 
the  use  of  the  same  seed  disinfectant.  Averaging  the  three  experi- 
ments, the  yield  of  strain  C  was  increased  2.1  bushels  and  the  yield 
of  strain  D  5.4  bushels. 

Occasionally  varieties  and  strains  have  been  used  the  yield  of 
which  was  not  improved  by  the  use  of  any  seed  disinfectant.  The 
yield  of  strain  H  (Table  36)  was  not  increased  by  the  use  of  seed 
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treatment,  although  the  yield  of  strain  D  in  the  same  series  of  ex- 
perimental plots  was  increased  7.2  bushels,  with  high  odds,  by  the 
use  of  the  same  seed  disinfectant. 

Table  36. — Comparison  of  responses  to  seed  Ireaimenl  with  class  A  seed  disin- 
fectants of  different  strains  of  yellow  dent  corn,  seed  of  equally  good  quality  being 
used  in  each  comparison,  central  Illinois,  1927  and  1028 


Series 

Designa- 
tion of 
strain  of 
corn 

Acre  yield  from  seed- 

Increase 
following 

seed 
treatment 

Untreated 

Treated 

Odds 

1 

1      B 
/      ^ 
I      D 
/      E 
I      F 

/      ^ 
I      D 

11 

Bushels 
39.2 
39.6 
66.6 
68.1 
76.7 
65.0 
55.2 
56.5 
69.4 
66.6 
55.4 

Busheh 
40.0 
47.3 
68.0 
73.1 
77.3 
70.4 
56.3 
60.5 
73.2 
73.8 
55.6 

Bushels 

0.8 
7.7 
1.4 
6.0 

.6 
5.4 
1.1 
4.0 
3.8 
7.2 

.2 

2:1 

2 

2,499:1 
5:1 

3- - - 

114:1 
1:1 

4 

91:1 
4:1 

5 

31:1 

1,821:1 

>9, 999:1 

1:1 

Average  of  C  strain 

63.7 
63.7 

65.8 
69.1 

2.1 
5.4 

14:1 

Average  of  D  strain 

67:1 

SOIL   CQMPLEX 

Although  condition  of  seed  and  individuaUty  of  variety  or  strain 
are  very  important  factors  in  influencing  the  amount  of  increase  in 
yield  following  seed  treatment,  the  soil  complex  on  which  the  crop 
is  grown  is  equally  important.  In  general,  other  known  factors 
being  equal,  the  yield  of  corn  from  good  seed,  grown  on  soil  higher  in 
organic  matter  and  more  productive,  usually  is  increased  more  by 
the  use  of  seed  treatment  than  is  the  yield  of  corn  from  the  same  lot 
of  well-selected  seed  grown  on  comparable  soil  lower  in  organic 
matter  and  in  productivity.  Averaging  the  results  from  five  field 
experiments  in  which  such  a  comparison  could  be  made,  the  average 
increase  in  yield  on  the  less  productive  soil  was  1.2  bushels,  with 
odds  of  49  to  1,  and  the  average  increase  on  the  more  productive  soil 
was  5.2  bushels,  with  odds  of  561  to  1.     (Table  37.) 

Table  37. — Comparison  of  responses  to  seed  treatment  with  class  A  disinfectants 
of  the  same  strain  of  yellow  dent  corn  on  two  experimental  plots  in  each  of  five 
localities,  one  of  the  two  experimental  plots  in  each  comparison  being  located  on 
soil  higher  in  organic  matter  and  productivity  than  the  other;  central  Illinois, 
1927  and  1928 


s.. 

Levels  of  pro- 
ductivity 

Acre  yield  from  seed- 

Increase  in  yield  fol- 
lowing seed  treat- 
ment 

Untreated 

Treated 

Bushels 
47.0 
54.6 
76.8 
83.6 
40.4 
71.2 
58.4 
66.6 
60.6 
75.7 

Bushels 
47.4 
59.2 
78.1 
86.5 
43.0 
78.4 
59.8 
73.8 
60.9 
79.7 

Bushels 
0.4 
4.6 
L3 
2.9 
2.6 
7.2 
1.4 
7.2 
.3 
4.0 

Odds 
3:1 

1. - - 

130:1 
3:1 

2-_ 

78:1 
12:1 

3_. - 

695:1 
42:1 

/Lower 

4_ 

>9, 999:1 
1:1 

Higher. 

/Lower         .    

5 

Higher 

92:1 

Average  of  lower 

56.6 
70.3 

57.8 

75.5 

1.2 

5.2 

49:1 

661:1 
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The  interrelation  of  seed  condition  and  the  soil  complex  in  influenc- 
ing the  amount  of  increase  in  yield  following  seed  treatment  is  shown 
by  the  data  in  Table  38.  With  corn  from  good  seed,  the  increases  in 
yield  following  seed  treatment  were  greater  where  corn  followed  a 
legume  in  the  rotation  than  where  corn  followed  corn.  In  the  rota- 
tion corn,  corn,  spring  grains,  and  clover,  the  increase  in  yield  follow- 
ing seed  treatment  on  the  plots  whose  previous  crop  had  been  clover 
was  3  bushels,  with  odds  of  832  to  1,  as  compared  with  a  slight  de- 
crease on  the  plots  of  the  same  rotation  where  corn  followed  corn. 
Likewise,  in  the  rotation  corn,  corn,  corn,  and  soybeans,  the  increase 
in  yield  following  seed  treatment  was  2.0  bushels,  with  odds  of  734 
to  1,  on  the  plots  whose  previous  crop  had  been  soybeans,  and  only 
1.5  bushels,  with  odds  of  13  to  1,  where  corn  followed  corn. 

Table  38. — Acre  yields  of  yellow  dent  corn  from  untreated  and  treated  good  and 
diseased  seed,  planted  early  in  May  on  two  rotations,  University  of  Illinois  agron- 
omy farm,  Urhana,  III.,  1929 


Seed  condition  and 
rotation 

Previous  crop  or 
crops 

Repli- 
cations 

Acre  yield  from 
seed- 

Increase  (+)  or  de- 
crease (— )  in  acre 
yield    following 
seed  treatment 

Odds 

Untreated 

Treated 

Good  seed: 

Corn,    corn,    spring 
grains,  clover 

/Clover  -  

Num- 
ber 
16 
16 
16 
16 

16 
8 
16 
16 

BusheU 
64.1 
59.7 
44.4 
36.1 

48.7 
32.2 
39.9 

28.7 

Bushels 
67.1 
58.6 
46.4 
37.6 

55.2 
47.3 
41.1 
32.4 

Bushels 
+3.0 
-1.1 
+2.0 
+1.5 

+6.5 

+15.1 

+1.2 

+3.7 

Per  cent 

+4.7 
-1.8 
+4.5 

+4.2 

+13.3 

+46.9 

+3.0 

+12.9 

832:1 

\Corn 

4:1 

734:1 

soybeans 

ITwo  years  of  corn. 
/Clover 

13:1 

Diseased  seed: 

Corn,    corn,    spring 

96:1 

\Corn..    -       

4,332:1 
2:1 

Corn,     corn,     corn. 

/Soybeans 

ITwo  years  of  corn- 

53:1 

With  corn  from  diseased  seed  the  situation  w^as  reversed.  The 
increase  in  yield  of  corn  from  diseased  seed,  following  seed  treatment, 
was  15.1  bushels,  or  46.9  per  cent,  with  odds  of  4,332  to  1,  on  the 
plots  where  the  previous  crop  was  corn,  as  compared  with  an  increase 
of  6.5  bushels,  or  13.3  per  cent,  with  odds  of  96  to  1,  where  corn  fol- 
lowed clover.  (Table  38.)  In  the  other  rotation  the  increase  in 
yield  following  seed  treatment  also  was  greater  where  corn  followed 
corn  than  where  corn  followed  soybeans,  3.7  bushels,  with  odds  of 
53  to  1,  as  compared  with  1.2  bushels,  with  odds  of  2  to  1. 

Additional  data  on  the  importance  of  previous  cropping  as  a  factor 
in  influencing  the  amount  of  the  increase  in  yield  following  seed  treat- 
ment are  given  in  Table  39.  Although  no  increases  in  yield  could  be 
attributed  to  seed  treatment  in  any  of  the  plots  following  a  legume 
crop,  there  were  substantial  increases  in  yield  due  to  seed  treatment 
where  corn  followed  corn  in  the  rotation. 
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Table  39. — Acre  yields  ^  of  yellow  dent  corn  from  untreated  and  treated  seed  of  a 
first-generation  cross,  Fi~250,  the  seed  of  which  showed  different  degrees  of  Basis'po' 
rium  infection;  corn  grown  on  plots  following  a  legume  and  on  plots  following 
corn,  planted  May  4,  1929,  at  the  University  of  Illinois  agronomy  farm,  Urbana, 

2  lilt 


Description  of  seed  lots,  a  part  of  each 
lot  coming  from  each  of  50  ears 


Lot  1:  Basisporium  spore  masses  on 
kernels  easily  visible  to  the  naked 
eye 

Lot  2:  Basisporium  spore  masses  on 
kernels  visible  only  with  magnify- 
ing glass 

Lot  3:  No  Basisporium  spore  masses 
on  kernels 


Previous  crop 


Legumes 
Corn 

J  Legumes 
ICorn.... 

/Legumes 
ICorn— . 


Acre  yield  from 


Untreated  Treated 


Bushels 

46.1 
28.4 


44.5 
32.6 

47.1 
30.6 


Bushels 

48.1 
37.4 

45.4 
37.2 

47.9 
36.6 


Licrease  (+)  or  de- 
crease (— )  in 
yield  following 
seed  treatment 


Bushels 

+2.0 
+9.0 

+.9 
+4.6 

+.8 
+6.0 


Per  cent 

+4.3 
+81.7 

+2.0 
+14.1 

+1.7 
+19.6 


Odds 


15:1 
50:1 

3:1 
20:1 

2:1 
46:1 


1  Averages  of  6  and  8  replications. 


TIME    OF    PLANTING 


Experiments  were  conducted  during  1927,  1928,  and  1929  in 
planting  good  seed,  untreated  and  treated,  at  four  successive  dates  in 
May  at  intervals  of  approximately  10  days.  Data  from  these  ex- 
periments are  presented  in  Table  40.  Under  the  conditions  repre- 
sented in  these  experiments  the  only  increase  in  yield  occurred  in  the 
first  planting,  1.4  bushels,  with  odds  of  494  to  1.  In  other  experi- 
ments, however,  very  substantial  increases  in  yield  following  treat- 
ment of  good  seed  have  come  from  plantings  near  the  middle  of  May 
that  were  followed  by  a  period  of  warm,  rainy  weather. 


Table  40. — Acre  yields  ^  of  yellow  dent  corn  from  good  seed  planted  at  four  dates, 
seed  untreated  and  seed  treated,  University  of  Illinois  agronomy  farm,  Urbana, 
III,  1927- 


Date  of  planting 


May  1  or  2-  - . 
May  11  or  12. 

May  21 

May  31 


Increase 

(+)  or  de- 

Acre yield 

crease  (-) 

from  un- 

in yield 

treated  seed 

following 

seed  treat- 

ment 

Bushels 

Bushels 

50.1 

+L4 

48.9 

+.4 

47.1 

-.5 

40.6 

-.1 

Odds 


494 


1  Ayerages  of  12  experiments  for  each  date  of  planting. 

COMPARISON  OF  COMMERCIALLY  AVAILABLE  DUSTS 

Data  on  the  corn-seed  disinfectants  commercially  available  at  the 
time  the  experiments  herein  reported  were  conducted  are  presented 
in  Table  41  and  summarized  in  Table  42. 
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Table  42. — Summarized  data  from  Table  4.1  showing  mean  increases  in  yield  from 
various  seed  selections  treated  with  certain  commercial  organic  mercury  disin* 
fectants^  1926-19^9 


• 

Increase  in  acre  yield  following  seed  treatment 
with— 

Veat  and  klhd  of  seed 

Bayer 
dust 

S.  F.  A. 
225 

Improved 

Semesan 

Jr. 

Merko 

Sterocide 

1926-27 
Diplodia-infected ._..^.. ^^.  .^ 

Bushels 

13.3 

5.9 

3.6 

3.8 

.2 

.6 

4.5 

2.2 

■' 

16.5 
12.1 

Bushels 
16.4 
7.7 
2.0 
3.6 
2.6 
.2 
6.4 
2.2 
1.6 

12.8 
8.6 
1.2 

.7 

Bushels 
16.6 
12.0 
2.8 
2.1 
1.6 
0 

6.8 
5.6 
1.9 

11.6 
13.3 
1.6 

Bushels 

Bushels 

Qibberella-infected         .                                   ^  . 

Basisporium-infected ......_-*_..^^^...> 

Fusarium-infected ^.^^^  ..— 

Cephalosporium-infected ........_ 

Scutellum-rot  susceptible 

Diseased  seed  lots  averaged 

Average  seed,  untested 

Nearly  disease-free 

1928 
Diplodia-infected 

12.1 
8.8 
.7 
.9 
4.2 
1.2 
4.7 
1.6 
2.4 
1.4 

19.2 
8.6 
1  -1.4 
3.6 
7.6 
.6 
2.5 
7.2 
1.2 

Qibberella-infected                                     .          .    . 

Fusarium-infected 

Cephalosporium-infected 

3.5 
.4 
6.0 
1.7 
2.9 
3.1 

28.2 
6.0 
1.1 
9.8 

11.3 
3.0 
2.8 
8.0 
1.9 

Scutellum-rot  susceptible                  .    . 

.8 
4.0 

Diseased  seed  lots  averaged 

Average  seed,  untested                        _    ..  . 

Average  farmers'  seed 

2.2 

1-.4 

Nearly  disease-free                              .  .  .  . 

1.5 

1929 
Diplodia-infected 

18.3 

Qibberella-infected                                         

6.8 

2.0 

Scutellum-rot  susceptible                                . 

2.4 

7.4 

Average  farmers'  seed 

1.8 

AvprAE^n  SAfld 

Qood  seed,  untested                                            

7.6 

Nearly  disease-free 

1.3 

1  Decreases  in  yield  following  seed  treatment. 


EFFECT  OF  SEED  TREATMENT  ON  RATE  OF  DROP  FROM  CORN  PLANTER 

Koehler  and  Shawl  {9)  reported  that  treated  seed  dropped  some- 
what more  irregularly  than  untreated  seed,  the  accuracy  of  drop 

being  decreased  5  percent.    The 

%    \    ^ 


total  corn  dropped  in  a  given 
time,  however,  was  not  affected 
appreciably.  In  other  studies 
conducted  by  the  senior  writer 
of  this  bulletin  it  was  found  that 
the  variety  of  corn  and  the  se- 
lection of  planter  plates  for  the 
particular  type  and  size  of  ker- 
nels concerned  were  important 
factors  in  determining  the  ex- 
tent to  which  seed  treatment 
influenced  rate  and  accuracy  of 
drop.  With  well-graded  seed 
corn  and  proper-sized  planter 
plates,  it  was  found  possible  to  secure  a  satisfactory  rate  of  drop  with 
seed  treated  with  dust  disinfectants,  data  on  which  are  given  in 
Tables  41  and  42. 


ryp£:y^7'£:£> 


\ 

Figure  19.— Average  acre  yields  from  good  seed,  un. 
tested  and  tested,  and  untreated  and  treated.  (Data 
from  Table  43) 
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POSSIBLE  PLACE  OF  SEED  TREATMENT  IN  CORN  PRODUCTION  AND  IMPROVEMENT 

Data  on  the  value  of  seed  treatment  on  well-selected  lots  of  seed 
corn,  untested  and  tested,  are  given  in  Table  43,  summarized  in 
Table  44,  and  presented  graphically  in  Figure  19.  Averaging  the 
results  from  the  11  experiments,  the  use  of  seed  treatment  increased 
the  acre  yield  of  good  untested  seed  4.9  bushels,  with  odds  of  9,999 
to  1,  and  good  tested  seed  2.4  bushels,  with  odds  of  399  to  1.  (Table 
43.)  Under  the  conditions  represented  by  these  experiments,  seed 
treatment  was  equally  as  effective  as  the  germination  test  in  increasing 
yields,  72.8  bushels  as  compared  with  71.8  bushels. 

Consistent  increases  in  jdeld  have  been  secured  from  the  use  of 
seed  treatments  on  well-selected  lots  of  seed  capable  of  producing 
satisfactory  yields.  The  5deld  of  average  farmers'  seed  was  increased 
about  3  bushels  by  seed  treatment.     (Table  42.) 

Such  data  would  seem  to  indicate  that  the  use  of  seed  treatment 
is  not  incompatible  with  corn-breeding  and  corn-improvement 
programs. 

Table  43. — Acre  yield  of  corn  grown  from  well-selected  but  untested  seed,  from  well- 
selected  seed  testing  nearly  disease-free  on  the  germinator,  and  from  seed  untreated 
and  seed  treated  with  hydroxymercuricresol  {improved  Semesan  Jr.),  in  central 
Illinois,  1927-1929 


Location    of   experi- 
ment and  year 

Variety  and  kind  of  seed 

RepU- 
cations 

Acre  yield  from 
seed- 

Increase   in   yield 
following      sded 

Untreated 

Treated 

treatment 

Bloomington(1927)..- 

Funk  90-Day: 

Good,  untested          

Number 
8 
8 

8 
8 

20 
20 

6 
6 

20 
20 

12 
12 

12 
12 

12 
12 

20 
20 

10 
10 

16 
16 

Bushels 
42.2 
49.2 

49.9 
54.1 

81.6 
8L0 

69.0 
72.9 

64.7 
69.4 

75.4 

77.4 

85.3 
84.9 

98.6 
109.0 

64.8 
68.4 

63.2 
66.6 

52.3 
56.8 

Bushels 
50.6 
49.5 

57.1 
57.5 

8L8 
82.2 

76.8 
74.7 

68.4 
73.2 

75.9 
77.6 

89.9 
85.3 

.      104.2 
110.6 

69.2 
69.8 

66.6 
73.8 

60.3 
6L7 

Bushels 

8.4 

.3 

7.2 
3.4 

.2 

1.2 

7.8 
1.8 

3.7 
3.8 

.6 
.2 

4.6 
.4 

5.6 
1.6 

4.4 
1.4 

3.4 
7.2 

8.0 
4.9 

Odds 
1,523:1 
1:1 

Good,  tested 

Do 

Funk  176-A: 

Good,  untested 

4,999:1 
31:1 

Good,  tested 

Bloomington  (1928)... 

University  of  lUinois  Yellow 
Dent: 
Good,  untested 

1-1 

Good,  tested 

4:1 

GranviUe  (1928) 

University  of  Illinois  Yellow 
Dent: 
Good,  untested 

60:1 

Good,  tested    

2*1 

Bloomington  (1928). - 

Funk  176-A: 

Good,  untested 

434*1 

Good,  tested 

1,821:1 
I'l 

Qalesburg  (1928)  »-- 

Yellow  dent  (McBride  strain): 
Good,  untested          

Good,  tested 

1:1 

Galesburg  (1928)  «-- 

YeUow  dent  (McBride  strain) : 
Good,  untested 

89:1 

Good,  tested 

2:1 

Hillsdale  (1928) 

Fj-250: 

Good,  untested 

179:1 

Good,  tested    

5*1 

Bloomington  (1928) ». 

Yellow  dent: 

Good,  untested  .  .  

>9, 999:1 
42' 1 

Good,  tested    .. 

Bloomington  (1928)  *. 

Yellow  dent: 

Good,  untested . .      

Good,  tested  

28:1 
>9, 999:1 

>9, 999:1 
99:1 

Bloomington  (1929).- 

Hybrid  517: 

Good,  untested...  

Good,  tested..-. 

/Good,  untested 

67.9 
7L8 

72.8 
74.2 

4.9 
2.4 

>9, 999:1 
399*1 

Average... 

(Good,  tested... 

»  Experimental  plots  on  soil  that  had  received  no  special  soil  treatment. 

'  Experimental  plots  on  soil  that  had  received  manure,  rock  phosphate,  and  limestone. 

» Early  planting. 

« Later  planting  on  more  productive  soil. 
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Table  44- — Summarized  data  from  Table  43  on  the  value  of  seed  treatment  with 
Semesan  Jr.,  on  well-selected  seed,  untested  and  tested,  central  Illinois,  1927-1929 


Description  of  seed 


Good  seed,  untested  and  untreated 
Good  seed,  tested  and  untreated.. . 
Good  seed,  untested  and  treated... 
Good  seed,  tested  and  treated 


Acre 
yield 


Bushels 
67.9 
71.8 
72.8 

74.2 


Increase  in  acre 
yield  over  good 
seed,  untested 
and  untreated 


Bushels 


3.9 
4.9 


Odds 


1,099:1 

>9, 999:1 

3,665:1 


SUMMARY 

Investigations  on  the  value  of  corn-seed  disinfectants  have  been 
conducted  over  a  period  of  11  years. 

At  the  beginning  of  this  period  liquid  treatments  were  more  effec- 
tive than  the  dust  disinfectants  that  were  then  available.  At  the 
present  time  dust  disinfectants  have  entirely  replaced  the  liquid 
treatments. 

Suitable  corn-seed  dust  disinfectants  are  effective  in  controlling 
such  infections  of  Diplodia  and  Gibberella  as  occur  in  well-selected 
lots  of  seed.  These  dust  disinfectants  also  aid  in  controlling  other 
seed-borne  diseases  and  offer  some  protection  against  soil-borne 
diseases. 

The  use  of  seed  treatments  is  usually  followed  by  better  stands  and 
increased  early  vegetative  growth.  Occasionally  corn  grown  from 
treated  seed  has  had  somewhat  greater  resistance  to  lodging.  Ear 
rots  were  slightly  reduced  by  the  use  of  seed  treatments.  The  yield 
of  corn  grown  from  average  farmer's  seed  was  increased  about  3 
bushels  by  the  use  of  the  better  corn-seed  dust  disinfectants. 

With  well-selected  lots  of  seed  under  proper  storage  conditions, 
seed  treatment  was  found  to  be  as  effective  as  the  germination  test 
in  increasing  yields. 

It  appears  that  seed  treatment  may  be  considered  and  used  as  an 
effective  means  of  guarding  against  such  losses  as  result  from  seed- 
borne  infections  and  soil-borne  diseases  that  adversely  affect  corn 
plants  during  the  young-plant  stage. 
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INTRODUCTION 

For  several  years  the  writer  has  studied  the  life  histories  of  cer- 
tain species  of  Ribes  ^  on  their  natural  sites  in  the  white  pine  {Pinus 
strohus  L.)  region  of  New  York  State.  Ribes  are  primarily  im- 
portant in  white  pine  regions  as  the  alternate  hosts  necessary  for 
the  spread  of  the  white  pine  blister  rust,  caused  by  Cronartium 
rihicola  Fischer.  This  destructive  fungous  disease  may  be  controlled 
locally  by  the  removal  of  Ribes  plants  growing  within  infecting 
range  of  the  white  pines  to  be  protected  {16^  20).^ 

Economic  practices  for  the  removal  of  Ribes  to  protect  valuable 
white  pine  stands  have  been  developed  and  are  being  applied  in  the 
inf ecte'd  Eastern  States.  The  extent  and  duration  of  control  obtained 
by  applying  these  practices  depends  upon  the  thoroughness  with 
which  the  work  is  done  and  upon  the  rate  of  increase  of  Ribes  in  size 
and  numbers  on  the  control  area.  This  increase  comes  about  through 
the  continued  growth  of  plants  that  are  missed  or  incompletely  re- 
moved and  through  the  establishment  of  new  plants  from  seeds. 
The  number  of  plants  missed  or  incompletely  removed  is  governed 


1  The  germination  tests  were  made  at  the  Boyce  Thompson  Institute  and  in  the 
department's  seed  laboratory.  The  writer  is  indebted  to  William  Crocker,  director  of  the 
institute,  and  Johanna  Giersbach,  the  latter  making  the  tests,  for  permission  to  include 
the  results  in  this  bulletin.  Credit  is  due  W.  L.  Goss,  botanist,  for  the  tests  made  in 
the  department. 

2  The  term  "  Ribes  "  when  used  collectively  in  this  bulletin  refers  to  members  of  the 
family  Grossulariaceae  Dumort  (currants  and  gooseberries). 

3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  39. 
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by  the  thoroughness  of  the  initial  eradication  operation.  Efficient 
Kibes-eradication  work  normally  removes  all  the  plants  capable  of 
fruiting  within  the  next  several  years.  This  interrupts  the  local 
production  of  Ribes  seeds  but  does  not  eliminate  seeds  that  may 
have  been  produced  prior  to  the  eradication.  The  importance  of 
the  latter  in  restocking  control  areas  with  Ribes  depends  on  these 
seeds  retaining  their  viability  until  such  time  as  favorable  conditions 
arise  for  their  germination  and  the  growth  of  the  resulting  seedlings. 

If  Eibes  seeds  can  retain  their  viability  for  only  three  or  four 
years,  the  supply  of  seeds  available  for  restocking  an  area  kept 
free  of  fruit-bearing  bushes  will  be  limited  to  seeds  surviving  from 
the  last  three  or  four  fruiting  seasons  immediately  preceding  the 
first  eradication.  Moreover,  if  any  restocking  is  to  result  from 
these  seeds,  conditions  favorable  for  their  germination  will  have  to 
occur  within  three  or  four  years  after  seed  production  is  ended  by 
the  eradication  of  all  the  fruit-producing  bushes.  Therefore,  if 
Ribes  seeds  are  so  short-lived,  the  danger  that  areas  kept  free  of 
fruit-producing  bushes  will  become  restocked  with  Ribes  from 
locally  produced  seeds  is  slight  and  ceases  entirely  after  a  period 
equivalent  to  that  during  which  the  seeds  remain  viable. 

However,  if  Ribes  seeds  lying  in  the  forest  floor  have  the  power 
of  remaining  dormant  for  many  years,  the  supply  of  viable  seeds 
available  for  restocking  an  area  after  eradication  may  be  relatively 
large  as  the  result  of  these  seeds  accumulating  over  many  seasons. 
Under  this  assumption,  restocking  of  the  area  with  Ribes  will 
promptly  occur  whenever  conditions  are  favorable  for  seed  germina- 
tion and  seedling  survival.  Thus,  Ribes  plants  would  have  an  im- 
portant means  of  renewing  their  representation  in  the  flora  of  forest 
areas  after  periods  of  years  unfavorable  for  their  growth  and  repro- 
duction. 

The  ability  of  any  plant  species  to  regain  a  foothold  promptly  on 
its  natural  sites  following  periods  during  which  environmental  con- 
ditions prohibit  the  reproduction  and  growth  of  that  species  on  such 
sites  depends  largely  on  the  adaptation  of  its  seeds  for  longevity  or 
for  wide  dissemination.  Observations  have  shown  that  a  period  of 
considerable  length,  during  which  sites  favorable  for  the  reproduction 
and  growth  of  Ribes  become  decidedly  unfavorable,  occurs  during 
the  life  of  many  stands  of  white  pine  in  New  York  State.  It  was 
also  observed  that  white  pine  areas  from  which  the  Ribes  h^id  been 
eradicated,  as  well  as  areas  supporting  dense  stands  of  white  pine 
from  which  the  Ribes  had  disappeared  naturally,  became  restocked 
with  numerous  Ribes  seedlings  following  certain  disturbances  of  the 
forest  floor.  The  abundance  and  prompt  appearance  of  these  seed- 
lings suggested  that  they  came  from  seeds  already  present  on  the 
areas  rather  than  from  seeds  recently  disseminated  from  an  outside 
source. 

This  bulletin  reports  observations  and  the  results  of  systematic 
studies  of  the  longevity  of  Ribes  seeds,  particularly  those  of  Ribes 
TotuTidi folium  Michx.,  and  of  the  conditions  under  which  they  ger- 
minate. This  species  is  one  of  the  more  common  wild  gooseberries 
of  the  white  pine  region  of  New  York  State. 
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REVIEW  OF  LITERATURE 

Very  little  information  on  either  the  germination  or  the  longevity 
of  Ribes  seeds  is  available  in  literature.  The  seeds  of  cultivated 
species  of  currants  and  gooseberries  have  received  but  slight  atten- 
tion from  investigators,  because  these  plants  are  propagated  largely 
by  stem  cuttings.  The  seeds  of  wild  species  of  Ribes  have  escaped 
thorough  investigation  largely  because  these  plants  were  unimportant 
shrubs  of  pasture,  forest,  and  waste-land  plant  associations  until 
their  eradication  became  necessary  as  a  means  of  preventing  serious 
blister-rust  damage  to  our  valuable  stands  of  white  pine. 

The  literature  on  the  subject  of  longevity  of  seeds  is  extensive,  but 
only  a  small  part  of  it  deals  with  seeds  occurring  in  forest  duff  or 
humus,  and  in  this  part  only  one  record  of  Ribes  seeds  was  found. 
However,  a  brief  review  of  some  of  the  literature  dealing  with  the 
longevity  of  seeds  other  than  those  of  Ribes  will  serve  by  analogy 
to  establish  a  basis  for  the  discussion  of  new  observations  on  the 
longevity  of  Ribes  seeds.  For  the  sake  of  clarity,  the  literature 
will  be  considered  chronologically  under  each  of  three  headings : 
Records  of  seed  longevity,  causes  of  seed  dormancy,  and  characteris- 
tics of  Ribes  seeds. 

RECORDS  OF  SEED  LONGEVITY 

As  early  as  1832  De  Candolle  (^,  v.  2,  p.  618)  stated : 

All  the  means  of  dissemination  of  seeds  are,  despite  their  diversity,  sub- 
ordinate to  another  class  of  phenomena,  namely,  the  varying  degree  in  which 
each  seed  conserves  more  or  less  its  power  to  germinate.* 

He  wrote  of  the  temporary  reappearance  after  each  logging  of 
tree  species  different  from  those  which  made  up  the  lumbered  forest 
and  concluded  that  the  seeds  of  these  temporary  species  remained 
viable  in  the  soil  during  the  20,  30,  50,  or  100  years  that  the  site  was 
monopolized  by  the  timber  species.  He  observed  (^,  v.  ^,  p,  620) 
that- 
certain  portions  of  soil  which,  by  reason  of  terracing  work,  were  exposed  to 
the  air  after  several  centuries,  covered  themselves  the  first  year  with  a  multi- 
tude of  individuals  belonging  to  certain  species,  sometimes  uncommon  in  the 
vicinity,  and  the  seeds  of  which  evidently  had  been  preserved  in  the  soil. 

In  1885  Beal  {3)  reported  preliminary  results  of  an  experiment 
with  buried  seeds.  In  the  autumn  of  1879  he  placed  20  lots  of  fresh 
seeds  of  21  plants,  50  seeds  of  each,  in  earth  in  uncorked  bottles. 
These  bottles  were  buried  about  20  inches  below  the  surface  of  the 
ground  on  a  sandy  knoll,  together  with  20  lots  of  seeds  of  2  other 
species  which  were  too  large  to  be  included  in  the  bottles.  The  latter 
seeds  were  apparently  decayed  when  he  dug  down  to  them  three 
years  later.  On  July  25,  1884,  he  took  up  one  bottle,  presumably 
containing  seeds  of  21  species,  and  kept  the  contents  under  conditions 
for  germination  until  the  middle  of  November,  1884,  and  from  June 
25  to  July  31,  1885.  The  partly  completed  results  of  these  tests  on 
July  31,  1885,  showed  that  germination  was  secured  either  in  1884  or 
1885  from  13  out  of  21  species  tested.  More  recent  results  of  this 
experiment  as  reported  by  Darlington  {8)  will  be  discussed  later. 

<  Translated. 
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In  1893  Peter  (18)  reported  results  of  germination  secured  from 
soil  samples  taken  from  forests  which  had  been  growing  for  known 
periods  on  formerly  cultivated  fields.  From  such  samples  he  secured 
the  germination  of  numerous  farm  weeds,  some  of  which,  he  esti- 
mated, grew  from  seeds  that  had  been  lying  in  the  soil  for  100  years. 

In  1894  the  Gardeners'  Chronicle  (i)  related  an  observation  of 
the  longevity  of  weed  seeds  in  a  field  which  had  been  seeded  down 
to  grass  and  kept  as  a  hayfield  and  pasture.  Sixteen  years  after  the 
elimination  of  the  seed  source,  a  heavy  wagon  was  taken  across  this 
field  after  a  hard  frost  and  thaw ;  the  wheels,  sinking  deeply,  tore  up 
the  ground.  The  following  spring  these  furrows  were  filled  with 
charlocks  {Siruxpis  arvenms  L.),  although  there  was  not  another 
charlock  to  be  seen  in  the  field. 

In  1905  Duvel  {9)  reported  preliminary  results  of  an  experiment 
concerning  the  germination  of  seeds  buried  in  the  ground  in  1902. 
He  placed  32  complete  sets  of  112  samples  of  seeds  representing  109 
species  of  plants,  mixed  with  heavy  clay  soil,  in  well-baked  earthen 
pots.  These  3,584  pots,  covered  with  inverted  clay  saucers,  were 
buried  outdoors  at  three  different  depths,  8  complete  sets  at  6  to 
8  inches,  12  complete  sets  at  18  to  22  inches,  and  the  remaining  12 
complete  sets  at  36  to  42  inches  below  the  surface  of  the  ground. 
Germination  tests  were  made  in  1902  of  samples  of  the  bulk  lots 
represented  in  the  sets.  Control  samples  from  the  same  bulk  lots 
were  stored  in  cloth  bags  in  a  dry  room.  The  first  complete  series 
of  three  sets  of  pots  were  taken  up  in  November,  1903,  11  months 
after  they  had  been  buried.  The  contents  of  the  pots  were  spread 
on  sand  in  greenhouse  flats  for  germination  tests  along  with  corre- 
sponding control  samples  which  had  been  stored  air-dry. 

Of  the  112  samples  in  each  of  the  sets,  the  results  from  1  should 
be  discarded,  as  repeated  tests  failed  to  show  any  seeds  from  the 
bulk  samples  capable  of  germination.  Twelve  samples,  buried 
samples  and  controls  as  well,  gave  only  negative  results  when  tested 
in  the  greenhouse.  Some  samples  of  all  of  the  99  remaining  showed 
some  germination.  Of  these  99  samples  in  the  buried  sets,  10  were 
unmistakably  decayed  Avhen  taken  up  and  were  not  tested ;  14  were 
seemingly  decayed  but  were  tested,  giving  negative  results;  and 
75  retained  some  vitality  at  one  or  more  of  the  three  depths  of 
burial.  No  data  are  available  for  2  of  these  75  samples,  their  tests 
having  been  interrupted.  The  buried  seeds  from  one  or  more  of  the 
three  depths,  in  16  of  the  remaining  73  samples,  showed  higher 
germination  than  that  secured  from  the  1902  tests  of  the  bulk  lots. 
Similarly,  as  compared  with  the  controls  stored  air-dry,  the  buried 
seeds  showed  higher  germination  than  the  controls  in  21  of  the  73 
samples. 

Although  Duvel  (P,  p.  20)  concluded  that  "  Vitality  is  best  pre- 
served, even  in  weed  seeds,  when  the  seeds  are  carefully  harvested 
and  stored  in  a  dry  and  comparatively  cool  place,"  his  data  seem 
to  indicate  that  in  several  species  the  germination  of  seeds  was 
increased  by  11-months'  burial,  not  only  over  that  of  seeds  kept  in 
dry  storage  but  over  that  of  fresh  seeds  as  well.  Later  results  of 
this  experiment,  as  reported  by  Goss  (ii),  will  be  considered  in  due 
order. 
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In  1908  Ewart  {10^  p.  190)  stated,  while  discussing  the  biological 
value  of  hard  seeds,  that  such  seeds  distribute  themselves  in  time 
rather  than  space,  some  of  each  year's  crop  "being  destined  to  re- 
main germinable  in  the  soil  for  very  many  years  until  the  parent 
plants  have  been  cleared  off  by  fire  and  drought."    He  suggested: 

To  some  extent  these  macrobiotic  seeds  are  adaptations  to  busli  fires  *  *  *. 
Such  bush  fires,  after  burning  off  tlie  humus  more  or  less,  not  only  partially 
expose  the  seeds,  but  leave  behind  an  alkaline  ash,  which  the  next  rain  falling 
on  the  warm  ground  aids  in  softening  the  coats  of  the  hard  seeds,  and  bringing 
about  their  germination  *  *  *.  In  addition,  slight  charring  of  the  surface 
of  the  seed  makes  it  permeable  to  water  without  necessarily  destroying  the 
vitality  of  the  contents. 

He  continued  with  this  observation  {10^  f.  191)  : 

I  have,  in  fact,  found  Acacia  seeds  deeply  buried  in  the  soil  of  Gum  forests, 
where  no  other  signs  of  their  presence  could  be  seen,  and.  where  no  otlier 
Acacias  were  present  within  at  least  a  mile. 

He  found  Acacia  seeds  in  undisturbed  Acacia  forests  as  far  as  18 
inches  below  the  surface  of  the  ground  which  gave  perfect  germi- 
nation. 

In  the  deeper  layers  of  soil  the  only  seeds  that  remain  viable  are 
likely  to  be  the  hard  macrobiotic  ones,  and  Ewart  found  that  all  such 
seeds  from  below  the  surface  needed  treatment  to  produce  swelling 
and  germination,  which  he  accomplished  with  the  use  of  sulphuric 
acid. 

Ewart  also  tested  the  seeds  of  over  600  species  of  plants  that  had 
been  untouched  in  the  original  packages  stored  in  a  dry,  airy,  dark 
cupboard  for  50  years,  and  secured  some  germination  of  seeds  of  17 
species.  Among  these  was  a  lot  of  1,000  seeds  of  MelUotus  gracilis 
DC,  from  which  he  secured  70.3  per  cent  germination.  Ewart  tested 
other  lots  of  seeds  stored  for  periods  varying  up  to  105  years.  He 
listed  83  records  of  germination  of  seeds  ranging  in  age  from  51  to 
105  years,  including  57  species  of  plants. 

In  addition  to  listing  the  results  of  his  own  tests,  which  numbered 
nearly  3,000,  Ewart  included  in  his  voluminous  lists  many  germina- 
tion-test results  of  other  workers,  including  Becquerel,  De  Candolle, 
Desmoulins,  Girardin,  Heldreich,  Hemsley,  Lindley,  Michalet,  Peter, 
Poisson,  Salter,  Sirodot,  and  White.  Some  of  these  dealt  with  fresh 
seeds,  others  with  old  seeds  stored  under  air-dry  conditions  for  more 
or  less  definite  periods,  or  in  soil  or  submerged  sea  mud  for  indefinite 
periods.  He  discounted  severely  the  results  of  workers  with  seeds 
stored  in  soil  for  indefinite  periods  and  drew  his  conclusions  of  via- 
bility largely  from  the  tests  of  seeds  preserved  in  dry  conditions, 
stating  {10,  p.  181)  : 

It  might  be  argued  that  the  seed  might  last  longer  in  the  soil  than  when  dried 
in  air,  but  Duvel's  comparisons  of  the  germination  of  seeds  buried  in  soil  for  a 
year,  with  the  same  preserved  dry  in  air  for  a  year,  show  that  as  a  matter  of 
fact  the  reverse  is  the  case  with  all  ordinary  seeds.  The  only  apparent  excep- 
tions appear  to  be  with  those  hard  seeds  which  Duvel  seems  not  to  have  known 
how  to  treat  to  induce  germination. 

Ewart  concluded  his  paper  by  dividing  all  plant  seeds  into  three 
biological  classes  according  to  their  duration  of  life  under  optimal 
conditions :  Microbiotic,  seeds  whose  duration  of  life  does  not  exceed 
3  years;  mesobiotic,  seeds  which  may  remain  viable  from  3  to  15 
years;  and  macrobiotic,  seeds  which  may  remain  viable  from  15  to 


over  100  years.  This  last  class  includes  the  least  number  of  species, 
is  "  characterized  by  cuticularised  or  more  or  less  impermeable  seed 
coats,"  and  "  is  restricted  to  a  few  natural  orders,  of  which  the  Legu- 
minosae  greatly  surpass  all  others,  while  the  Malvaceae  and  Myrta- 
ceae  come  next  in  importance."  Ewart  {10,  f.  181^.-185)  did  not  in- 
clude any  close  relatives  of  Ribes  in  his  list  of  macrobiotic  seeds ;  in 
fact  he  stated  :  "  Macrobiotic  seeds  are  all  seeds  which  show  no  special 
adaptation  for  dispersal  *  *  *  adhesive  seeds  or  fruits  are  con- 
spicuously absent  among  them."    He  stated  further  {10^  f.  199) : 

Even  the  most  i^sistant  seeds  after  50  to  100  years  show  a  pronounced  de- 
crease in  the  percentage  germination,  and  the  general  trend  of  the  curves  is 
such  as  to  show  that  the  probable  extreme  duration  of  vitality  for  any  Ivnown 
seed  may  be  set  between  150  and  250  years  (Leguminosae). 

It  would  seem  that  Ewart,  in  omitting  records  of  seeds  stored  in 
mineral  soil,  humus,  or  duff  from  due  consideration  overlooked  what 
may  constitute  optimal  conditions  for  the  preservation  of  vitality  in 
the  seeds  of  some  species  of  plants.  As  a  result,  his  list  and  descrip- 
tion of  macrobiotic  seeds,  based  largely  on  his  own  tests  of  air-dried 
samples,  is  far  from  complete  in  regard  to  the  families  and  even  the 
orders  of  the  plant  kingdom  represented,  as  will  be  shown  later. 

In  1915  Howard  {13)  reported  finding  that  the  seeds  of  more  than 
half  of  the  plant  species,  both  wild  and  cultivated,  growing  around 
Columbia,  Mo.,  have  a  distinct  period  of  dormancy. 

In  1917  Hofmann  {12)  published  considerable  evidence  of  the  seed- 
storage  role  of  the  forest  floor,  particularly  in  regard  to  seeds  of 
forest  trees  in  the  Northwest.  His  results  indicate  the  possibility 
that  seeds  of  some  forest  trees  will  retain  their  viability  in  duff  for 
at  least  10  years. 

In  1922  Darlington  {8)  reported  the  latest  results  of  the  experi- 
ments started  by  Beal  {3).  After  40  years'  burial,  some  seeds  of 
10  species  were  found  to  have  retained  their  power  of  germination. 
Among  these  were  seeds  belonging  to  five  orders  and  seven  families 
(Gray's  classification)  that  are  new  to  E wart's  list  of  macrobiotic 
seeds. 

Perhaps  the  most  convincing  record  of  longevity  of  hard  seeds  is 
that  reported  in  1923  by  Ohga  {17).  He  secured  100  per  cent  ger- 
mination of  35  seeds  of  Nelmnbo  nucifera  Gaertn.,  the  Hindu  lotus, 
which  had  been  found  buried  from  one-half  to  two-thirds  of  a  meter 
below  the  ground  surface  of  the  Pulantien  River  Valley  in  southern 
Manchuria,  and  12^2  meters  above  the  present  water  level  of  the 
river.  Judging  from  the  age  of  willows  on  the  bed  of  this  former 
lake  and  from  the  rate  of  lowering  of  the  water  level  of  the  river, 
he  estimated  the  minimum  length  of  the  period  of  storage  at  120 
years,  adding,  "  although  it  is  probable  that  the  seeds  have  remained 
buried  200  years  or  even  400  years."  Even  after  this  remarkably 
long  period  of  dormancy,  the  seed  coats  had  to  be  filed  before  ger- 
mination could  be  induced. 

In  1924  Goss  {11)  reported  the  latest  results  of  experiments 
started  by  Duvel  {9).  Goss  obtained  some  germination  of  seeds  of 
plants  belonging  to  13  orders  and  19  families  (Gray's  classification) 
after  20  years'  burial  in  soil.  Of  these,  8  orders  and  16  families 
are  new  to  Ewart's  list  of  macrobiotic  seeds.  Results  by  Goss  check 
very  closely  with  those  reported  by  Darlington  for  the  same  species. 
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The  results  of  germinative  tests  of  seeds  of  known  age,  from  the 
principal  authoritative  records  in  the  literature,  are  summarized  in 
Table  1.  This  table  shows  that  some  seeds  germinated  after  being 
kept  air-dry  for  105  years,  the  maximum  age  tested;  and  that  some 
seeds  were  still  germinable  after  burial  in  soil  for  40  years,  the 
maximum  period  reported  for  seeds  buried  experimentally.  The 
works  of  Peter  (18)  and  Ohga  (17)  with  seeds  buried  for  estimated 
periods  of  50  to  more  than  120  years  indicate  that  some  seeds  lying 
in  soil  or  peat  remain  viable  for  periods  greatly  in  excess  of  those  so 
far  tested  in  controlled  experiments. 

There  can  be  no  doubt  that  some  seeds  retain  their  power  of 
germination  for  many  years,  perhaps  in  some  cases  for  centuries, 
and  that  seeds  wdth  hard  coats  are  especially  prominent  among  those 
found  to  be  long-lived. 


Table  1. 


-Sumnianj  of  results  of  ffemiimttive  tests  of  seeds  of  known  age,  from 
the  principal  autluyritative  records  in  the  literature 


Treatment  and  number  of  years 
stored 


Number  retaining 

Percentage  retain- 

Number tested 

some     germina- 

ing some  germi- 

tive power 

native  power 

Species 

Samples 

Species 

Samples 

Species 

Samples 

105 

110 

102 

107 

97 

97 

104 

204 

90 

182 

87 

89 

37 

138 

29 

94 

78 

68 

357 

462 

141 

192 

39 

42 

206 

250 

57 

68 

28 

27 

806 

968 

50 

61 

6 

6 

922 

1,102 

50 

74 

5 

7 

28 

32 

5 

7 

18 

22 

5 

5 

2 

2 

40 

40 

104 

327 

71 

196 

68 

60 

104 

327 

61 

173 

59 

53 

23 

23 

13 

13 

57 

57 

106 

333 

68 

176 

64 

53 

20 

20 

11 

11 

55 

55 

106 

333 

68 

189 

64 

57 

20 

20 

13 

13 

65 

65 

106 

329 

51 

128 

48 

39 

20 

20 

11 

11 

55 

55 

106 

333 

51 

140 

48 

42 

20 

20 

11 

11 

55 

55 

20 

20 

9 

9 

45 

45 

20 

20 

6 

6 

30 

30 

22 

22 

10 

10 

45 

45 

Refer- 
ence in 
the  liter- 
ature 
cited 


Seeds  stored  in  dry  air: 

Fresh. 

1 

0-3 

4-15 

16-25 

26-50 

51-75 

76-100.. 

101-105 

Seeds  buried  in  soil: 

1 .._. 

3 

5 .— 

6 

10 

10... 

15 

16 

20 

20 

25... 

30 

35 

40 


CAUSES  OF  SEED  DORMANCY 


In  1832  De  Candolle  (4,  v.  ^,  p.  628)  stated : 

The  germination  of  a  perfect  seed  can  come  about  only  by  the  reunion  of 
three  agents,  moisture,  oxygen,  and  a  certain  degree  of  heat;  these  are  the 
conditions  essential  to  the  phenomenon ;  all  others  amount  to  nothing  but  causes 
which  may  facilitate  or  hinder  it. 

De  Candolle  also  stated  that  fully  matured  seeds  retain  their  vital- 
ity for  varying  lengths  of  time  when  these  three  conditions  necessary 
to  germination  do  not  occur  simultaneously.  He  believed  that  the 
restriction  of  oxygen  and  moisture  is  the  factor  that  preserves 
vitality  in  seeds  buried  deeply  in  the  ground. 

Duvel  (^,  p.  17-18)^  in  the  buried-seed  experiments  already  dis- 
cussed, found  that  the  average  percentages  of  germination  for  the 
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seeds  buried  11  months  at  depths  of  6  to  8  inches,  18  to  22  inches,  and 
36  to  42  inches  were  20.5,  26.5,  and  31.0,  respectively.  Duvel  ex- 
plained the  fact  that  the  average  germination  increased  with  the 
depth  at  which  the  seeds  had  been  buried  as  probably  due  to  a  differ- 
ence in  the  three  factors  that  govern  germination — heat,  moisture, 
and  oxygen.    He  also  stated : 

The  greater  number  of  seeds  germinate  best  when  subjected  to  daily  alterna- 
tions in  temperature.  These  alternations  do  not  take  place  at  a  depth  of  3 
feet  below  the  surface ;  consequently  there  is  a  better  preservation  of  vitality 
at  that  depth  as  a  result  of  the  more  dormant  condition  of  the  seeds. 

Duvel  apparently  did  not  consider  the  restrictions  of  moisture  and 
oxygen  imposed  on  the  germination  of  hard-coated  seeds  by  the  seed 
coat  itself.     Of  such  seeds,  Crocker  (6,  p.  285)  stated : 

In  nature,  in  short,  they  have  the  most  favorable  storage  conditions  up  to 
the  time  when  the  coats,  through  partial  decay  or  long  exposure  to  water,  admit 
moisture  an.d  germination  begins.  It  is  not  wonderful  that  such  seeds  lie  in 
the  ground  twenty  to  twenty-five  years  and  yet  retain  their  vitality. 

Crocker  also  suggested  the  influence  of  restrictions,  due  to  deep 
burial,  on  the  oxygen  and  moisture  necessary  for  the  germination  of 
seeds. 

Crocker  (7,  p.  99-100)  stated  in  a  later  work: 

In  plants  of  the  Temperate  Zone,  the  seeds  generally  have  a  rest  period 
*  *  *  more  general  and  much  more  persistent  among  wild  than  cultivated 
forms  *  *  *.  Seeds  of  many  plants  have  a  dormancy  that  persists  only 
until  the  spring  following  ripening.  Others  are  carried  over  two  or  more 
winters  in  the  quiescent  condition,  while  still  others  have  the  germination  of 
a  single  crop  distributed  over  the  growing  season  of  from  one  to  many  years. 

He  gave  the  following  as  causes  for  dormancy  of  seeds  {7^  p.  105)  : 

Rudimentary  embryos  that  must  mature  before  germination  can  begin. 

Complete  inhibition  of  water  absorption. 

Mechanical  resistance  to  the  expansion  of  the  embryo  and  seed  contents  by 
enclosing  structures. 

Encasing  structures  interfering  with  oxygen  absorption  by  the  embryo  and 
perhaps  carbon  dioxide  elimination  from  it,  resulting  in  the  limitation  of 
processes  dependent  upon  these. 

A  state  of  dormancy  in  the  embryo  itself  or  some  organ  of  it,  in  consequence 
of  which  it  is  unable  to  grow  when  naked  and  supplied  with  all  ordinary 
germinative  conditions. 

Combinations  of  two  or  more  of  these. 

Assumption  of  secondary  dormancy. 

Crocker  attributed  most  of  the  delay  in  germination  of  seeds  to 
the  influence  of  the  seed-coat  characters,  especially  to  the  exclusion 
of  moisture  and  oxygen  by  hard  seed  coats. 

Investigators  seem  to  agree  generally  that  burial  of  seeds  may 
prevent  germination  by  restricting  some  or  all  of  the  three  factors, 
oxygen,  moisture,  and  temperature,  considered  essential  to  this  phe- 
nomenon. It  also  seems  evident  that  certain  seeds  with  hard  coats 
are  naturally  adapted  to  longevity,  the  seed  coats  restricting  absorp- 
tion of  oxygen  and  water. 

GERMINATION  AND  OTHER  CHARACTERISTICS  OF  RIBES  SEEDS 

Janczewski  (i^,  p,  222^  2'23)  in  his  monograph  of  the  Grossu- 
lariaceae,  stated : 

The  germinability  of  preserved  seeds  is  fairly  good  in  certain  species 
(Berisia)    [one  of  Janczewski's  subgenera  of  Ribes,  native  in  the  Old  World 
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only],  very  poor  in  others,  either  the  percentage  of  seeds  germinating  is  greatly 
restricted  or  sometimes  not  any  (R.  aml)iguum) .  It  seems  to  cease  entirely 
after  three  years.  Desiccation,  even  inside  the  fruit,  seems  to  be  disastrous 
to  them.  We  have  seen  really  abundant  germination  only  in  open  air,  under- 
neath the  bushes,  whose  fruit  had  not  been  picked  but  buried  in  the  soil  by 
the  spade  of  the  gardener.^ 

He  continued: 

The  seeds  of  gooseberries  [including  currants]  sown  and  maintained  at  tem- 
peratures of  12°  to  20°  come  up  very  irregularly  and  very  slowly  in  general. 
In  the  Berisia,  the  germination  is  more  prompt  than  in  other  subgenera  and 
almost  entirely  independent  of  the  season;  the  first  germs  break  through  the 
soil  in  15  to  24  days  and  are  followed  by  others  either  soon,  during  several 
weeks,  *  *  *  or  in  the  following  spring.  Habitually,  it  is  necessary  to 
wait  two  to  eight  months,  more  than  a  year  *  *  *^  even  two  years  *  *  * 
before  noting  the  first  plantules.  In  many  cases  the  season  has  no  manifest 
influence  on  the  period  of  germination  (Berisia,  Coreosma");  in  others 
(Ribesia,®  Grossularia,®  Parilla^)  its  influence  appears  probable  or  certain. 
Thus  the  seeds  of  R.  velutinmn  obtained  from  the  same  crop,  sown  in  October, 

1905,  June  and  October,  1906,  began  to  grow  at  the  same  time,  in  January, 
1907,  after  a  rest  of  15,  7,  or  3  months,  while  the  seeds  sown  in  December, 

1906,  began  to  rise  in  February,  1907,  that  is,  after  only  2  months,  with  a  delay 
of  approximately  30  days. 

As  to  R.  rotundlfoUuni,  he  noted :  "  Germination  quite  prompt ;  seme  seeds 
grow  after  six  to  eight  weeks    *     *    *." 

Janczewski  apparently  did  not  investigate  the  reasons  for  the 
variations  in  germinability,  nor  did  he  consider  the  probability  of 
extended  dormancy  in  Kibes  seeds.  If  he  restricted  his  germination 
tests  to  constant  temperatures  between  12°  and  SO**  C,  it  is  not  at  all 
strange  that  he  secured  poor  germination,  as  will  be  shown  later. 

The  seed  coats  of  Ribes  were  well  described  by  Janczewski  as 
follows : 

The  testa  or  "  spermoderme "  is  made  up  of :  First,  a  gelatinous  layer, 
vitreous,  sometimes  very  thick,  whose  cells  are  filled  w4th  a  gummy  substance 
and  covered  by  a  thin  undulated  membrane ;  second,  two  or  three  layers  com- 
posed of  small  cells  and  showing  nothing  in  particular ;  third,  a  layer  the  cells 
of  which  contain  crystals  of  calcium  oxalate  and  are  surrounded  by  thickened 
and  brownish  membranes ;  fourth,  a  brown  laj^er  of  disorganized  tissue. 

No  very  successful  procedure  for  germinating  the  fresh  seeds  of 
Ribes  was  found  in  the  literature  reviewed.  Adams  (2)  was  suc- 
cessful in  attempts  to  germinate  seeds  of  two  wild  species,  B. 
americanum^  the  American  black  currant,  and  R.  (n/nosbati^  the  pas- 
ture gooseberry,  both  well  known  in  the  white  pine  region  of  the 
northeastern  United  States.  He  gathered  the  fruit  as  soon  as  ripe, 
washed  the  seeds  to  free  them  from  pulp,  and  divided  those  of  each 
species  into  four  lots  of  100  seeds  each.  Groups  A  and  B  were  sown 
a  few  days  after  collection,  the  former  in  shallow  boxes  placed  out 
of  doors  and  left  there  during  the  winter,  and  the  latter  in  pots  kept 
in  a  greenhouse.  Seeds  of  Group  C  were  dried,  put  up  in  packets, 
and  the  packets  put  in  a  tin  box  which  w^as  kept  in  a  sheltered  spot 
out  of  doors  during  the  winter  (subjected  to  a  temperature  far  below 
0°  F.  on  several  occasions).     Seeds  of  Group  D,  after  drying,  were 

s  Translated. 

<  The  species  of  Ribes  Ivnown  in  the  northeastern  I'nited  States  which  Janczewski 
groups  in  these  subgenera  are:  Coreosma.  R.  glandulo.sam  Grauer,  R.  aureum  Pursh., 
R.  americanvm  Mill.,  and  R.  nigrum  L.  :  Ribesia,  R.  vulgare  Lam.,  and  R.  tristc  Pall.  ; 
Grossularia,  R.  oynoshati  L.,  R.  reoUnatumfi  L.,  R.  rotundifoUuKth,  and  R.  hirteUum  Michx, : 
Parilla,  native  to  the  Old  World  and  to  South  America. 

61056°— 81 2 
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stored  in  a  heated  room  during  the  winter.  Both  Groups  C  and  D 
were  sown  the  following  March.  Adams's  data  on  the  germination 
of  these  Ribes  seeds  are  copied  in  Table  2. 

Table  2. — Oermination  of  seeds  of  Ribes  amerioan'wm  and  R.  cynoshati 


[Rearrangement  of  table  by  Adams  (:?). 

Each  lot  comprised  100  seeds, 
1924] 

collected 

on  Aug.  31  and  Sept.  3, 

Species  and 

Date  of  sowing 

Percentage  of  germination  after  period  of  days  stated 

group 

42 

93 

144 

182 

202 

221 

228 

247 

264 

290 

332 

432 

462 

576 

633 

Final 

R.  americanum: 
A              -  - 

Sept.  11, 1924 
do-- 

74 

74 

74 

B 

5 

13 

29 

35 

---- 

35 

C      

Mar.    4,1925 
do 

Sept.  15, 1924 
do 

Mar.    5,1925 
do 



2 

1 

16 
7 

16 

D 

7 

R.  cynosbati: 
A     

79 

84 

84 

B 

"2" 
13 

-  — 

7 

25 

26 

26 

c 

7 
19 

7 

D 

19 

It  would  seem  from  th^se  data  that  the  seeds  of  these  Eibes 
germinate  best  when  planted  out  of  doors  immediately  after  collec- 
tion. This  is  not  necessarily  true,  for  it  is  possible  that  secondary 
dormancy,  as  described  by  Crocker  (7),  was  induced  by  drying  in 
those  groups  kept  over  the  first  winter  (C  and  D),  and  that  the 
germinative  conditions  of  the  following  spring  were  not  capable  of 
breaking  down  this  dormancy.  It  is  noticeable  that  in  three  of  the 
four  groups  C  and  D,  Adams  secured  greater  germination  during  the 
second  spring  after  planting  than  during  the  first,  suggesting  the 
possibility  that  some  part  of  the  treatment,  probably  the  dry  storage, 
induced  a  secondary  dormancy  which  prevented  some  seeds  from 
germinating  immediately  when  planted.  It  is  unfortunate  that  he 
did  not  continue  his  tests  for  several  years  more,  in  order  to  obtain 
the  germination  of  the  more  latent  seeds. 

Records  of  germination  of  Ribes,  both  from  old  and  from  fresh 
seeds,  are  few  in  the  literature  of  seed  testing.  EAvart  {10)  tested 
the  following  Ribes  seeds  that  were  included  in  the  aforementioned 
lot  stored  for  50  years  in  a  dry  cupboard : 

Ril)es  samguineum^  Pursh,  10  seeds. 

*' Ribes  sanffuineum  var.  atrosangttineum"  (probably  a  garden  form  of  the 
species  and  not  a  true  variety),  30  seeds. 

''Ribes  sanyuineum  var.  glutinosum"  (probably  7^.  glutinosum  Bentham),  34 
seeds. 

The  tests  were  carried  on  at  a  temperature  of  about  25°  C,  and 
when  the  seeds  refused  to  germinate  the  temperature  was  increased 
to  30°  and  then  to  40°.  No  germination  was  secured.  As  will  be 
indicated  later,  it  is  probable  that  these  temperatures  were  too  high  to 
be  favorable  for  germination  of  Ribes  seeds,  and  the  negative  results 
secured  do  not  prove  necessarily  that  these  seeds  had  lost  their  vitality. 

Howard  (13)  found  that  the  seeds  of  Bibes  nigrum  and  R.  gracile 
Michx.,  have  a  distinct  period  of  dormancy.  Cooper  (5),  in  his  re- 
}>ort  on  a  preliminary  study  of  the  ecological  life  history  of  some  of 
the  eastern  gooseberries,  apparently  overlooked  the  possibility  that 
Ribes  seeds  may  remain  viable  for  a  considerable  period  in  duff  or 
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humus.  York  ^  found  seedlings  of  skunk  currant  (R.  glandidosu-?7i) 
germinating  on  a  small  plot  which  had  been  cleared  of  parent  plants 
five  years  previously  and  concluded  that  the  seeds  of  this  species 
may  remain  viable  in  the  duff  for  at  least  five  years. 

LABORATORY  INVESTIGATIONS  OF  THE  GERMINATION  OF  RIBES 

SEEDS 

Inadequate  facilities  for  seed  testing  prevented  the  writer  from 
attempting  any  extensive  laboratory  experiments  with  Ribes  seeds. 
However,  seeds  of  Ribes  were  sent  to  the  division  of  seed  investiga- 
tions of  the  Bureau  of  Plant  Industry,  and  the  Boyce  Thompson 
Institute  for  Plant  Research,  Yonkers,  N.  Y.,  for  germination  tests. 

Berries  of  Ribes  Qiiissouiiense  Nutt.,  R.  cynoshati^  and  R.  anieri- 
canum  were  collected  during  July,  1926,  by  H.  J.  Ninman  in  the 
southern  part  of  Dunn  County,  Wis.,  on  each  of  three  dates  ap- 
proximately two  weeks  apart.  The  first  collection  consisted  of  green 
berries,  the  second  of  berries  approaching  maturity,  and  the  third 
of  mature  berries.  The  berries  were  delivered  to  W.  L.  Goss  at 
Washington,  D.  C,  on  July  9,  July  21,  and  about  August  1,  1926, 
respectively. 

All  the  collections  were  kept  in  the  packages  as  received  and 
placed  in  an  ice  box  where  they  remained  until  January  11,  1927. 
On  that  date  berries  from  each  of  the  nine  lots  were  put  to  soak 
in  Petri  dishes  in  the  15°  C.  chamber.  Ten  days  later  25  seeds 
were  extracted  from  the  soaked  berries  of  each  lot.  These  were 
placed  immediately  on  moist  blotting  paper  and  returned  to  the  15° 
C.  chamber  where  they  remained  for  13  months.  Nearly  45  per  cent 
of  the  total  number  of  seeds  so  tested  appeared  to  be  still  sound  after 
six  and  one-half  months.  However,  during  the  13-month  test  period, 
only  1  seed  germinated  out  of  the  total  of  225  seeds  tested.  This 
one  was  a  seed  of  Ribes  americanuiii  from  the  lot  of  berries  collected 
when  f ull^  mature.  The  practically  negative  results  of  this  germina- 
tion test  indicated  that  the  conditions  in  the  15°  C.  chamber  were 
apparently  unfavorable  for  the  germination  of  these  seeds. 

One  lot  of  berries  of  Ribes  cynosbati  and  two  lots  of  R.  rotundi- 
foliuin  were  collected  by  the  writer  in  July  and  in  September,  1927, 
in  Warren  and  Essex  Counties,  N.  Y.  The  berries  were  dried  in 
the  sun  and  then  kept  at  room  temperature  until  November  or  De- 
cember, 1927,  the  exact  dates  varying  with  the  different  lots.  The 
dry  berries  were  then  broken  open  and  the  seeds  removed  by  hand. 
The  extracted  seeds  were  stored  in  homeopathic  vials  and  sent  to 
the  Boyce  Thompson  Institute  on  December  14,  1927.  The  subse- 
quent treatment  of  the  seeds  and  the  results  of  the  tests  were  reported 
by  Johanna  Giersbach,  who  conducted  the  tests. 

The  seeds  were  soaked  in  tap  water  as  soon  as  received,  in  order 
to  soften  the  adhering  pulp  particles  which  were  rubbed  off  with 
cheesecloth.  Twenty-eight  samples  of  100  seeds  each  were  taken 
from  each  of  the  three  lots  for  testing.  Nineteen  samples  from 
each  lot  were  sterilized  with  Uspulun.^    This  treatment  consisted  of 

'YoBi?:,  H.  H.  SOME  observations  on  the  sprouting  and  reseeding  of  skunk  cur- 
rant (ribes  glandulosum)  at  north  CONWAY,  N.  H.  U,  S.  Dept.  Agr.,  Bur.  Plant  Indus. 
Blister  Rust  News  (Sup.)   10:  241-251.     1926.      [Mimeographed.] 

^An   organic  mercury  seed  disinfectant  manufactured  in  Germany, 
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soaking  the  seeds  in  a  one-half  of  1  per  cent  solution  of  Uspulun  for 
one-half  hour  and  then  rinsing  them  thoroughly  in  tap  water.  The 
seeds  were  put  into  germination  condition  immediately  while  still 
wet  from  the  cleaning.  Nine  sterilized  samples  from  each  lot  were 
stratified  in  peat  which  had  been  neutralized  with  calcium  carbonate. 
Eighteen  samples  from  each  lot,  nine  of  which  had  been  sterilized, 
were  stratified  in  natural  peat.  One  sterilized  sample  from  each  lot 
was  planted  immediately  in  soil  in  a  greenhouse  and  kept  at  about 
18°  C.  Three  samples  from  each  lot,  one  of  sterilized  seeds  in  neu- 
tralized peat,  one  of  sterilized  seeds  in  natural  peat,  and  one  of 
unsterilized  seeds  in  natural  peat,  were  tested  at  each  of  the  constant 
temperatures:  5°,  10°,  15°,  20°,  25°,  32°,  and  at  daily  alternations 
between  10°  and  25°,  15°  and  32°,  and  20°  and  32°. 

The  seeds  tested  at  the  higher  constant  temperatures  (25°  and 
32°  C.)  did  not  germinate  during  two  months  and  were  then  trans- 
ferred to  temperatures  with  a  daily  alternation  between  10°  and 
25°.  The  tests  at  alternating  temperatures  were  continued  for  five 
months,  but  no  additional  germination  occurred  during  the  fifth 
month.  The  tests  at  constant  temperatures  of  5°,  10°,  15°,  and  20° 
were  continued  for  nine  and  three-fourths  months.  The  tests  in 
greenhouse  soil  were  discarded  after  six  months.  The  results  of  the 
tests  are  shown  in  Table  3. 


Table  3.- 


-Germination  of  seeds  of  Rihes  rotundifoUum  and  R.  cynosbaU 
various  temperatures 


at 


[All  tests,  which  were  conducted  by  Johanna  Giersbach  at  the  Boyce  Thompson  Institute,  were  begun  on 
Dec.  22,  1927.  The  berries  of  R.  rotundifoUum  (lot  1)  were  collected  July  28,  1927,  and  the  seeds  were 
extracted  Dec.  8;  those  of  R.  rotundifoUum  (lot  2)  were  collected  Sept.  14,  1927,  and  the  seeds  were  ex- 
tracted Dec.  10;  those  of  R.  cynosbati  were  collected  July  25,  1927,  and  the  seeds  were  extracted  in  Novem- 
ber. Seeds  were  sterilized  by  soaking  one-half  hour  in  a  one-half  of  1  per  cent  solution  of  Uspulun. 
N.  P.  indicates  peat  neutralized  with  calcium  carbonatel 


Species  and  lot  of  seeds  and  tempera- 
tures (°  C.) 

Medium 

Seeds 
sterilized 

Cumulative  germination  percentages  at 
the  ends  of  the  indicated  periods  (in 
months) 

1 

IH 

3 

4 

5 

6 

7 

8 

21 
37 
0 
27 
17 
6 
7 
21 
15 
0 
0 
0 

QH 

R.  rotundifoUum  (lot  1): 

6°           

N.  P 

<^Peat 

-do 

N.  P 

<^Peat 

-.do 

N.  P 

■^Peat 

..do 

N.  P 

|Peat 

..do 

N.  P 

<Peat 

-do 

N.  P 

^Peat 

-do 

N.  P 

^Peat 

..do 

N.  P 

^Peat 

-do 

fN.  P 

]Peat 

t-do 

Soil 

Yes 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

-.do 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yefi 

...do 

No 

Yes 

...do 

No 

Yes 

—do 

No 

Yes 

...do.-- 

0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
35 
59 
6 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
52 
74 
22 
0 
0 
0 
0 
0 
0 
0 

15 

32 
0 

15 
2 
0 
5 
0 
0 
0 
0 
0 
0 

66 

s 

52 
0 
63 
76 
38 

il 

0 
0 
0 
0 
5 

15 

32 

0 

16 

4 

0 

5 

14 

8 

0 

0 

0 

18 

72 

2 

7 

59 

0 

63 

76 

38 

6 

18 

0 

0 

0 

0 

5 

15 

'I 

16 

10 

0 

5 

19 

8 

0 

0 

0 

118 

172 

12 

17 

159 

10 

163 

176 

138 

16 

1  18 

10 

10 

10 

15 
32 
0 
22 
11 
0 
7 
19 
8 
0 
0 
0 

21 
37 
0 
22 
17 
5 
7 
19 
15 
0 
0 
0 

21 
37 

10°                     

0 

28 
17 

15°                             

5 

7 

"1 

20° 

15 
0 

n 

0 

25°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°. 

32°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°. 

Daily  alternation  between  10°  and 

25°. 

Daily  alternation  between  15°  and 

32°. 

Daily  alternation  between  20°  and 

32°. 

About  18° 

»5 

',,-. 

J  Piscarded  May  22,  1928. 


i  Discarded  in  July,  1928 
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Table  3. — Germination  of  seeds  of  Ribes  rotundifolium  and  R.  cynoshati  at 
various  temperatures — Continued 


Species  and  lot  of  seeds  and  tempera- 
tures (°  C.) 

Medium 

Seeds 
sterilized 

Cumulative  germination  percentages  at 
the  ends  of  the  indicated  periods  (in 
months) 

1 

0 
0 
0 

s 

0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
37 
94 

I 

0 

s 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
21 
6 
0 
0 
0 
0 
0 
0 
0 

IH 

0 
0 
0 
0 
0 
0 
0 

I 

0 
0 
0 
0 
0 
0 
0 
54 
100 
8 
6 
5 
4 
0 
0 
0 
0 

0 

s 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
22 
12 
0 
0 
0 
0 
0 
0 
0 

3 

3 
0 
0 
3 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 
9 

33 
2 

74 
100 

16 
6 
5 
4 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
14 
0 
17 
22 
12 
0 
0 
0 
0 
0 
0 
0 

4 

5 
2 

12 
4 
1 
0 
0 
4 
0 
0 
0 
0 

36 
7 
4 

35 

46 
2 

74 
100 

16 
6 
5 
4 
0 

a 

0 
0 

5 
16 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
11 
8 
0 
37 
0 
17 
22 
12 
0 
0 
0 
0 
0 
0 
0 

5 

6 

7 

8 

9M 

E.  rotundifolium  Got  2): 

5°                                          

N.  P 

Peat 

.-do 

N.  P 

Peat 

.-do 

N.  P 

Peat 

..do 

N.  P 

Peat 

..do 

N.  P - 

Peat 

l-do.. 

(N.  P 

Peat 

l-do 

(N.  P 

{Peat 

l-do 

(N.  P 

{Peat 

l-.do 

IN.  P 

Peat 

l-do 

Soil 

N.  P- 

Peat 

-.do. 

N.  P 

Peat 

.-do- 

N.  P - 

Peat 

..do 

N.  P 

Peat 

-do 

N.  P 

Peat 

-do 

N.  P. 

Peat 

-do. 

N.  P 

Peat 

-.do 

N.  P 

Peat 

-.do. 

xN.  P 

Peat 

-.do 

Soil 

Yes 

No 

Yes 

...do 

No 

Yes 

...do-.. 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

—do 

No 

Yes 

—do 

No 

Yes 

...do 

..do..... 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

...do 

No 

Yes 

—do 

No 

Yes 

...do..... 

No 

Yes 

...do..... 

No 

Yes 

...do 

No 

Yes 

-.-do 

No 

Yes 

--.do 

5 

7 

12 

4 

1 

0 

0 

4 

0 

0 

0 

0 

136 

17 

14 

135 

146 

12 

174 

1100 

116 

16 

15 

1  4 

10 

10 

10 

0 

8 

16 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16 

Ml 

18 

10 

137 

10 

117 

122 

1  12 

10 

10 

10 

10 

10 

10 

0 

10 
8 

21 
4 
1 
0 
0 
4 
0 
0 
0 
0 

17 
11 
29 
4 
8 
5 
3 
4 
1 
0 
0 
0 

17 
12 

29 
4 

12 
7 
4 
4 
1 
0 
0 
0 

24 

1? 

10°                                           

29 
4 

18 

15°                                                  

7 
4 
4 

20°                                   

1 
0 
0 

0 

25°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°, 

32°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°. 

Daily  alternation  between  10°  and 

25°. 

Daily  alternation  between  15°  and 

' 

32^. 

Daily  alternation  between  20°  and 

32°. 

About  18° 

»0 

8 
16 
4 
1 
2 
2 
0 
0 
0 
0 
0 
0 

R.  cynosbati: 

5° 

12 
18 
7 
3 
5 
2 
1 
3 
0 
0 
0 
0 

13 
21 

2 
1 
3 
0 
0 
0 
0 

13 
?1 

10°                                        

7 
5 
5 

15° 

2 

1 
3 

20°                    

0 
0 
0 

0 

25°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°. 

32°  for  2  months,  then  daily  alter- 

nation between  10°  and  25°. 

Daily  alternation  between  10*  and 

25"^. 

Daily  alternation  between  15°  and 

32°. 

Daily  alternation  between  20°  and 

32°. 

About  18° 

SO 

1  Discarded  May  22, 1928. 


*  Discarded  in  July,  1928. 


As  shown  in  Table  3,  no  germination  of  Ribes  rotv/ndifoUum  seeds 
had  occurred  within  one  and  one-half  months  in  34  of  the  36  samples 
kept  at  constant  temperatures.  In  the  remaining  2  samples,  one 
from  each  lot,  germination  of  5  and  4  per  cent  of  the  seeds,  respec- 
tively, occurred  after  one  month  at  15°  C.  After  nine  and  three- 
fourths  months,  some  seeds  of  this  species  had  germinated  in  all  but 
1  of  the  18  samples  kept  at  constant  temperatures  of  5°,  10°,  and 
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15°.  The  average  percentage  of  germination  for  the  6  samples  at 
5°  was  20.5;  for  the  6  at  10%  13.2;  and  for  the  6  at  15%  8.7.  No 
germination  was  secured  from  the  6  samples  kept  at  20°  for  nine 
and  three-fourths  months  or  from  the  6  samples  kept  at  each  of 
the  constant  temperatures,  25°  and  32°,  for  two  months. 

Since  no  germination  was  secured  at  constant  temperatures  above 
15°  C,  it  is  suggested  that  this  temperature  represents  about  the 
maximum  constant  temperature  at  which  germination  of  seeds  of  this 
species  will  take  place.  These  tests  indicate  that  5°  was  the  most 
favorable  constant  temperature  tested  for  the  germination  of  seeds 
of  this  gooseberr}^  The  fact  that  the  highest  germination  percent- 
age secured  at  5°  was  but  37  after  nine  and  three-fourths  months 
indicates  that  constant  temperatures  at  best  are  not  optimum  for 
prompt  germination  of  seeds  of  R.  rotundi folium. 

Better  germination  percentages  were  secured  in  a  shorter  period 
from  some  of  the  samples  subjected  to  daily  alternation  of  tempera- 
ture. Each  of  the  six  samples  of  Rihes  roiundifolium  seeds  showed 
some  germination  after  one  month  at  daily  alternation  between  10° 
and  25°  C.  (Table  3.)  Even  the  samples  that  had  been  kept  at 
constant  temperatures  of  25°  and  32°  for  two  months  wdth  negative 
results  showed  some  germination  in  11  out  of  12  cases  within  two 
months  after  they  were  changed  to  daily  alternation  between  10° 
and  25°.  Five  of  the  six  samples  of  this  species  that  were  sub- 
jected to  daily  alternation  between  15°  and  32°  showed  some  ger- 
mination after  three  months,  but  none  was  secured  from  the  cor- 
responding six  samples  kept  at  daily  alternation  between  20°  and 
32°  for  five  months.  Daily  temperature  alternation  between  10°  and 
25°  which  resulted  in  complete  germination  in  one  sample  within 
two  months,  and  in  a  mean  percentage  germination  for  the  six 
samples  of  61  after  three  months,  gave  the  highest  germination. 
Since  no  germination  was  secured  from  the  six  samples  of  R.  rotun- 
difolium  seeds  after  five  months  at  daily  alternation  between  20° 
and  32°,  it  is  evident  that  this  temperature  range  was  above  the 
highest  temperature  favorable  for  the  germination  of  these  seeds. 

In  the  tests  at  alternating  temperatures,  all  germination  secured 
took  place  within  three  months  (largely  within  one  and  one-half 
months),  indicating  that  alternating  temperatures  are  favorable  for 
the  prompt  germination  of  Rites  rotundifolium  seeds.  On  the  other 
hand,  of  the  17  samples  showing  germination  at  constant  tempera- 
tures, the  earliest  germination  occurred  in  2  cases  in  the  1-month 
period ;  in  6  cases,  in  the  3-month  period ;  in  5  cases,  in  the  4-month 
period;  and  in  4  cases  in  the  7-month  period.  Also,  in  three  of  these 
cases  some  seeds  germinated  during  the  93/4-month  period.  These 
tests  show  a  more  delayed  germination  at  constant  than  at  alternat- 
ing temperatures  and  suggest  that  the  test  period  was  not  long 
enough  to  secure  final  germination  in  at  least  some  of  the  samples 
at  constant  temperatures. 

In  tests  at  corresponding  constant  temperatures,  seeds  of  Rihes 
cynoshafi  germinated  more  slowly  and,  except  in  one  case,  less 
abundantly  than  those  of  R.  rotundifolium,  collected  at  approxi- 
mately the  same  time  (lot  1).  At  daily  alternation  between  10° 
and  25°  C,  the  seeds  of  R.  eynoshati  germinated  as  soon  as  those  of 
R.  rotundifolium^  but  less  abundantly.     Seeds  of  the  former  species 
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did  not  germinate  within  five  months  at  daily  alternating  tempera- 
tures between  15°  and  32°,  but  some  germination  of  the  latter  species 
was  secured  at  these  temperatures.  Otherwise,  the  same  general 
results  were  obtained  with  the  seeds  of  R,  cynoshati  as  with  those  of 
R.  Totundifolium,  The  relatively  poor  germination  of  R,  cynoshati 
seeds  indicates  either  that  the  seeds  tested  were  of  low  vitality  or 
that  the  most  favorable  conditions  for  their  germination  were  not 
included  in  these  tests. 

Incidentally,  the  indicated  influences  on  germination  of  Uspulun 
sterilization  of  the  seeds  and  of  neutralization  of  the  peat  are  of 
interest.  Comparison  of  germination  results  of  tests  in  which 
Uspulun  sterilization  was  the  only  controllable  variable  shows  that 
higher  germination  was  secured  from  the  untreated  samples  than 
from  the  sterilized  seeds  in  19  of  the  27  pairs  of  tests,  while  the 
reverse  is  true  for  1  pair  of  tests.  (Seven  pairs  of  tests  produced 
no  germination.)  The  mean  germination  tor  the  untreated  seeds 
was  29.55  per  cent,  and  for  the  treated  seeds  Y.6  per  cent.  Com- 
parison of  germination  results  of  tests  in  which  peat  neutraliza- 
tion with  CaCOs  was  the  only  controllable  variable  shows  that  higher 
germination  was  secured  from  samples  stratified  in  neutralized  peat 
than  from  samples  stratified  in  natural  peat  in  15  of  the  27  pairs 
of  tests,  while  the  reverse  is  true  for  4  pairs  of  tests.  (Eight  pairs 
of  tests  jDroduced  no  germination.)  The  mean  percentage  of  ger- 
mination for  samples  in  neutralized  peat  was  19.74  per  cent,  as 
compared  with  8  per  cent  for  samples  in  natural  peat. 

The  writer  conducted  a  small  germination  test  at  Washington, 
D.  C,  using  seeds  of  Ribes  rotundifoliuin  from  the  same  bulk  lot  (lot 
2)  which  is  represented  in  Table  3.  Two  samples  of  50  seeds  each 
were  placed  between  wet  blotters  on  April  10,  1928,  one  after  soak- 
ing several  hours  in  tap  water,  the  other  after  soaking  35  minutes 
in  commercial  sulphuric  acid,  drying  between  blotters,  and  washing 
in  tap  water.  A  wick  of  blotting  paper  connecting  the  improvised 
germination  blotters  with  a  supply  of  tap  water  kept  the  seeds  moist 
at  all  times.  The  seeds  were  kept  in  the  office,  and  temperature 
records  were  not  made.  The  results  of  the  test,  which  was  con- 
tinued for  34  days,  are  shown  in  Table  4. 


Table  4. — Comparative  germination  of  untreated  seeds  of  Ribes  rotundifoUum 
and  of  those  treated  with  commercial  sulphuric  acid 

[Experiment  began  Apr.  10  and  ended  May  14, 1928] 


Treatment 

Cimiulative  germination  percentages  at  the  end 
of— 

15  days 

20  days 

25  days 

30  daj'S 

34  days 

Acid  treated.. 

12 
0 

24 

4 

28 
12 

30 

16 

34 

Untreated... . 

16 

At  the  end  of  the  test  period,  the  percentages  of  ungerminated 
seeds  that  appeared  to  be  still  sound  were  97  and  93,  respectively,  for 
the  acid-treated  and  the  untreated  seeds.  Although  the  data  are 
meager,  both  as  to  number  of  seeds  tested  and  as  to  duration  of  ex- 
periment, the  results  given  in  Table  4  indicate  that  the  35-minute 
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treatment  with  sulphuric  acid  increased  both  the  speed  and  the  per- 
centage of  germination  of  seeds  of  this  species. 

A  second  experiment  was  started  on  June  15, 1928,  at  Warrensburg, 
N.  Y.,  with  seeds  from  the  same  bulk  lot  as  used  in  the  preceding 
experiment.  Instead  of  the  commercial  grade  of  sulphuric  acid,  that 
used  was  of  analytical  reagent  quality,  fuming,  with  50  per  cent  free 
sulphur  trioxide.  Three  samples  of  120  seeds  each  were  soaked  in 
acid  for  periods  of  10,  20,  and  30  minutes,  respectively,  after  which 
the  seeds  were  rubbed  between  moist  blotting  papers.  Because  of  the 
strength  of  the  acid  and  the  use  of  moist  blotting  paper  in  cleaning 
the  seeds  after  treatment,  some  of  the  seeds  were  completely  de- 
stroyed, and  others  seemed  badly  damaged.  The  seeds  not  completely 
destroyed  by  the  treatment  were  placed  between  wet  blotters,  together 
with  100  untreated  seeds  from  the  same  bulk  lot,  and  kept  in  a  well- 
ventilated  room.  Moisture  was  maintained  as  in  the  preceding 
experiment,  and  also  no  temperature  records  were  made.  The  results 
are  shown  in  Table  5. 


Table  5. — Comparative  germination  of  untreated  seeds  of  Ribes  rotundifolium 
and  of  those  treated  with  fimiing  sulphuric  acid 


[E;xperlnieait  began  June  15  and  ended  July  23,  1928] 

Duration  of  acid  treatment  (minutes) 

Seeds 
treated 

Seeds 
tested  for 
germina- 
tion 

Cumulative  germination  results  after— 

15  days 

38  days 

0 

Number 

0 

120 

120 

120 

Number 
100 
109 
107 
107 

Number 
8 

7 
4 

Per  cent 
8 
6 
4 
8 

Number 

24 

7 

4 

10 

Per  cent 
24 

10 

6 

20          --                  

4 

30 — - 

9 

It  is  evident  from  Table  5  that  the  acid  treatment  was  too  severe 
in  this  case.  The  untreated  seeds  germinated  much  better  than  the 
treated  seeds.  The  striking  fact  demonstrated  by  these  two  experi- 
ments, however,  is  that  the  seed  coats  of  some  seeds  of  Bihes  ro- 
tundifolimih  have  resistance  sufficient  to  protect  the  embryo  for  at 
least  35  minutes  in  sulphuric  acid. 

In  order  to  test  the  viability  of  older  seeds  of  Ribes,  berries  of 
various  species  were  taken  from  herbarium  specimens  3  to  9  years 
old  and  sent  to  the  Boyce  Thompson  Institute  for  testing.  The 
herbarium  specimens  had  been  pressed  and  kept  between  sheets  of 
newspapers  in  a  dry,  partly  lighted  cupboard  at  office  temperatures 
in  Washington,  D.  C.  The  seeds  were  extracted  by  hand  from  indi- 
vidual berries  between  February  18  and  23,  1928,  and  mailed  in  vials 
or  in  paper  packets  on  April  20,'  1928.  The  tests  at  the  Boyce  Thomp- 
son Institute  were  conducted  by  Johanna  Giersbach,  who  reported 
that  the  seeds  were  planted  without  sterilization  on  April  23,  1928, 
in  natural  peat  at  10°  to  25°  C.  daily  alternation.  The  results  of  the 
germination  tests  are  shown  in  Table  6. 
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Table  6. — Germination  of  Riles  seeds  from  herbarium  specimens  of  kno-icn  age 

[Seeds  stratified  in  natural  peat  on  Apr.  23,  1928,  at  the  Boyce  Thompson  Institute] 


Lot 

Species,  place,  and  date  of  collection 

Age  of 
seeds 
(years) 

Num- 
ber of 
seeds 
tested 

Cumulative   percentages   of   ger- 
mination after— 

No. 

5  weeks 

6  weeks 

10  weeks 

14  weeks 

1 

R.  vulgare,  Massachusetts,  1925 _.  .. 

3 

9 

7 

7 

8 

7 

7 
9 

7 

55 
70 
50 

80 
50 

50 
16 

50 
25 

14 

3.6 

0 

8 

0 
0 

0 
0 

0 
0 

0 

5.4 
0 

8 

s 

0 
0 

0 
0 

0 

14.5 
0 
8 

0 
0 

0 
0 

0 
0 

0 

16.3 

2 
3 
4 

R.  cjmosbati,  Keshena,  Wis., Sept.  26,1919.. 

R,  cynosbati,  Temple,  N.  H.,  July,  1921.... 

R.  irriguum  Dougl.,Post  Falls, Idaho,  June 

3,  1921 

0 
8 

0 

5 
6 

R.  hirtellum.  New  Hampshire,  July  25, 1921. 

R.  hirtellum.  South  Berwick  Junction,  Me., 

Aug.  5,  1920 

0 
0 

7 
8 

R.  cynosbati,  New  Hampshire,  July  25, 1921. 

R.  glandulosum,  Littleton,  N.  H.,  July  25, 

1921  

0 
0 

9 
10 

R.  triste,  Shawano,  Wis.,  May  28,  1919 

R.  americanum,  Crawford,  Nebr.,  June  28, 
1921.. 

0 
0 

Table  6  shows  that  some  seeds  of  Rihes  vulgare  germinated  after 
nearly  three  years  and  that  some  of  R.  cynosbati  germinated  after 
nearly  seven  years  of  storage  in  the  herbarium.  These  results  dis- 
agree with  the  observation  made  by  Janczewski  {H)  that  germina- 
tion of  Ribes  seeds  ceases  entirely  after  three  years. 

FIELD   INVESTIGATIONS   OF   NATURAL   GERMINATION   OF   RIBES 
SEEDS  FOLLOWING  DISTURBANCE  OF  THE  FOREST  FLOOR 

Since  1922  the  writer  has  given  considerable  time  to  field  investi- 
gations of  the  life  histories  of  Ribes  species  associated  with  white 
pine  in  New  York  and  New  England.  In  1927  an  investigation  was 
started  in  the  southeastern  Adirondack  region  to  obtain  the  princi- 
pal facts  concerning  the  amount  and  cause  of  the  fluctuation  of 
Ribes  in  size  and  numbers  during  the  rotation  of  a  pine  crop.  Dur- 
ing the  course  of  this  investigation  it  was  observed  on  numerous 
occasions  that  an  abundant  restocking  of  Ribes  from  seeds  was  not 
dependent  on  the  simultaneous  presence  of  fruit-producing  plants  in 
the  vicinity.  Frequently  large  numbers  of  young  Ribes  seedlings 
were  found  on  sites  w^here  it  was  evident  that  fruit  had  not  been 
produced  for  several  years. 

^  It  was  also  observed  in  practically  every  case  where  Ribes  seed- 
lings were  abundant  that  some  recent  major  disturbance  of  the 
forest  floor  had  preceded  their  germination.  These  observations  led 
to  the  systematic  investigation  in  1927  and  1928  of  the  relation  of 
forest-floor  disturbances  to  the  occurrence  of  Ribes  seedlings. 
Sample  areas  located  in  the  southeastern  Adirondack  region  and 
recently  subjected  to  such  disturbances  were  studied  in  detail.  In 
addition,  several  plots  located  in  places  where  the  forest  floor  had 
remained  undisturbed  were  experimentally  disturbed  in  1927  and 
thoroughly  reexamined  in  1928.  On  all  these  areas  and  plots,  Ribes 
rotundifolium  was  the  principal  species  of  Ribes,  and  when  no  other 
specific  name  is  mentioned,  the  following  discussion  applies  to  this 
species. 

61056''— 31 3 
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LUMBEKING  DISTURBANCE 

The  white  pine  areas  of  the  southeastern  Adirondack  region  are, 
for  the  most  part,  subject  to  frequent  lumbering  operations.  These 
are  often  carried  on  while  the  ground  is  not  protected  by  snow,  and, 
as  a  result,  the  forest  floor  is  usually  torn  up  considerably  during 
the  process  of  felling  the  trees  and  taking  out  the  logs. 

A  plot  typifying  both  general  logging  disturbance  and  haul-road 
disturbance  was  located  near  the  village  of  Warrensburg,  N.  Y.,  for 
the  purpose  of  studying  the  Kibes  following  such  disturbances. 
This  plot  was  60  feet  wide  by  109  feet  long.  It  was  located  at  the 
foot  of  a  gentle  slope  forested  with  pine,  hemlock,  and  hardwood 
that  had  been  logged  for  the  better  softwoods  in  1923  and  1924. 
The  plot  was  laid  out  so  as  to  include  portions  of  two  haul  roads. 

Sufficient  information  of  the  history  of  the  area  was  available  in 
1927  to  permit  determination  of  the  status  of  the  forest  stand  and 
the  Ribes  population  as  of  1923,  before  the  logging.  In  1923  the 
plot  supported  a  dense  growth  of  pine,  hemlock,  and  hardwood, 
varying  in  age  from  30  to  150  years  and  having  a  total  basal  area 
of  23.1911  square  feet,  or  154.5  square  feet  per  acre.  The  trees,  5 
inches  or  more  in  diameter  breast  high,  then  present  numbered  28, 
or  at  the  rate  of  186  per  acre.  According  to  considerable  unpub- 
lished data  obtained  by  the  writer  on  the  life  history  of  Ribes 
rotundifoliuon^  the  competition  of  this  stand  was  sufficient  to  prevent 
the  bearing  of  fruit  by  any  plants  of  this  species  that  were  then 
present  on  the  plot. 

In  1927,  10  plants  of  Rihes  rotundifoliuin  that  had  been  in  exist- 
ence prior  to  the  logging  were  found  on  this  plot.  All  these  plants 
conformed  to  a  typical  habit  of  growth  of  suppressed  gooseberries, 
being  reclining  and  partly  buried  bits  of  stem  tufted  with  a  few 
leaves  above  the  surface  and  a  few  feeder  roots  below,  adding  barely 
enough  growth  above  to  offset  the  decay  of  the  buried  end.  It  is 
known  that  gooseberries  in  this  condition  of  growth  do  not  produce 
fruit.  These  data  indicate  that  no  Ribes  fruit  had  been  produced 
on  this  plot  in  recent  years. 

When  the  plot  was  logged  selectively  in  1923,  all  the  merchantable 
white  pines,  along  with  a  few  hemlocks  and  hardwoods,  were  cut. 
Seven  of  the  28  trees  5  inches  or  more  in  diameter  breast  high  were 
left  by  the  loggers.  Three  of  these,  old  hemlocks  of  21,  23,  and  25 
inches  diameter  breast  high,  being  in  poor  form,  were  left  standing 
in  the  central  portion  of  the  plot.  The  logging  disturbance  under 
these  trees  was  slight,  but  elsewhere  over  the  plot  the  disturbance 
of  the  forest  floor  was  general.  In  the  two  haul  roads  crossing  the 
plot  the  litter  and  duff  were  ground  into  the  mineral  soil  in  taking 
out  the  logs.  The  locations  of  the  haul  roads,  of  the  three  remain- 
ing hemlocks,  and  of  all  the  Ribes  found  on  the  plot  in  1927  are 
shown  in  Figure  1. 

In  1927,  244  seedlings  of  Ribes  rotundifolium  resulting  from  seed 
germination  since  the  1923  logging  were  found  on  this  plot.  It  is 
evident  from  Figure  1  that  the  great  majority  of  these  occurred  in 
the  haul  roads,  where  the  forest  floor  disturbance  was  greatest.  As 
a  comparison,  the  Ribes  seedlings  occurring  since  the  logging  were 
present  in  the  haul  roads  at  the  rate  of  3,818  per  acre,  while  over 
the  rest  of  the  plot  the  occurrence  was  at  the  rate  of  654  per  acre. 
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A  careful  examination  of  the  seedlings  showed  that  21  had  originated 
in  1924,  122  in  1925,  81  in  1926,  and  20  in  1927.  Yearly  observations 
by  the  writer  on  other  plots  show  that  a  considerable  mortality  takes 
place  among  seedlings  of  Ribes  rotundifoliurn  during  the  first  and 
second  years  after  seed  germination.  It  is  probable,  therefore,  that 
many  more  Ribes  seeds  germinated  following  the  logging  disturb- 
ance on  this  plot  than  is  indicated  by  the  number  of  seedlings 
remaining  in  1927,  four  years  after  the  disturbance  took  place. 

The  seeds  responsible  for  these  plants  had  probably  remained 
dormant  in  the  litter,  duff,  and  humus  of  the  forest  floor  from  a 
time  when  forest  conditions  on  and  near  the  plot  were  favorable  for 
the  production  of  Eibes  fruit  until  the  forest-floor  disturbance  caused 
by  the  logging  operation  brought  about  conditions  favorable  for  their 


Figure  1. — Map  of  the  study  plot  near  Warrensburg,  N.  Y.,  which  was 
logged  in  1923.  The  haul  roads  that  crossed  the  plot  are  shaded.  The 
circles  and  black  dots  mark  the  location  of  the  Ribes  found  on  the  plot 
in  1927,  four  years  after  the  logging,  the  former  representing  the  Ribes 
that  were  present  on  the  plot  in  1923  before  the  logging  and  the  latter 
the  Ribes  plants  that  originated  after  the  logging.  The  crosses  mark 
the  location  of  the  three  large  hemlocks  left  by  the  loggers 

germination.  Unfortunately,  it  was  impossible  to  locate  a  com- 
parable area  in  the  vicinity  which  had  not  been  recently  logged  and 
which  could  be  properly  used  as  a  check  against  the  conditions  just 
described. 

FIRE  DISTURBANCE 

The  disturbance  of  the  forest  floor  caused  by  fire  differs  somewhat 
from  that  caused  by  lumbering.  Lumbering  scores,  mixes,  and  agi- 
tates to  varying  degrees  the  various  floor  layers,  while  fire  consumes 
the  inflammable  portions  of  these  layers  to  varying  depths,  exposing 
but  not  agitating  lower  layers  of  the  forest  floor  which  have  been 
buried  for  widely  varying  periods.  Light  burning  removes  merely 
the  dry  litter  and  some  of  the  duff,  while  heavy  burning  under 
favorable  conditions  may  consume  practically  all  the  material  down 
to  the  mineral  soil. 

In  addition  to  exposing  lower  layers  of  the  forest  floor,  fire  may 
reduce  the  acidity  of  the  soil.  Skutch  {19)  found  that  the  soil 
acidity  in  the  MounJ  Desert  Island  burn  of  1924  tested  a  year  later 
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ranged  from  pH  5.3  to  6.6,  while  the  soil  of  the  near-by  unburned 
forest  had  an  acidity  of  pH  4.5  to  5.0.  Since  neutralized  peat  was 
found  to  be  a  much  better  medium  for  the  germination  of  the  seeds 
of  Ribes  Totwfidifoliwm  and  R,  cynoshati  than  natural  peat  in  the 
laboratory  tests  already  described,  it  is  probable  that  the  reduction 
of  soil  acidity  in  pine  forests  by  fire  is  an  important  factor  in  provid- 
ing conditions  favorable  for  the  germination  of  seeds  of  these  species. 

Most  of  the  forest  fires  in  the  white  pine  areas  of  the  southeastern 
Adirondack  region  occur  either  on  grassy  fields  growing  the  first  crop 
of  forest  trees  since  cultivation  or  on  areas  recently  logged.  Obser- 
vations by  the  writer  indicate  that  abandoned  fields  growing  the  first 
crop  of  forest  trees  since  cultivation  are  practically  free  of  Ribes. 
On  such  areas  the  only  Eibes  seeds  that  may  accumulate  in  the  litter 
and  duff  during  the  first  forest  rotation  are  those  introduced  from 
extraneous  sources.  The  Eibes  seeds  produced  on  such  areas  before 
the  period  of  cultivation  began  are  no  longer  a  factor ;  those  which 
may  still  be  viable  have  been  buried  too  deep  by  the  cultivation  to 
become  important  as  a  source  of  new  plants.  As  a  result,  fire  dis- 
turbances on  such  areas  are  seldom  followed  by  a  prompt  and  general 
restocking  of  Ribes. 

This  is  well  illustrated  by  the  data  taken  on  a  plot,  0.1303  of  an 
acre  in  area,  located  near  Warrensburg,  N".  Y.  Data  obtained  in 
1927  indicated  that  this  plot  was  part  of  an  abandoned  hayfield  that 
began  to  seed  in  with  white  pine  about  1890.  In  early  May,  1925, 
the  plot  supported  a  dense  growth  of  pure  white  pine,  numlDcring 
417  individuals  from  1  to  11  inches  in  diameter  breast  high,  or  at  the 
rate  of  3,200  per  acre.  At  that  tyne  the  total  basal  area  of  the 
stand  on  the  plot  was  20.7313  square  feet,  or  159.1  square  feet  per 
acre.  On  May  13,  1925,  the  plot  was  swept  by  a  crown  fire  that 
killed  all  but  two  of  the  trees  and  burned  off  the  dvy  litter  and  part 
of  the  duff  of  the  forest  floor.  Careful  examination  in  1927  revealed 
but  two  Ribes,  both  1926  seedlings,  on  this  plot,  or  at  the  rate  of 
15  per  acre. 

By  way  of  contrast,  an  adjoining  old  forest  area,  which  had 
recently  been  logged  and  which  was  likewise  swept  clear  of  living 
trees  by  the  same  fire,  had  296  Ribes  seedlings  per  acre  in  1927,  as 
shown  by  the  data  from  two  sample  plots  which  will  be  discussed 
in  the  next  few  paragraphs.  Fire  disturbance  on  the  old  field  plot 
failed  to  result  in  a  more  general  regeneration  of  Ribes,  evidently 
because  no  seeds  had  been  produced  on  the  plot  subsequent  to  the 
period  of  cultivation,  the  only  Ribes  seeds  accumulated  in  the  forest 
floor  being  the  few  presumably  introduced  from  extraneous  sources. 

When  Ribes  seedlings  occur  on  an  area  that  has  been  recently 
logged  and  burned,  it  is  often  impossible  to  separate  definitely  the 
influences  of  these  disturbances  on  the  germination  of  Ribes  seeds. 
Unfortunately,  no  site  was  found  for  a  study  of  the  effect  of  fire 
alone  on  the  Ribes  restocking  of  an  old  pine  area.  However,  an  old 
forest  area  i^ear  Warrensburg,  N".  Y.,  on  which  fire  disturbance  had 
followed  a  lumbering  operation,  was  studied  to  determine  the  extent 
of  Ribes  seed  germination  following  such  disturbances.^ 

Two  plots  totaling  0.4966  of  an  acre  were  laid  out  in  a  shallow 
and  dry  depression  about  in  the  center  of  this  area,  which  was 
lumbered  in  1923  and  1924  and  burned  on  May  13,  1925.  The  data 
on  the  two  plots,  one  situated  in  the  bottom  of  the  depression,  the 
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other  within  100  feet  of  the  first  on  a  gentle  slope,  differed  very 
little  and  are  therefore  grouped  for  presentation  and  discussion. 

Stump  data  taken  in  1927  showed  that  these  plots  supported  a 
full-stocked  stand  of  uneven-aged  white  pine,  hemlock,  and  scattered 
hardwoods  before  the  1923  logging.  At  that  time  114  trees,  or 
230  per  acre,  5  inches  or  more  in  diameter  breast  high  and  from 
30  to  95  years  of  age,  were  present  on  the  plots.  The  basal  area  of 
the  forest  stand  on  the  plots  was  77.8146  square  feet,  or  156.69  square 
feet  per  acre.  The  shade  of  this  stand  was  sufficient  to  prohibit 
any  Kibes  present  from  bearing  fruit. 

In  1923  and  1924  the  lumbering  operation  removed  70  of  the  114 
trees.  The  fire  of  May  13,  1925,  killed  the  44  remaining  trees  as 
well  as  all  of  the  smaller  ones  left  by  the  lumberman.  The  trees 
killed  by  the  fire  were  removed  for  firewood  later  in  1925.  On  these 
plots,  therefore,  a  series  of  three  disturbances  occurred.  The  logging 
of  the  mature  timber  in  1923  and  1924  undoubtedly  was  responsible 
for  a  considerable  mixing  up  of  the  layers  of  the  forest  floor.  The 
fire  in  turn  burned  off  all  of  the  logging  debris  and  litter  and  most 
of  the  dry  duff.  The  subsequent  removal  of  deadwood,  because  of 
the  small  size  of  the  remaining  individual  trees,  probably  caused  but 
slight  disturbance  of  the  surface  exposed  by  the  fire. 

In  July,  1927,  a  total  of  147  Ribes  rotundlfolimn  plants,  or  296  per 
acre,  were  found  on  these  two  plots.  Only  5  Ribes  of  the  147  found 
were  plants  originating  before  the  logging  of  the  mature  stand.  An 
examination  of  the  root  systems  of  these  five  plants  showed  that  each 
one  had  originated  from  a  layering  stem  of  another  Ribes  plant 
which  had  subsequently  gone  out  of  existence.^  The  roots  of  these 
natural  layers  were  typical  of  those  of  suppressed  Ribes,  which  do 
not  produce  fruit. 

In  1924,  the  year  following  the  logging,  a  number  of  Ribes  seed- 
lings started  to  grow  from  the  disturbed  forest  floor.  Of  this  un- 
known number,  23  established  themselves  well  enough  in  one  growing 
season  to  survive  the  spring  fire  of  1925.  Then,  immediately  follow- 
ing the  fire  in  1925,  a  large  germination  of  Ribes  seeds  occurred,  and 
101  of  these  seedlings  were  living  in  1927.  Germination  continued 
probably  at  a  much  reduced  rate  in  1926,  the  year  after  the  fire,  as 
only  17  seedlings  of  1926  origin  were  found  in  1927.  Apparently  the 
germination  of  Ribes  seeds  had  practically  ceased  in  1927,  since  but 
one  plant  originating  in  that  year  was  found.  Although  several 
thousands  of  young  seedlings  of  R.  rofwndifolium  have  been  ob- 
served by  the  writer,  none  have  been  found  bearing  fruit  within  four 
years  after  germination  from  seed.  On  this  basis,  all  the  seedlings 
found  on  these  plots  in  1927  were  too  young  to  produce  fruit. 

The  most  logical  explanation  of  the  occurrence  of  these  Ribes  seed- 
lings, as  will  be  corroborated  by  additional  observations  reported  in 
this  bulletin,  is  that  they  resulted  from  the  germination  of  seeds  that 
had  been  lying  in  the  deeper  duff  or  humus.  These  seeds  had  prob- 
ably been  disseminated  over  the  forest  floor  during  that  portion  of  the 
past  forest  rotation  favorable  for  the  fruiting  of  Ribes  and  had  re- 
mained dormant  until  the  forest-floor  disturbance  caused  by  logging 
and  fire  exposed  them  to  conditions  favorable  for  germination. 

8  For  the  sake  of  brevity,  Ribes  tliat  originated  in  this  manner  will  be  referred  to  in 
this  bulletin  as  natural  layers,  in  contrast  to  seedlings,  or  plants  that  grew  directly 
from  seeds. 
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WINDFALL  DISTURBANCE 


Although  not  a  region  frequented  by  storms  of  cyclonic  propor- 
tions, the  southeastern  Adirondacks  occasionally  suffer  severe  wind- 
storms. The  soil  mantle  covering  the  bedrock  in  the  forested  slopes 
of  this  region  is  generally  shallow,  and  such  storms  upturn  many 
softwood  trees  with  shallow  root  systems.  The  root  systems  of  these 
wind-thrown  trees  raise  above  the  ground  level  irregular  patches  of 
the  forest  floor,  often  exposing  the  underlying  bedrock.  The  layers 
of  the  forest  floor  are  more  or  less  disturbed  over  semicircular  areas 
from  4  to  20  feet  in  diameter  about  each  upturned  tree.  The  major 
feature  of  the  disturbance  is  the  exposure  of  portions  of  floor  layers 
which  have  been  buried  for  many  years  under  the  accumulating  forest 
litter. 

The  site  selected  for  studying  the  effect  of  windfall  disturbance  on 
Ribes  restocking  was  located  near  the  top  of  a  hillside  east  of  the 
Schroon  River,  between  the  small  settlements  of  Schroon  Falls  and 
Schroon  River,  N.  Y.  The  study  area  was  situated  about  in  the 
center  of  a  543-acre  block  of  State  land  from  which  the  Ribes  had 
been  eradicated  in  1923  by  hand  methods  {16)  to  protect  the  white 
pine  from  blister  rust.  The  eradication  crew  had  removed  over 
100  Ribes  per  acre  from  this  block,  the  principal  species  being 
R.  Totundifolimn  and  R.  glandulosum.  The  exposure  of  the  hillside 
was  western  and  southwestern,  the  slopes  were  moderate,  and  a  few 
low  ledges  occurred  in  the  portion  affected  by  the  windfall.  The 
type  was  mixed  pine  and  hardwood,  ranging  up  to  about  70  years 
of  age.  No  older  trees  were  found,  nor  were  any  stumps  of  a  preced- 
ing stand  located  on  the  study  area.  The  forest  canopy  was  irreg- 
ular because  of  the  uneven  age  of  the  stand  and  the  frequency  of 
small  areas  of  exposed  bedrock.  These  areas  had  smooth  surfaces 
and  gentle  to  moderate  slopes  terminating  in  more  or  less  irregular 
benches.  The  benches,  as  wxll  as  other  subsurface  irregularities 
on  this  area,  wxre  characterized  by  a  soil-humus  horizon  containing 
charcoal  and  sometimes  several  inches  deep. 

These  observations  relating  to  forest  and  site  indicate  that  a 
severe  fire  preceded  the  present  forest  stand  by  an  indeterminate 
period.  The  mineral  soil  was  sand  and  gravel,  very  shallow  for 
the  most  part.  In  a  few  places  where  the  soil  was  found  to  be 
2  or  3  feet  deep,  it  contained  large  angular  bowlders.  Humus  oc- 
curred also  in  an  individual  and  shallow  layer  on  the  mineral  soil  or 
soil-humus  horizons  and  in  thin  sheets  on  some  of  the  rock  outcrops, 
covered  lightly  by  duff  and  litter  or  sometimes  by  moss.  In  places, 
water  could  be  squeezed  out  of  the  humus,  duff,  and  moss  several 
days  after  a  rain  in  midsummer.  The  coolness  of  the  site  w^as  a 
noticeable  characteristic  even  on  the  hottest  summer  days.  The 
elevation  of  the  hilltop  is  given  as  1,672  feet  above  sea  level  on  the 
United  States  Geological  Survey  maps. 

Because  the  white  pine  on  this  eradication  block  had  suffered 
considerable  damage  from  blister  rust  prior  to  the  removal  of  the 
Ribes,  the  writer  has  visited  it  several  times  annually  since  October, 
1922,  except  in  1926.  On  the  first  visit  in  1927  it  was  noticed  that 
a  severe  windstorm  had  uprooted  about  100  trees  scattered  over 
about  30  acres  in  the  central  portion  of  the  eradicated  area.  This 
windfall  occurred  during  the  autumn  of  1925  or  the  spring  of  1926, 
perhaps  during  the  windstorm  of  October  25,  1925.     This  portion 
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of  the  area  and  some  of  the  surrounding  region  within  this  eradica- 
tion block  were  carefully  scouted  at  random  for  Eibes  during  July, 
1927.  The  search  revealed  but  few  old  Eibes.  All  those  found 
were  small  and  incapable  of  bearing  fruit,  being  for  the  most  part 
layered  fragments  of  bushes  removed  in  1923.  The  dried  remains 
of  hundreds  of  large  bushes  which  had  been  uprooted  in  1923  were 
still  visible  in  crotches  of  trees  or  on  exposed  rock  surfaces  where 
they  had  been  placed  by  the  men  who  had  performed  the  eradication 
work. 

However,  in  spite  of  the  fact  that  the  production  of  Eibes  seeds 
was  stopped  by  the  1923  eradication,  a  large  number  of  seedlings 
were  found  in  1927.  On  examination,  these  proved  to  be  largely  of 
1927  germination,  although  some  were  of  1924,  1925,  and  1926 
origin.  Ninety-one  per  cent  of  the  1926  and  1927  seedlings  were 
found  within  the  zones  of  ground  disturbance  around  upturned 
trees.  The  remainder  of  the  1926  and  1927  seedlings  found  were 
widely  scattered  and  definitely  associated  with  minor  disturbances 
of  the  forest  floor.  Since  the  evidence  of  minor  disturbances  is  soon 
effaced,  no  attempt  was  made  to  associate  the  seedlings  of  1924 
and  1925  origin  definitely  with  minor  disturbances  that  may  have 
preceded  their  inception.  Some  of  the  minor  disturbances  which 
preceded  the  appearance  of  the  younger  seedlings  were  obviously 
caused  by  the  following : 

Erosion  of  exposed  mineral  soil,  humus,  duff,  and  litter,  especially  at  the 
edges  of  the  thin  mantle  partly  covering  rock  outcrops,  and  in  crevices  of 
ledges  and  bedrock. 

Removal  of  large  Ribes  plants  in  1923  which  disturbed  the  litter,  duff,  humus, 
and  mineral  soil,  exposing  these  to  erosion. 

Pawing  or  scratching  of  the  surface  by  animals. 

Without  further  discussion  of  the  relatively  few  Eibes  seedlings 
found  in  association  with  these  minor  disturbances,  consideration 
will  be  given  to  the  large  number  of  seedlings  of  R.  rotwndifolvmn  of 

1926  and  1927  origin  found  within  the  areas  disturbed  by  upturned 
trees.  The  unusual  location  of  man}^  of  these  with  relation  to  the 
normal  ground  surface  furnishes  valuable  information  on  the  longev- 
ity of  the  seeds  from  which  they  originated. 

The  region  of  disturbance  around  each  upturned  tree  was  studied 
separately  because  the  scattered  distribution  of  upturns  prevented 
their  inclusion  in  one  plot.  The  seedlings  found  on  and  near  the  up- 
turns were  classified  according  to  their  exact  location  with  relation 
to  the  upturned  tree.  The  seven  zones  of  location  used  are  shown 
in  Figure  2. 

Of  the  many  upturns  on  this  area  resulting  from  the  storm  late  in 
1925  or  early  in  1926,  the  first  53  located  were  thoroughly  examined 
and  were  numbered  in  order  as  found.     Eibes  seedlings  of  1926  or 

1927  origin  were  found  on  38  upturns,  or  72  per  cent  of  the  53  ex- 
amined. Of  these  upturns,  16  per  cent  had  seedlings  in  zone  A, 
66  per  cent  in  B,  37  per  cent  in  C,  61  per  cent  in  D,  37  per  cent  in 
E,  26  per  cent  in  F,  and  5  per  cent  in  G.  Table  7  contains  the  per- 
tinent data  on  these  38  upturns,  including  the  number  of  seedlings 
found  in  each  zone  of  disturbance  around  each  upturned  tree.  The 
15  upturns  omitted  from  this  table  represent  those  on  which  no  Eibes 
seedlings  were  found.  The  angles  of  these  upturns  ranged  from  20'' 
to  90°,  and  the  ages  of  the  trees  from  35  to  70  years. 
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Figure  2. — Diagrammatic  view  of  upturn  to  show  zones  referred  to  in  text : 
A,  Under  face  of  root  ball ;  B,  upper  face  of  root  ball ;  C,  edge  of  root  ball ; 
D,  edge  of  hole  ;  E,  bottom  of  hole ;  F,  clod  dropped  back  into  hole ;  G,  clod 
thrown  ahead  of  upturn 


Table  7. — Location  and  number  of  Ribes  seedlings  of  1926  and  1927  origin  found 
during  July  and  September,  1927,  on  38  upturns  near  Schroon  River,  N.  Y. 

[The  trees  were  wind  thrown  during  the  autumn  of  1925  or  the  spring  of  1926;  the  zone  represented  by  each 

letter  is  shown  in  fig,  2] 


Upturn  No. 

Age  of 

upturned 

tree 

Angle  of 

upturned 

mass 

Number  of  seedlings 

nzone— 

A 

B 

C 

D 

E 

F 

G 

All 

2 

Years 
60 
60 
60 
50 
58 
55 
55 
55 
55 
60 
65 
60 
55 
25 
60 
60 
55 
50 
55 
60 
45 
55 
35 
70 
60 
30 
50 
35 
60 
60 
55 
40 
40 
45 
70 
50 
45 
70 

Degrees 
90 
85 
50 
80 
80 
45 
30 
45 
70 
50 
75 
60 
50 
100 
75 
90 
90 
100 
80 
80 
90 

90-180 
72 
50 
75 
50 
15 
60 
80 
80 
85 
80 
70 

60-100 
40 
85 
70 
55 

18 
0 
0 
0 

28 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 

1 

2 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
2 
0 
0 

89 
1 
1 
4 
0 
0 
0 
2 
0 
1 
0 
0 

1 
1 

4 
14 
8 
6 
6 
1 
4 
0 
0 
0 
0 
1 
0 
1 
1 
1 
3 
7 
1 
6 

1 
0 
0 
0 
3 
0 
0 
0 
0 
0 
1 
0 

1 

0 
0 
0 
0 
0 

1 

0 

1 

9 
2 
0 
5 
2 
1 
0 
3 
0 
1 
0 
0 
0 
0 
0 
0 
4 

4 
1 
5 
4 

13 
2 
0 
0 
0 
0 
1 
0 
4 
0 
1 
1 
1 
0 
5 
0 
0 

17 
4 
0 
2 
2 
2 
0 
1 
1 
0 
0 
9 

14 
0 
1 
0 
4 

3 
0 
0 
4 
11 
0 
0 
0 
0 
1 
0 
2 
0 
0 
1 
1 
0 
0 
0 
0 

1 

6 
0 
0 
1 
1 
1 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 

5 
0 
0 
0 
13 
0 
0 
0 
1 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
16 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
12 
14 
12 
0 
6 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

42 

3 

3 

4 

5 

6 

6.. 

8 
157 

3 

8 ... 

1 

9 

4 

11 

12 

1 
1 

14 

2 

15 

5 

16-  - 

5 

17 

1 

18 

2 

21     .       . 

2 

22 

2 

26 

7 

27 

10 

28 

14 

29  .. 

11 

30 

56 

3]... 

24 

33 

1 

34 

12 

36 

5 

37 

4 

38 

2 

39 

4 

40 

2 

42 

1 

43 

2 

46    . 

10 

48.. 

27 

49     ... 

17 

51.. 

21 

62 

1 

53.. 

20 

Total-- 

66 

169 

36 

99 

36 

81 

9 

495 
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A  total  of  495  Ribes  seedlings  were  found  in  the  zones  of  disturbance 
of  these  38  upturns  in  1927.  Of  these  seedlings,  13  per  cent  occurred 
in  zone  A,  34  per  cent  in  B,  7  per  cent  in  C,  20  per  cent  in  D,  7  per 
cent  in  E,  17  per  cent  in  F,  and  2  per  cent  in  G.  Only  43  of  these 
were  of  1926  origin,  and  none  of  these  were  found  in  zones  A  and  G. 
(Table  8.)  Because  of  the  severe  winters  in  this  region  and  the 
added  exposure  of  sites  on  the  raised  root  masses,  it  is  probable  that 
winterkilling  had  materially  reduced  the  number  of  1926  seedlings 
before  the  study  was  started.  Of  the  total  of  495  plants,  27  were 
R.  glandulosum  and  468  were  R.  rotundifoJiuin.  Ribes  seedlings 
were  found  most  frequently  on  the  upper  face  of  the  root  ball  and 
around  the  edge  of  the  hole  left  by  the  upturn  (zones  B  and  D). 
Fiftj^-five  per  cent  of  the  495  plants  were  found  in  these  two  zones 
(B  and  D)  on  66  per  cent  and  61  per  cent,  respectively,  of  the  38 
upturns  having  Ribes  seedlings. 

Table  8. — Species  and  year  of  origin  of  the  Ribes  seedlings  listed  in  TaUe  7 


Species 

Year  of 
origin 

Number  of  seedlings  found 

in  zone — 

A 

B 

C 

D 

E 

F 

G 

All 

■R.  rntnndirnlinTn  _ 

r    1926 
I    1927 
(     1926 
I     1927 
/     1926 
i     1927 

0 
66 
0 
0 
0 
66 

8 
153 
2 
6 
10 
159 

4 
31 
0 
0 
4 
31 

8 

90 

1 

0 

s 

90 

3 
33 
0 
0 
3 
33 

5 

58 
12 

6 
17 
64 

0 
9 
0 
0 
0 
9 

28 

R.  glanriulnsiim . 

440 
15 

Both... 

12 
43 

Total 

66 

169 

35 

99 

36 

81 

9 

495 

Seedlings  of  Ribes  rotv/ndifoliuiii^  66  in  number  and  all  of  1927 
origin,  were  found  on  the  under  faces  of  the  root  masses  (zone  A) 
of  6  of  the  38  upturns.  (Table  7.)  The  important  bearing  of  this 
discovery  on  the  subject  of  longevity  of  Ribes  seeds  will  be  developed 
by  the  consideration  in  detail  of  the  circumstances  of  their  occurrence. 

Upturn  No.  31  was  one  of  the  six  having  Ribes  seedlings  on  the 
under  face  of  the  root  ball.  This  upturned  tree  was  a  small  white 
pine  about  35  yeai^  old  which  had  been  growing  from  a  blanket  of 
mineral  soil,  soil  humus,  duif,  and  litter  1  to  10  inches  in  depth  over 
bedrock.  When  blown  over,  the  roots  of  this  pine  lifted  up  a  semi- 
circular portion  of  this  blanket,  6  feet  long  by  3  feet  in  height,  and 
3  to  9  inches  in  thickness,  practically  baring  the  underlying  bedrock. 
The  tree  fell  uphill,  and,  as  a  result,  the  root  mass  did  not  reach  a 
perpendicular  position.  Its  under  face  had  an  overhang  of  1  foot 
in  3  feet  of  height,  being  raised  to  an  angle  of  only  72°  from 
liorizontal. 

When  this  upturn  was  examined  in  July,  1927,  12  Ribes  seedlings 
were  found  growing  from  the  under  face  of  the  mass  of  mineral  soil 
and  humus  woven  with  the  fibrous  and  large  roots  of  the  upturned 
tree,  as  shown  in  Plate  1,  D.  These  12  plants  were  shallowly  rooted 
in  this  overhanging  surface  in  five  separate  groups.  The  thickness 
of  the  root  mass  measured  at  the  location  of  each  of  the  five  gi'oups 
of  seedlings  varied  from  5  to  7  inches.  The  first  3  to  5  inches  from 
the  under  face  was  composed  of  a  compact  layer  of  mineral  soil  and 
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humus,  thick  with  fibrous  roots;  the  remaining  2  inches  nearest  the 
upper  face  was  duff  and  litter. 

Because  of  the  angle  of  overhang  of  the  under  face  of  this  upturn, 
the  seeds  from  which  these  plants  grew  could  not  have  become  lodged 
there  after  the  windfall  occurred  through  any  natural  means  of  dis- 
persal. These  Ribes  seedlings  were  growing  from  that  portion  of 
the  forest  floor  which  had  been  5  to  7  inches  below  the  normal  sur- 
face prior  to  the  windfall.  Close  inspection  failed  to  indicate  means 
whereby  the  seeds  responsible  for  these  plants  might  have  been  forced 
or  carried  to  the  soil-humus  layer  subsequent  to  its  formation.  The 
only  reasonable  explanation  of  the  presence  of  viable  Ribes  seeds 
5  to  7  inches  below  the  normal  surface  of  the  forest  floor  is  that  they 
were  deposited  there  while  the  now  compact  lower  layers  of  mineral 
soil  and  humus  were  accumulating  on  the  bedrock,  and  that  they 
have  lain  there  in  a  dormant  condition  throughout  the  intervening 
years. 

Ribes  seedlings  w^ere  found  in  correspondingly  similar  situations 
on  other  upturns  examined.  On  the  under  face  of  upturn  No.  6,  for 
instance,  28  Ribes  seedlings  of  1927  origin  were  found.  (Table  7 
and  pi.  1,  C.)  This  white  pine  tree  was  approximately  58  years 
of  age.  It  was  rooted  in  a  thin  blanket  of  soil  humus  and  mineral 
soil  resting  on  bedrock.  When  blown  over,  the  root  system  lifted 
up  to  an  angle  of  approximately  80°  with  horizontal,  an  irregular 
patch  of  this  blanket,  13  feet  long  by  7  feet  high.  The  angle  of  over- 
hang of  the  under  face  of  this  mass  is  shown  by  the  perpendicular 
string,  Plate  1,  A,  a.  The  thickness  of  the  upturn  varied  from  1  to  12 
inches,  but  most  of  it  ranged  from  2  to  4  inches.  Of  the  28  seedlings 
found  growing  from  the  under  face  of  this  upturn,  19  were  located 
near  one  end  and  9  near  the  other  end  or  wing  of  the  upturned  mass. 
The  thickness  of  the  mass  where  the  19  plants  were  found  (pi.  1,  C) 
varied  from  Xy^  to  3%  inches,  of  which  1  inch  was  duff  and  litter  and 
the  rest  a  compact  mass  of  soil  humus  threaded  with  fibrous  roots 
of  the  tree.  The  nine  seedlings  found  near  the  other  end  on  the 
underside  of  the  upturned  mass  were  growing  from  a  soil-humus 
laj^er  3  to  43/2  inches  below  the  normal  surface.  At  both  ends  the 
seedlings  were  shallowly  rooted  in  the  lower  surface  of  the  soil- 
humus  layer  of  the  forest  floor  that  had  been  raised  off  the  bedrock 
by  the  upturning  of  the  tree. 

A  total  of  169  Ribes  seedlings,  8  of  which  were  R.  glanduloBum 
(Tables  7,  8),  were  found  growing  from  the  upper  faces  of  the  root 
masses  (zone  B)  of  25  of  the  38  upturns.  The  seedlings  found 
growing  on  the  upper  faces,  as  well  as  those  on  the  under  faces, 
were  usually  located  near  the  ends  or  wings  of  the  root  mass.  The 
favorableness  of  these  wing  portions  of  zones  A  and  B  for  the 
occurrence  of  Ribes  seedlings  was  observed  on  practically  every 
upturn  where  seedlings  were  found  in  either  of  these  two  zones. 
Also  it  was  observed  that  these  portions,  being  nearest  the  undis- 
turbed forest  floor,  were  less  subjected  to  drying  out.  It  may  be 
that  the  moisture  conditions  were  more  favorable  for  Ribes  ger- 
mination and  survival  on  the  wings  than  elsewhere  on  the  upturned 
root  ball. 

The  largest  number  of  seedlings  found  growing  on  the  upper  face 
of  an  upturned  mass  was  the  89  recorded  for  upturn  No.  6,  already 
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A.— Upturn  No.  6,  typical  of  many  that  were  examined,  showing  the  blanket  of  litter,  duff,  soil- 
humus  and  mineral  soil  lifted  off  the  bedrock  by  the  root  system  of  the  wind-thrown  tree.  Note 
the  overhang  of  the  lower  face  of  the  upturned  mass  as  compared  with  the  perpendicular  string  a. 

B. — Upper  face  of  one  end  or  wing  of  upturn  No.  6  (shown  in  the  foreground  of  A),  showing  73 
Ribes  seedlings  of  1926  and  1927  germination  growing  above  the  normal  ground  line,  as  marked  by 
the  stick.    No  Ribes  were  found  on  the  undisturbed  forest  floor  adjacent. 

C. — Underface  of  the  same  wing  of  upturn  No.  6,  showing  most  of  the  19  Ribes  seedlings  of  1927 
germination  found  growing  there  (circled  in  white) .  These  seedlings  were  growing  from  that  part 
of  the  soil-humus  layer  which  was  resting  on  bedrock  before  the  disturbance,  IH  to  ZH  inches 
below  the  normal  surface  of  the  forest  floor. 

D.— Close-up  view  of  a  group  of  six  of  the  Ribes  seedlings  of  1927  germination  found  growing  from 
the  underface  of  upturn  No.  31.  Before  the  windfall,  this  fibrous  surface  of  the  soil-humus  layer, 
in  which  the  seedlings  were  shallowly  rooted,  was  resting  on  bedrock,  5  to  7  inches  below  the 
surface  of  the  forest  floor. 
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Plate  2 


A.— Upturn  No.  29  showing  in  the  foreground  a  large  rock  b,  which  was  dislodged  by  the  windfall, 

and  the  deep  pit  a,  that  it  left  in  the  litter,  duff,  and  soil-humus  of  the  upper  face  of  the  upturned 

mass. 
B.— Close-up  view  of  the  pit  a,  seen  in  A,  showing  six  Ribes  seedlings  (circled  in  white)  of  1927 

germination  growing  from  the  upturned  bottom  of  the  pit. 
C— Section  of  the  forest  floor  exposed  by  windfall  of  tree  No.  39,  showing  a  1927  seedling  Ribes 

(circled  in  white)  growing  from  the  soil-humus  layer  2^  inches  below  the  normal  surface  of  the 

duff. 
D. — A  soil  section  bearing  the  Ribes  seedling  shown  in  C  was  collected  without  disturbing  the 

plant  and  is  shown  here  with  a  scale  in  inches.     Note  that  the  Ribes  was  rooted  IH  inches  down 

in  the  soil-humus  layer,  above  which  was  a  1-inch  layer  of  duff  and  litter  covered  by  lichens  and 

moss. 
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described.  Those  on  the  upper  face  of  one  of  the  wings  are  shown 
in  Plate  1,  B.  These  plants  were  rooted  in  the  humus  and  soil- 
humus  layers  below  the  1-inch  horizon  of  litter  and  duff  and  evi- 
dently grew  from  seeds  occurring  in  these  layers  beneath  the  duff. 
The  mantle  of  litter  and  duff  had  been  loosened  and  in  some  places 
largely  dislodged  by  the  movement  of  the  root  mass  when  the  tree 
was  blown  down.  This  disturbance  may  have  brought  about  favor- 
able conditions  for  germination  of  seed  lying  in  the  humus  and 
soil-humus  layers.  At  any  rate,  since  an  examination  of  the  undis- 
turbed forest  floor  in  the  vicinity  of  this  upturn  failed  to  reveal 
any  Ribes  seedlings,  it  appears  that  the  causes  of  this  seed  ger- 
mination on  the  root  ball  are  definitely  associated  with  the  disturb- 
ances of  normal  conditions  by  the  upturn. 

The  direct  connection  between  disturbance  of  the  forest  floor  and 
germination  of  Ribes  seeds  from  the  lower  layers  of  the  same  is 
well  illustrated  by  the  case  of  upturn  No.  29.  This  was  a  white  pine 
tree  approximately  45  years  of  age.  When  it  was  blown  down  late 
in  1925  or  early  in  1926  a  rock  9  by  14  by  20  inches  in  size  (pi.  2, 
A,  &)  was  dislodged  from  its  position  at  the  foot  of  this  tree,  leaving 
a  pit  5  to  9  inches  deep  in  the  upper  face  of  the  upturned  mass. 
(PL  2,  A,  a.)  The  sides  of  this  pit,  consisting  of  an  accumulation  of 
litter  and  duff  2  to  3  inches  deep  and  a  lower  layer  of  mixed  humus 
and  mineral  soil  3  to  6  inches  deep,  were  still  intact  when  first  seen 
in  July,  1927.  (PI.  2,  A.)  The  irregular  bottom  of  the  pit,  raised 
to  a  perpendicular  position  by  the  windfall,  consisted  entirely  of 
mixed  mineral  soil,  humus,  and  small  stones,  held  together  by  the 
fibrous  roots  of  the  tree.  Evidently  the  rock  had  been  lying  on  this 
spot  throughout  the  life  of  the  tree. 

In  July,  1927,  six  Ribes  seedlings  of  1927  germination  were  found 
growing  from  the  upright  bottom  of  this  pit.  (PL  2,  D.)  Appar- 
ently the  seeds  responsible  for  these  plants  had  been  lying  in  this 
soil-humus  la^^er  since  a  period  between  the  time  of  the  severe  fire 
and  that  of  the  regrowth  of  the  forest  cover,  when  considerable 
shifting  of  the  soil,  humus,  and  loose  rock  probably  occurred. 

A  total  of  134  Ribes  seedlings,  including  one  1926  seedling  of  R. 
glandulosvmi^  were  found  growing  from  the  edges  of  the  root  ball 
(zone  C)  and  on  the  edges  of  the  holes  (zone  D)  of  25  upturns. 
(Tables  7  and  8.)  These  seedlings  were  all'  growing  from  sections  of 
the  forest  floor  exposed  by  the  windfall.  The  point  of  origin  of  these 
plants  was  consistently  in  the  humus  and  soil-humus  layers,  from  1 
to  4  inches  below  the  normal  surface  of  the  forest  floor.  A  typical 
one  of  these  plants  is  shown  in  Plate  2,  B.  This  is  a  view,  taken  hori- 
zontally, of  the  edge  of  upturn  No.  39,  presenting  a  cross  section  of 
the  layers  which  made  up  the  root  ball  of  this  upturned  tree.  The 
upper  layer,  about  1  inch  in  thickness,  was  litter  and  duff  on  which 
occurred  a  dense  mat  of  lichens  and  moss.  Below  the  duff  there 
was  a  compact  layer  of  mixed  humus  and  mineral  soil  several  inches 
thick,  held  together  by  the  root  system  of  the  tree. 

Above  the  6-inch  mark  on  the  tape  in  Plate  2,  B,  may  be  seen  a 
Ribes  seedling  of  1927  origin.  The  roots  of  this  seedling  were  shal- 
lowly  buried  in  the  soil-humus  layer  at  a  point  normally  2l^  inches 
below  the  surface  of  the  forest  floor.  The  edge  of  the  upturned  mass 
at  this  point  presented  a  nearly  smooth  face  with  an  overhang  of  1 
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inch  in  8  of  perpendicular  distance.  The  soil  humus  from  which  the 
seedling  grew  was  so  closely  packed  that  a  section  of  it  including  this 
plant  was  successfully  cut  out.  This  specimen  of  upturn  cross  sec- 
tion is  shown  in  Plate  2,  C.  Evidently  the  seed  responsible  for  this 
plant  was  incorporated  in  this  layer  of  the  forest  floor  at  the  time  of 
its  formation  many  years  ago. 

A  total  of  36  seedlmgs  of  Ribes  rotundifolimii~  were  found  growing 
from  the  bottom  of  the  holes  (zone  E)  left  in  the  forest  floor  by  14 
upturned  trees.  (Table  7.)  All  of  these  plants  were  growing  in 
small  pockets  of  soil  humus  left  in  crevices  and  depressions  in  the 
bedrock  bared  by  uplifted  root  masses  of  windf alien  trees.  Some  of 
these  were  located  under  the  overhanging  root  masses  of  the  upturned 
trees.  For  instance,  6  of  the  11  seedlings  found  in  the  hole  of  upturn 
No.  6  were  located  in  crevices  well  under  the  overhanging  lower  face 
of  the  root  mass,  too  far  under  to  have  grown  from  any  seeds  that 
may  have  fallen  from  the  upper  surface  or  edges  of  the  upturned 
mass.  Since  the  bedrock  sloped  away  from  the  lower  face  of  the 
upturn  (pi.  1,  A),  the  seeds  could  not  have  been  washed  into  these 
crevices  from  the  upper  layers  of  the  forest  floor  after  the  windfall 
occurred.  Before  the  windfall,  the  soil  humus  that  later  gave  rise 
to  these  plants  was  situated  below  a  1-inch  layer  of  litter  and  duff 
and  a  compact  2  to  6  inch  layer  of  mineral  soil  mixed  with  humus, 
or  a  total  of  3  to  7  inches  below  the  normal  surface  of  the  forest  floor. 
Evidently  these  six  seedlings  found  in  rock  crevices  under  the  over- 
hanging root  mass  originated  from  seeds  deposited  years  ago  when 
these  crevices  were  being  filled  and  covered  over  by  erosion  or  by  the 
natural  soil-building  action  of  the  vegetation. 

Of  the  90  Ribes  seedlings  found  growing  from  clods  of  mineral 
soil,  soil  humus,  and  duff  that  dropped  off  the  root  masses  of  11 
upturned  trees  (zones  F  and  G,  Table  7),  18  were  identified  as  R. 
glandulosum  and  72  as  R.  rotwndifoliurn.  These  seedlings  were 
growing  from  the  soil-humus  layers  of  the  clods,  but  because  of  the 
scrambled  condition  of  these  portions  of  the  forest  floor  no  accurate 
data  could  be  obtained  on  the  original  position  in  the  soil  layers  of 
the  seeds  responsible  for  these  plants. 

All  the  495  Ribes  seedlings  of  1926  and  1927  origin  found  on  or 
near  the  upturn  were  rooted  in  the  humus  or  in  the  mixed  humus 
and  mineral  soil  layers  of  the  forest  floor.  The  seeds  from  which 
many  of  these  plants  originated  had  been  lying  not  merely  on 
the  surface  of  the  humus  layer  just  beneath  the  duff  but  actually 
well  within  the  humus  or  the  soil-humus  layers.  Specific  cases  have 
just  been  described  wherein  the  seeds  responsible  for  some  of  these 
Ribes  seedlings  had  been  situated  at  depths  of  2  to  7  inches  below  the 
normal  surface  prior  to  the  upheaval  of  portions  of  the  forest  floor 
by  the  wind-thrown  trees.  In  fact,  the  seeds  responsible  for  66 
of  the  270  seedlings  found  on  the  upturned  masses  were  situated  so 
much  nearer  the  under  face  than  the  upper  surface  of  the  upturned 
masses  that  the  plants  grew  out  from  the  under  face.    • 

Many  Ribes  seeds  were  undoubtedly  produced  on  this  area  pre- 
vious to  the  1923  eradication.  When  visiting  the  area  in  1922  and 
in  1923,  while  Ribes  eradication  was  in  progress,  the  writer  saw 
many  large  fruit-producing  bushes,  especially  in  the  lightly  shaded 
or  open  rock  outcrops  that  were  so  prevalent  on  this  tract.     That 
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over  100  plants  per  acre  were  removed  in  1923  and  that  as  late  as 
1928  bundles  of  large  dead  Ribes  were  still  conspicuous  in  the 
crotches  of  trees  where  they  were  placed  to  dry  out  when  uprooted 
by  eradication  crews  in  1923  are  additional  indications  of  the  thrifti- 
ness  of  Ribes  on  this  site  prior  to  1923. 

Since  the  only  major  changes  in  the  density  of  the  forest  cover 
subsequent  to  the  severe  fire  that  occurred  some  time  prior  to  1857 
and  up  to  the  windfall  late  in  1925  or  early  in  1926  have  been  on 
the  side  of  increasing  shade,  it  is  reasonable  to  presume  that  forest 
conditions  on  this  site  had  been  still  more  favorable  for  Ribes  growth 
and  fruit  production  during  the  earlier  portion  of  the  present  rota- 
tion than  they  were  in  1922  and  1923,  when  first  observed.  It  is 
also  probable  that  the  fire  of  unknown  date  had  an  influence  in 
aiding  the  restocking  of  this  area  with  Ribes  and  that  these  plants 
flourished  on  the  site  before  the  oldest  trees  of  the  present  stand 
started  to  grow.  Undoubtedly,  during  the  period  of  more  than  65 
years  between  the  fire  and  the  1923  eradication  of  Ribes,  a  large  quan- 
tity of  Ribes  seeds  was  produced  and  disseminated  locally  on  this 
area. 

During  the  early  portions  of  this  period,  before  the  vegetation 
and  the  young  forest  cover  succeeded  in  anchoring  generally  the 
mineral  soil  and  the  remaining  humus  and  duff  exposed  by  the  fire, 
it  is  conceivable  that  erosion,  even  on  the  more  moderate  slopes  of 
this  hillside,  caused  considerable  shifting  of  the  exposed  soil.  This 
is  indicated  by  the  presence  at  the  time  of  examination  of  many 
areas  of  bare  bedrock  20  to  50  feet  in  diameter,  usually  fairly  smooth 
and  with  but  moderate  slope,  together  with  the  compact  accumula- 
tion of  mixed  mineral  soil  and  humus  found  on  the  tables  or  shelves 
and  over  the  more  irregular  areas  of  bedrock  lying  between  the  out- 
crops. The  presence  of  the  large  rockj  which  had  been  lying  partly 
embedded  in  a  mixture  of  mineral  soil  and  humus  until  dislodged 
by  upturn  No.  29,  may  also  be  explained  as  resulting  from  soil 
movement  occurring  after  the  severe  fire  and  before  the  subsequent 
regrowth  of  the  forest. 

The  shifting  of  material  as  disclosed  by  these  observations  un- 
doubtedly resulted  in  the  burial  of  many  Ribes  seeds  which,  as  has 
been  indicated,  were  probably  being  produced  on  the  area  at  that 
time.  In  addition,  many  of  the  Ribes  seeds  that  were  produced 
after  erosion  had  been  largely  checked  by  vegetation  became  dis- 
tributed locally  in  the  duff  and  litter  of  the  new  forest.  As  this  duff 
increased  and  disintegrated,  the  seeds  that  were  not  destroyed  were 
gradually  covered  by  the  newly  formed  humus  and  as  a  result  were 
present  in  the  humus  layer  at  the  time  of  the  windfall. 

During  the  period  of  erosion  following  the  fire  and  subsequently, 
while  the  duff  of  the  new  forest  was  building  up  the  humus  layer, 
some  of  these  seeds  retained  their  power  to  germinate.  It  seems 
probable  that  this  dormancy  was  enforced  by  the  lack  of  proper 
conditions  for  germination.  At  first,  when  the  fresh  seeds  are  lying 
near  the  surface  of  the  forest  floor,  the  responsibility  for  their 
dormancy  may  rest  on  one  or  more  of  several  factors,  such  as  the 
rapid  drying  out  of  the  litter  and  duff,  the  impermeability  of  the 
seed  coats  of  fresh  seeds,  the  afterripening  of  the  embryo,  and  the 
resistance  to  disintegration  of  the  fruit  skin  and  pulp  which  harden 
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on  drying.  Later,  when  the  litter  and  duff  accumulation  of  several 
years  has  covered  the  seeds  more  deeply,  it  is  probable  that  their 
dormancy  is  favored  by  temperature  conditions. 

It  has  already  been  shown  that  seeds  of  this  species  of  Ribes  did 
not  germinate  promptly  or  abundantly  at  constant  temperatures,  but 
that  prompt  and  abundant  germination  resulted  when  the  seeds  were 
exposed  to  daily  temperature  alternation  of  10°  and  25°  C.  Li 
{15)  has  shown  that  the  daily  range  of  soil  temperatures  below  the 
floor  surface  of  a  forested  area  is  much  smaller  than  that  of  air 
temperatures  3  feet  above  the  floor  surfaces.  The  comparative 
figures  from  Li's  work,  changed  from  the  Fahrenheit  to  the  Centi- 
grade scale,  are  shown  in  Table  9. 

Table  9. — Monthly  arithmetical  mean  of  the  daily  ranges  of  temperature  at 
different  locations  in  white-pine  forests  near  Keene,  N.  II.,  in  192Jf 

[Rearranged  from  Li's  (15)  tables] 


Location 

Arithmetical  means  of  the  daily  ranges  of 
temperature  for — 

July 

August 

September 

October 

Young  forest: 

3  feet  above  the  surface 

16.4 
5.1 
1.5 

16.3 

°C. 

14.3 
4.7 
1.0 

14.5 

3.8 

.9 

13.9 
4.7 
1.1 

13.9 

4.0 

.9 

17.3 

4.8 

6  inches  below  the  surface                                      

1.  1 

Old  forest: 

17.4 

At  the  surface 

3.8 

6  inches  below  the  surface 

1.4 

.9 

Although  it  is  likely  that  the  daily  range  of  temperature  is  greater 
during  May  and  June,  when  much  of  the  germination  of  Ribes  seeds 
occurs  in  nature,  than  during  July,  August,  September,  and  October, 
for  which  figures  are  given,  it  is  not  conceivable  that  the  daily  range 
of  soil  temperatures  6  inches  below  the  surface  approaches  the  15°  C. 
daily  range  used  so  successfully  in  germination  tests  at  the  Boyce 
Thompson  Institute.  It  seems  reasonable  that  the  raising  of  humus 
containing  dormant  Ribes  seeds  from  a  depth  of  5  to  7  inches  to 
heights  as  great  as  10  feet  above  the  forest  floor  by  the  roots  of 
upturning  trees  increased  the  daily  range  of  temperature  at  the 
surface  of  the  newly  exposed  humus  to  a  point  favorable  for  the 
germination  of  the  viable  seeds  which  were  lying  within  the  portions 
so  affected. 

It  is  impossible  to  estimate  the  maximum  age  of  the  seeds  which 
produced  Ribes  seedlings  on  this  upturn  area  in  1926  and  1927. 
Some  of  the  seeds  responsible  may  have  antedated  the  severe  fire, 
while  it  is  reasonably  certain  that  some  were  produced  shortly  after 
the  fire,  before  vegetation  completely  anchored  the  exposed  mineral 
soil  and  remaining  humus.  Unfortunately,  the  detailed  forest-fire 
records  for  this  region  are  comparatively  recent,  and  no  information 
could  be  found  as  to  the  date  of  the  fire.  Since  the  maximum  age 
of  trees  examined  on  this  area  was  approximately  70  years,  these 
trees  showing  no  fire  scars,  the  fire  occurred  some  time  prior  to  1857. 
Conservatively,  the  length  of  the  period  durin^j  which  the  Ribes 
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A. — Sections  A  and  B  of  plot  adjoining  the  surface  of  road  rebuilt  in  1926.  Ribes  seedlings  of  1927 
germination  were  generally  distributed  over  the  exposed  mineral  soil,  from  the  very  edge  of  the 
hard  surface  to  the  top  of  the  cut. 

B. — Profile  showing  divisions  of  the  roadside  plot. 


LOITGEVITY  AND   GERMINATION    OF    SEEDS   OF   RIBES  31 

seeds  responsible  for  many  of  the  seedlings  had  remained  viable 
may  be  placed  at  about  the  age  of  the  trees  which  were  upturned, 
from  25  to  TO  years. 

ROAD-BUILDING  DISTURBANCE 

Many  miles  of  highways  have  been  cut  through  the  forests  of  the 
southeastern  Adirondack  region.  Constant  effort  is  made  by  the 
highway  forces  to  improve  this  road  system  by  relocating  to  reduce 
curves  and  grades  and  by  widening  the  right  of  way,  as  well  as  by 
renewing  the  traction  surfaces.  In  relocating  and  widening  high- 
Avays  running  through  forested  areas,  the  forest  floor  is  disturbed 
over  long  narrow  strips  on  each  side  of  the  roadbeds.  On  these 
strips  the  trees  are  cut,  the  stumps,  bowlders,  and  rock  outcrops  are 
removed,  and  new  cuts  or  fills,  shoulders,  and  ditches  are  made. 
This  work  exposes  new  profiles  of  the  forest  floor  and  mixes  up 
generally  the  litter,  duff^  humus,  and  mineral  soil  layers  on  the 
roadside  strips. 

Typical  disturbance  of  this  description  was  found  along  the  high- 
way from  Paradox  to  Ticonderoga,  N.  Y.,  which  was  in  the  process 
of  reconstruction  during  1926.  At  the  point  to  be  described  here, 
this  work  consisted  of  widening  a  cut  where  the  road  passed  through 
a  stand  of  mixed  pine  and  hardwood,  excavating  new  ditches,  and 
building  a  new  gravel  road  with  wide  earthen  shoulders.  This  road- 
side stand  of  pine  and  hardwood  was  fully  stocked,  having  a  basal 
area  of  116  square  feet  per  acre  at  an  age  of  25  to  35  years.  It  ex- 
tended over  a  strip  75  to  150  feet  wide,  separating  the  highway  from 
a  pastured  area  which  supported  scattering  white  pines  mixed  with 
brush.  In  1927,  this  pasture  from  which  the  roadside  forest  had 
evolved  still  had  an  abnormally  large  population  of  mature  Rihes 
Totundifolmm  plants.  Under  the  dense  forest  stand  fringing  the 
roadside,  the  dead  or  dying  remains  of  large  Ribes  indicated  that 
these  plants  had  thrived  there  also,  before  the  competition  of  the 
growing  forest  became  too  keen  for  their  survival. 

In  reouilding  the  highway  through  this  area  in  1926,  the  right  of 
way  was  widened  into  the  roadside  fringe  of  pine  and  hardwood.  In 
July,  1927,  an  abundance  of  Rihes  rotundifolium  seedlings  of  1927 
germination  were  found  growing  on  the  side  of  the  road  where  fresh 
soil  had  been  exposed  in  1926.  A  study  plot,  85  feet  long  and  30  feet 
wide,  was  laid  out  along  this  roadside  (pi.  3,  A)  to  include  the 
shoulder  of  the  new  road  beginning  at  the  edge  of  the  hard  surface, 
the  sides  and  bottom  of  the  ditch,  the  side  of  the  cut,  the  turned  edge 
on  the  back  of  the  cut,  and  an  undisturbed  strip  of  adjacent  woodland. 
The  plot  was  divided  longitudinally  into  four  sections,  as  shown  in 
Plate  3,  B. 

A  total  of  259  Rihes  rotundif oliwin  seedlings  of  1927  origin  were 
found  on  this  plot  during  several  thorough  searches  made  in  July, 
August,  and  September  1927,  and  in  August,  1928.  (Table  10.)  In 
addition,  21  older  plants  of  the  same  species  were  located.  One  of 
these  grew  in  a  clod  of  forest  duff  and  mineral  soil  that  had  slipped 
part  way  down  the  incline  of  section  B,  5  others  were  found  on  clods 
within  section  C,  and  the  remaining  15  grew  on  the  undisturbed  forest 
floor  within  section  D.  Of  these  21  old  Ribes,  nearly  all  of  which 
were  natural  layers  from  large  bushes  that  had  evidently  existed  on 
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the  plot  before  the  closing  in  of  the  forest  canopy,  only  3  had  more 
than  4  linear  feet  of  live  stem,  and  2  of  these  had  but  8  feet  of  live 
stem.  The  third  of  these  three  plants  was  still  a  large  bush  with 
about  100  feet  of  live  stem  and  was  the  only  bush  on  this  plot  found 
bearing  fruit  (very  few  berries)  in  1927.  One  of  the  other  bushes 
had  fruit  canes  still  alive  w^hich  may  have  borne  fruit  in  recent  years. 
Nineteen  of  the  21  old  bushes,  including  the  2  with  fruit  stems, 
were  found  in  a  group  within  13  feet  of  the  eastern  end  of  the  plot. 
Fifteen  of  the  old  bushes  grew  on  section  D,  but  only  one  of  these  w^as 
more  than  13  feet  from  the  eastern  end  of  the  strip.  All  the  Eibes 
found  on  section  D  were  natural  layers  from  a  preceding  generation 
of  Ribes.  The  1927  seedlings  were  found  generally  distributed  over 
the  entire  length  and  width  of  sections  A,  B,  and  C.  All  Ribes  found 
were  uprooted. 

Table  10. — Seedlings  of  1927  germination  and  older  bushes  of  Ribes  rotundi- 
folium  found  on  the  roadside  plot  near  Paradox,  N.  Y.,  during  several  thor- 
ough searches  made  in  July,  August,  and  September,  1921,  and  in  August, 
1928 


Area 

1927  seedlings 

Total  num- 

Section 

Total 
number 

Rate  per 
acre 

ber  of  older 
Ribes 

A-                   .                                    ..... 

Square  feet 
624 
780 
244 
907 

54 

150 

55 

0 

3,770 

8,377 

9,819 

0 

0 

B 

1 

C.             

5 

D 

15 

Total..           .                .         

2,555 

259 

21 

The  striking  point  in  the  data  shown  in  Table  10  is  that  Rihes 
rotundifolvmn  seedlings  of  1927  germination  were  found  on  the  fresh 
earth  surfaces  of  sections  A,  B,  and  C  at  rates  ranging  from  3,770  to 
9,819  plants  per  acre,  while  no  1927  seedlings  whatsoever  were  found 
on  section  D,  which  included  only  the  undisturbed  forest  floor. 

These  data  indicate  that  general  germination  of  Ribes  seeds  is 
ordinarily  secured  only  where  the  forest  floor  has  been  disturbed. 
The  absence  of  abundantly  fruiting  bushes  along  this  roadside,  to- 
gether with  the  finding  of  a  number  of  layered  fragments  of  large 
bushes  which  had  probably  borne  fruit  before  prohibited  by  the  com- 
petition of  the  forest,  leads  to  the  conclusion  that  many,  if  not  all,  of 
the  1927  seedlings  found  probably  germinated  from  seeds  that  had 
lain  dormant  in  the  forest  floor  from  the  time  that  the  area  sup- 
ported abundantly  fruiting  Ribes  until  the  road  builders,  by  break- 
ing up  and  distributing  the  litter,  duff,  humus,  and  mineral  soil  of 
the  forest  floor,  released  the  Ribes  seeds  and  unwittingly  prepared  a 
seed  bed  where  conditions  were  favorable   for  their   germination. 

EXPERIMENTAL  DISTURBANCE 

On  September  13  and  14,  1927,  when  relatively  few  berries  re- 
mained on  the  Ribes  in  the  locality,  section  D,  of  the  Paradox  road- 
side plot  already  described,  was  experimentally  disturbed.  Section 
J)  was  85  feet  long  and  averaged  10.68  feet  in  width.     This  area  of 
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0.0208  of  an  acre  was  cleared  of  slash  and  bowlders,  and  the  vegeta- 
tion, except  for  trees  over  1  inch  in  diameter,  was  pulled  up  and 
thrown  outside  of  the  plot.  All  the  2  to  3  inch  layer  of  litter,  duff, 
and  humus,  except  for  stray  bits  which  lodged  in  the  surface  irregu- 
larities, was  removed  with  a  rake  and  a  pitchfork  and  piled  outside 
the  ends  and  edge  of  section  D.  The  mineral  soil  was  exposed  over 
the  entire  section. 

This  roadside  plot  was  not  thoroughly  reexamined  until  August  3 
and  4,  1928.  At  that  time  all  sections  of  the  plot  were  carefully 
searched  for  Kibes.  Many  Ribes  seedlings  of  1928  origin  were  found 
in  all  the  sections,  as  shown  in  Table  11.  A  comparison  of  this  table 
with  Table  10  shows  that  while  slightly  fewer  seedlings  originated  in 
1928  than  in  1927  on  sections  A  and  C,  many  more  originated  in 
1928  than  in  1927  on  section  B.  The  proportionately  greater  germi- 
nation of  Ribes  seeds  in  1928  on  section  B  than  on  either  sections 
A  or  C  may  possibly  be  explained  by  the  fact  that  this  section,  which 
included  the  longest  and  steepest  slope  (pi.  3,  A  and  B)  on  the  plot, 
was  eroded  more  than  either  of  the  other  two  divisions.  Evidently, 
erosion  had  exposed  a  greater  number  of  buried  seeds  to  conditions 
favorable  for  their  germination  on  section  B  than  on  either  sections 
AorC. 


Table  11. — Ribes  rotundifolium  seedlings  of  1928  origin  on  the  roadside  plot 
near  Paradox,  N.  Y.,  in  August,  1928 


Area 

1928  seedlings 

Section 

Total 

Rate  per 
acre 

A ...: 

Square  feet 
624 
780 
244 
907 

38 
268 

49 
942 
342 

2,653 
14, 967 
8,748 

}          61, 666 

B 

C 

D.- 

Duff  piles  outside  D 

Total 

2,555 

1,639 

r 

Section  D,  where  no  Ribes  seedlings  had  occurred  in  1927  (Table 
10),  and  which  had  been  experimentally  disturbed  on  September 
13  and  14,  1927,  was  a  veritable  seed  bed  full  of  Ribes  in  August, 
1928.  On  the  strip  itself,  942  seedlings  were  counted  (Table  11), 
while  342  were  found  on  the  piles  of  litter,  duff,  and  humus  removed 
from  the  strip.  Seedlings  grew  on  section  D  and  from  the  organic 
mantle  removed  from  this  strip,  at  the  rate  of  61,666  plants  per 
acre.  These  figures  are  low,  since  young  Ribes  are  easily  overlooked 
and  the  examination  was  made  late  in  the  season  after  some  early 
mortality  had  undoubtedly  occurred.  The  seeds  responsible  for  these 
plants  had  evidently  been  lying  dormant  in  the  duff,  humus,  and 
mineral  soil  of  the  forest  floor  prior  to  the  disturbance. 

In  considering  the  distribution  of  the  1928  seedlings,  it  should  be 
remenibered  that  14  of  the  15  old  Ribes  removed  from  section  D  in 
1927,  including  the  two  plants  with  fruit  stems,  were  found  within 
13  feet  of  the  eastern  end  of  the  plot.  The  portion  of  the  plot  sup- 
porting these  14  old  bushes  in  1927  on  an  area  of  150  square  feet 
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produced  30  seedlings  in  1928,  or  8,712  per  acre.  On  the  remaining 
757  square  feet  of  section  D,  excluding  the  plants  found  on  the  dulf 
piled  outside  the  strip,  912  seedlings  were  found  in  1928,  or  52,479 
per  acre. 

Plate  4,  A,  shows  the  distribution  of  the  1928  seedlings  as  well  as 
the  location  of  the  old  plants  removed  in  1927.  It  is  evident  that 
14  of  the  15  bushes  removed  in  1927  were  responsible  for  very  few  of 
the  seeds  which  resulted  in  the  1928  crop  of  seedlings.  The  last  one 
of  the  15  old  plants  removed  in  1927  was  nearer  the  other  end  of 
the  plot.  This  7-year-old  plant  was  a  natural  layer  from  a  much 
larger  bush  w^hich  apparently  had  succumbed  to  the  influence  of 
increasing  competition  of  the  forest.  Judging  from  the  age  of  the 
remaining  fragment  of  this  old  plant,  it  was  estimated  that  the 
latter  had  declined  too  far  by  1917  to  bear  fruit.  In  1928  many 
seedlings  were  found  on  the  site  of  this  old  plant.  (PL  4,  B.)  It 
therefore  seems  probable  that  these  seedlings  grew  from  seeds  that 
had  lain  dormant  in  the  duif  and  soil  for  10  years  or  more. 

These  data  indicate  that  seeds  of  Eihes  rotundifolium  may  remain 
viable  in  the  forest  floor  for  several  years  after  the  parent  plants 
have  been  eliminated  and  that  a  disturbance  of  the  forest  floor 
brings  about  their  germination. 

Data  resulting  from  the  experimental  disturbance  of  a  small  area 
near  upturn  No.  30  also  showed  that  Kibes  seeds  lying  in  the  forest 
floor  ordinarily  germinate  only  after  some  disturbance  of  the  duff 
brings   about  favorable  conditions.     The  upturn  occurred   late   in 

1925  or  early  in  1926,  and  on  July  27,  1927,  17  Kibes  seedlings  of 

1926  and  1927  origin  were  found  growing  in  zone  D.  (Table  7.) 
No  seedlings  were  growing  beyond  the  disturbed  edge  of  the  hole 
left  by  the  upturn.  On  September  22,  1927,  an  area  of  the  forest 
floor  3  by  9  feet  in  extent  and  lying  just  outside  of  the  disturbance 
caused  by  upturn  No.  30,  was  disturbed  by  furrowing  the  area  down 
to  bedrock  with  a  pointed  stick.  Although  no  seedlings  were  found 
on  this  plot  before  it  was  disturbed  in  1927,  11  Kibes  seedlings  of 
1928  origin  were  found  there  on  August  17,  1928.  (PI.  5,  A.) 
These  grew,  as  the  direct  result  of  the  experimental  disturbance, 
from  seeds  that  had  been  lying  in  the  duff  and  humus  since  the 
eradication  of  Kibes  from  this  forest  area  in  1923. 

Interesting  results  were  also  secured  from  the  experimental  dis- 
turbance of  strips  across  a  plot  90  by  100  feet  in  size,  located  on 
an  eastern  slope  at  the  southern  end  of  Hackensack  Mountain,  War- 
rensburg,  N.  Y.  This  slope  was  densely  wooded,  supporting  a  pure 
stand  of  white  pine  about  75  years  of  age.  The  basal  area  of  the 
trees  on  the  plot,  at  1  foot  above  the  ground  and  inside  the  bark, 
was  equivalent  to  267  square  feet  per  acre.  Unpublished  data  ob- 
tained by  the  writer  on  the  life  history  of  Rihes  rotundifolium  indi- 
cate that  the  bearing  of  fruit  by  plants  of  this  species,  growing 
under  fully  stocked  coniferous  stands,  ceases  before  the  basal  area 
of  the  stand  reaches  150  square  feet  per  acre.  The  stand  on  this 
plot,  with  267  square  feet,  is  estimated  to  have  passed  the  150  square 
feet  basal  area  mark  between  1887  and  1897,  based  on  growth  meas- 
urements of  stumps  on  the  right  of  way  for  a  telephone  line  re- 
cently cut  through  another  part  of  the  stand.  This  indicates  that 
fruit  production  of  this  Kibes  has  been  lacking  or  very  limited  on 
this  area  during  the  last  35  to  40  years. 
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A.— yiew  of  section  D  of  im-  mmumih-  phh  ipi.  ,^,  A  ami  ii),  ^llowingthe  location  of  Ribes  found  in 
1927  and  1928  on  a  13-foot  portion  at  one  end  of  the  section.  No  seedlings  were  found  on  section 
D  in  1927.  The  locations  of  the  15- year-old  plants  found  in  1927  are  marked  by  the  larger  white 
cards,  14  of  which  are  in  the  13-foot  portion  in  the  foreground.  In  this  part  of  section  D  only  30 
seedlings  were  found  in  1928  following  the  experimental  disturbance  of  the  forest  floor.  These 
are  marked  by  the  smaller  white  cards.  Beyond  these  may  be  seen  many  of  the  stakes  marking 
locations  of  the  1928  seedlings  found  on  the  rest  of  the  strip. 

B. — A  view  of  the  numerous  stakes,  each  marking  a  1928  Ribes  seedling,  in  another  portion  of  sec- 
tion D  of  the  roadside  plot.  The  white  card  marks  the  site  where  a  7-year-old  vegetative  frag- 
ment of  an  otherwise  extinct  Ribes  bush  was  removed  in  1927.  The  vegetative  fragment  removed 
had  never  borne  fruit,  and  it  seems  probable  that  the  parent  plant,  of  which  no  other  trace  was 
found,  had  ceased  to  bear  fruit  by  1917.  The  numerous  seedlings  appearing  in  1928  as  a  result 
of  the  experimental  disturbance  of  the  forest  floor  probably  originated  from  seeds  at  least  10  years 
old. 
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A.— View  of  edge  of  hole  left  in  the  forest  floor  by  upturn  No.  :W.    In  1927,  17  Ilibes  seedlings  of 

1926  and  1927  origin  were  found  growing  along  the  broken  edge  of  the  duff  adjoining  the  bedrock 
bared  by  the  upturn.  No  Ribes  were  found  outside  the  zone  of  disturbance  created  by  the 
upturned  tree.  On  September  22,  1927,  a  plot  3  by  9  feet  in  size,  marked  in  this  illustration  by 
white  string  and  lying  outside  of  the  zone  of  upturn  disturbance,  was  experimentally  disturbed. 
On  August  17,  1928,  11  Ribes  seedlings  of  1928  origin  were  found  on  this  plot  where  none  grew  in 

1927  prior  to  the  disturbance.  The  large  white  cards  mark  the  1928  seedlings  found  on  the  plot 
and  the  small  white  cards  the  14  survivors  in  1928  of  the  17  plants  found  in  1927  in  the  zone  dis- 
turbed by  the  upturn. 

B.— View  looking  across  strip  E  of  the  Ilackensack  Mountain  plot.  Note  the  heavy  shade  of  the 
75-year-old  stand  of  pure  white  pine.  It  is  estimated  that  no  Ribes  have  borne  fruit  on  this  area 
in  the  last  35  or  40  years  because  of  the  shade.  All  Ribes  on  this  plot  were  removed  in  July,  1927, 
and  in  September,  1927,  the  layer  of  litter,  averaging  IJ^  inches  in  depth,  was  carefully  removed 
from  this  strip  in  such  a  manner  as  to  avoid  the  distribution  of  material  removed  over  any  portion 
already  treated.  By  September  14, 1928,  30  Ribes  seedlings  of  1928  origin  had  been  found  on  this 
strip  and  2  more  on  the  piles  of  litter  removed  from  this  strip.  This  illustration  shows  the  dis- 
tribution of  28  of  the  30  seedlings  found  on  the  strip,  marked  by  white  cards. 


LONGEVITY  AND   GERMINATION    OF    SEEDS   OF   RIBES  35 

On  July  20  and  21,  1927,  several  careful  searches  of  this  plot 
yielded  35  Ribes  plants,  30  of  which  were  R.  rotund  if  oliu7)v^  and  5 
R.  vulgare.  All  the  Ribes  were  (jf  small  size,  18  having  less  than  1 
foot  of  live  stem  while  the  largest  had  but  4.3  feet  of  live  stem. 
The  Ribes  population  was  equivalent  to  169  plants  per  acre.  These 
Ribes  were  either  of  spindling  upright  form  or  of  reclining  vinelike 
form,  both  of  which  are  common  types  for  Ribes  existing  under 
heavy  shade.  The  writer  has  never  found  R.  rotundifoliunn  or 
R.  vulgare  of  these  types  bearing  fruit.  All  Ribes  found  were  re- 
moved from  this  plot  in  1927. 

During  September  7  to  10,  1927,  the  plot  on  Hackensack  Moun- 
tain was  divided  by  strings  into  9  strips,  each  10  feet  wide  by  100 
feet  long  and  extending  from  the  higher  to  the  lower  end  of  the  plot. 
The  nine  strips,  designated  consecutively  by  letters  from  A  to  I, 
received  the  following  individual  treatment : 

Strip  A. — All  vegetation  was  removed  and  thrown  outside  the  plot.  An 
attempt  was  made  to  remove  from  this  strip  all  the  litter,  duff,  and  humus, 
together  with  a  thin  laj^er  of  mineral  soil,  without  spilling  any  of  this  material 
on  the  portion  of  the  strip  already  bared.  A  shovel  was  forced  through  the 
upper  part  of  the  mineral  soil  in  a  horizontal  direction,  and  complete  sections 
of  the  forest  floor  with  layers  intact  were  carefully  lifted  on  the  shovel  over 
the  unworked  portion  of  the  strip.  This  material  was  thrown  outside  of  the 
strip  at  the  ends  and  along  the  outer  edge.  In  spite  of  the  care  used,  obstruc- 
tions such  as  roots  and  bowlders  occasionally  caused  the  dropping  of  small 
bits  of  the  organic  mantle  on  the  bared  portions  of  the  strip.  The  layer  of 
material  removed  averaged  about  ^V^  inches  in  depth,  most  of  which  was 
pine-needle  litter.  The  mineral  soil  exposed,  a  sandy  loam  of  light-brown 
color,  was  then  raked  to  loosen  the  surface  and  thus  provide  better  conditions 
for  the  germination  of  seeds  that  might  remain  on  the  strip. 

Strip  C. — All  vegetation  and  loose  stones  were  removed  from  the  strip. 
Beginning  at  the  ends  of  the  strip,  practically  all  the  2-inch  layer  of  litter, 
duff,  and  humus  was  removed  with  a  rake  and  pitchfork.  The  organic  mantle 
of  the  middle  portions  of  the  strip  was  tossed  and  raked  over  the  mineral-soil 
surfaces  already  exposed  at  either  end,  in  an  attempt  to  sift  out  of  this  material 
any  Ribes  seeds  it  might  contain  and  leave  these  on  the  strip.  The  material 
removed  was  piled  outside  the  ends  of  the  strip. 

Strip  E. — All  vegetation  and  loose  stones  were  removed  from  the  strip. 
Beginning  near  the  middle  of  the  strip  and  using  the  loop  side  of  a  lawn  rake 
the  11/^ -inch  layer  of  litter  was  raked  toward  the  ends  of  the  strip,  exposing 
duff,  humus,  and,  in  some  places,  mineral  soil.  The  raking  was  carefully  done 
so  as  to  avoid  scattering  any  of  the  removed  litter  over  the  newly  exposed  sur- 
face of  the  strip.     The  material  removed  was  piled  outside  the  ends  of  the  strip. 

Strip  O. — ^All  branch  litter,  vegetation,  and  loose  stones  were  removed  from 
the  strip.  None  of  the  leaf  litter  or  duff  was  moved  off  the  strip,  but  the 
forest  floor  down  into  the  mineral  soil  was  thoroughly  agitated  with  rake, 
shovel,  and  pitchfork. 

Strip  I. — ^AU  branch  litter  and  vegetation  were  carefully  removed  with  as 
little  forest-floor  disturbance  as  possible.  Over  200  rocks  showing  above  the 
surface  were  similarly  removed.     No  other  treatment  was  used  on  this  strip. 

Strips  B,  D,  F,  and  H. — ^These  alternate  strips  were  left  as  checks  and  were 
not  disturbed  intentionally.  However,  a  slight  disturbance  of  the  forest  floor 
may  have  been  caused  by  the  removal  of  the  Ribes  from  these  strips  in  1927 
and  by  having  branches  and  stones  from  the  adjoining  treated  strips  thrown 
on  them.  A  slight  local  disturbance  of  the  forest  floor  of  check  strip  B  was 
later  observed,  as  the  owner  had  removed  a  dead  tree  for  fuel  during  the 
winter  of  1927-28. 

All  the  strips  were  carefully  searched  for  Ribes  seedlings  five  times 
between  May  24  and  September  14,  1928.  The  total  number  of  these 
plants  found  on  each  strip  and  on  the  piles  of  material  removed  from 
strips  A,  C,  and  E  is  given  in  Table  12. 
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Table  12. — Ribes  seedlings  of  1928  germination  found  between  May  2Jf  and 
September  14,  1928,  on  strips  treated  in  various  ways  on  the  Hackensack 
Mountain  plot,  Warrcnsburg,  N.  Y. 


[Detailed  descriptions  of  the  treatments  are  given  on  p.  35] 

Treatment 

Seedlings 

Strip 

On  strip 
itself 

On  duff 
piled  out- 
side of 
strip 

Total 

A 

All  organic  mantle  removed  without  releasing  fine  particles. 
No  intentional  disturbance.     (Removal  of  one  tree  by  owner 

caused  slight  local  agitation  of  forest  floor.) 
All  organic  mantle  removed  after  thorough  agitation  to 

release  fine  particles. 
No  intentional  disturbance 

6 
3 

20 

1 
30 

0 
20 

0 

14 

27 

33 
3 

B  (check)..-. 

C 

11 

31 
1 

D  (check).... 

Litter  removed  without  releasing  fine  particles  or  agitating 

lower  duff  layer. 
No  intentional  disturbance 

2 

32 

F  (check).... 

0 

Q. ..... 

No  material  removed,  but  forest  floor  thoroughly  agitated  to 

mineral  soil. 
No  intentional  disturbance 

20 

H  (check).... 

0 

I... 

Vegetation  and  exposed  rocks  removed  without  agitation  or 
removal  of  litter  and  duff. 

1  4 

1  One  of  these  plants  was  Ribes  vulgare;  all  the  others  were  R.  rotundi folium. 

The  data  on  Ribes  seedlings  of  1928  germination  found  on  the 
Hackensack  Mountain  plot  (Table  12)  furnish  valuable  indications 
of  the  depths  below  the  normal  surface  of  the  forest  floor  at  which 
the  seeds  producing  the  plants  were  lying.  On  strip  A,  where  all 
the  forest  floor  down  into  the  mineral  soil  was  removed  as  com- 
pletely as  possible,  only  six  seedlings  were  found.  Two  of  these 
were  growing  from  the  cross  section  of  the  duff  and  humus  layer 
exposed  at  the  extreme  edge  of  the  strip.  The  other  four  plants 
came  up  in  the  strip  proper  from  the  mineral  soil  which  had  been 
bared  by  the  removal  of  the  organic  mantle.  It  is  likely  that  some 
particles  of  duff  and  humus  which  were  accidentally  dropped 
on  the  mineral-soil  surface  of  this  strip  during  the  process  of  re- 
moving this  material  included  some  viable  Ribes  seeds  from  which 
these  four  plants  may  have  originated.  The  fact  that  27  seedlings 
were  found  growing  from  the  material  removed  from  the  strip  and 
piled  outside  of  the  plot  indicates  that  the  litter,  duff,  humus, 
and  upper  mineral-soil  layers  removed  harbored  most  if  not  all 
of  the  viable  Ribes  seeds  present  in  the  forest  floor.  Thirty-three 
seedlings  came  up  in  1928  on  strip  A  and  on  the  material  removed 
therefrom. 

On  strip  C  proper  and  on  the  material  removed  from  strip  C, 
31  plants  were  found  in  1928,  or  very  nearly  the  same  number  as 
on  strip  A.  The  difference  in  the  method  of  removing  the  organic 
mantle  on  strip  C,  where  this  material  was  thoroughly  agitated 
and  raked  over  the  exposed  mineral  soil  before  removal,  resulted 
in  a  higher  proportion  of  the  Ribes  seeds  contained  in  the  litter, 
duff,  or  humus  being  left  on  the  strip  itself. 

On  strip  E  32  Ribes  seedlings  were  found  on  the  strip  itself  and 
on  the  material  removed  from  the  strip,  as  compared  with  33  for 


LONGEVITY  AND   GEEMINATION    OF    SEEDS    OF   KIBES  37 

strip  A  and  31  for  strip  C.  In  the  case  of  strip  E,  however,  all 
but  2  of  these  32  plants  came  up  on  the  strip  itself,  indicating  that 
few  of  the  viable  Ribes  seeds  were  included  in  the  material  removed. 
Since  this  material  (the  surface  layer  of  litter)  was  removed  with- 
out distributing  any  particles  of  it  over  the  completed  portions  of 
the  strip,  it  seems  certain  that  most,  if  not  all,  of  the  seeds  respon- 
sible for  the  32  plants  found  were  present  in  the  duff  layer  1%  inches 
or  more  below  the  surface  of  the  forest  floor  before  the  strip  was 
treated.  The  fact  that  the  carefully  removed  layer  of  litter,  averag- 
ing 11/2  inches  in  depth,  produced*^ but  2  of  the  32  seedlings  found 
on  this  strip  indicates  that  few,  if  any,  of  these  plants  grew  from 
recently  disseminated  seeds. 

On  strips  G  and  I,  20  and  4  Ribes  seedlings,  respectively,  were 
found.  Assuming  that  Ribes  seeds  as  indicated  by  the  amount  of 
germination  obtained  on  strips  A,  C,  and  E,  were  evenly  distributed 
over  the  entire  area,  it  is  evident  that  the  treatment  of  strips  G  and 
I  was  not  so  effective  in  causing  germination  of  dormant  Ribes  seeds 
lying  in  the  forest  floor  as  was  tlie  treatment  of  strips  A,  C,  and  E. 

On  the  check  strips,  B,  D,  F,  and  H,  but  four  seedlings  were 
found  in  1928.  Two  of  these,  located  on  strip  B,  were  definitely 
associated  with  the  local  disturbance  of  the  forest  floor  caused  by 
the  felling  of  a  dead  tree  on  this  strip  during  the  winter  of  1927-28. 
The  fact  that  only  two  other  seedlings  were  found  on  these  four 
strips,  on  which  a  slight  disturbance  could  not  be  avoided,  is  further 
indication  that  the  general  germination  of  dormant  Ribes  seeds 
lying  in  the  forest  floor  is  primarily  dependent  on  major  disturb- 
ances of  the  organic  horizons. 

The  seeds  responsible  for  the  relatively  large  number  of  seedlings 
of  1928  germination  occurring  on  the  treated  strips  (on  strips  A, 
C,  and  E  at  the  rate  of  1,394  per  acre)  had  either  been  produced  on 
the  area  before  the  shade  of  the  forest  stand  became  prohibitive 
for  the  fruiting  of  Ribes  or  had  been  gradually  introduced  from 
extraneous  sources  and  had  accumulated  in  the  litter  and  duff  during 
the  life  of  the  stand.  The  fact  that  most  of  the  Ribes  seedlings 
grew  definitely  from  the  duff  horizon  indicates  that  the  seeds  re- 
sponsible had  been  lying  dormant  in  the  forest  floor  for  a  consider- 
able period  of  j^ears,  perhaps  40  years  or  longer. 

In  addition  to  the  experiments  already  discussed,  20  small  spots 
in  various  locations  in  the  southeastern  Adirondack  region  were 
artificially  disturbed  late  in  1927  by  raking  off  by  hand  the  surface 
layer  of  litter  in  order  to  test  further  the  response  to  this  treatment 
as  measured  in  the  resulting  number  of  Ribes  seedlings.  Only  15 
of  these  spots  could  be  found  in  1928.  The  results  of  the  examina- 
tion of  these  are  shown  in  Table  13.  The  spots  were  circular  for 
the  most  part,  averaging  about  4  feet  in  diameter. 
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Table  13. — Ribes  seedlings  found  in  1928  on  spots  artificiallp  disturbed  late 
in  1927  at  various  points  in  the  southeastern  Adirondack  region 


Location  of  spot  with  reference  to  old  Ribes 


Picked  at  random  in  Schroon  River  upturn  area 

Under  dying  Ribes  bush.- 

On  sites  where  large  Ribes  bushes  were  hung  up  during  1923  eradica 
tion  season 

On  sites  of  large  Ribes  bearing  fruit  in  1927 

On  original  site  of  large  Ribes  eradicated  in  1923 

Under  large,  dead  Ribes  bush  in  heavy  pine  shade 


Number 

Num- 

of 1928 

ber  of 

seedlings 

Total 

spots 

on  each 
spot 

1 

0 

0 

1 

1 

1 

4 

0,  0,  2,  3 

5 

6 

/      0,0,0 
1     1,3,59 

}        63 

2 

16,28 

44 

1 

89 

89 

Average 
per  spot 


0 
1.00 

1.25 

10.50 

22.00 
89.00 


Of  the  15  spots  disturbed  in  1927  and  reexamined  in  1928,  9  had 
Ribes  seedlings  of  1928  origin,  from  1  to  89  in  number.  In  only- 
four  spots  were  more  than  three  seedlings  found  in  1928.  It  is  in- 
teresting to  note  that  in  three  of  these  four  cases  there  had  been  no 
recent  source  of  seeds.  The  two  spots  on  original  sites  of  Ribes 
eradicated  in  1923  produced  a  total  of  44  seedlings,  although  there 
had  been  no  source  of  seeds  in  the  vicinity  since  1923.  One  spot,  44 
inches  in  diameter,  under  a  large  dead  Ribes  bush  had  89  seedlings 
in  1928,  despite  the  fact  that  the  bush  had  been  dead  at  least  5  years 
and  probably  had  not  produced  any  fruit  in  the  last  10  years,  because 
of  its  position  in  the  dense  shade  of  pine  trees  45  years  old.  These 
data  are  additional  indications  both  of  the  longevity  of  Ribes  seeds 
contained  in  the  forest  floor  and  of  the  necessity,  under  ordinary 
conditions  of  a  forest-floor  disturbance,  for  their  general  germina- 
tion. 

Ribes  seedlings  came  up  on  the  Hackensack  Mountain  plot,  on 
section  D  of  the  Paradox  roadside  plot,  on  the  small  plot  near  upturn 
No.  30,  and  on  the  nine  small  artificially  disturbed  spots,  as  a  direct 
result  of  forest-floor  disturbance  unaccompanied  by  any  abrupt 
change  in  the  forest  canopy.  This  fact  indicates  that  the  shade  of 
the  forest  canopy  was  not  the  principal  factor  controlling  the 
dormancy  of  the  seeds  lying  in  the  forest  floor. 


> 


SUMMARY 


Experiments  and  observations  reported  in  this  bulletin  indicate 
that  viable  seeds  of  some  species  of  currants  and  gooseberries,  par- 
ticularly of  Ribes  rotundifoUum,  accumulate  in  the  forest  floor  of 
white  pine  areas  during  periods  favorable  for  the  bearing  of  fruit 
by  plants  of  these  species;  that  these  seeds  may  remain  dormant  in 
the  forest  floor  for  protracted  periods ;  and  that  they  germinate  soon 
after  the  occurrence  of  forest-floor  disturbances  such  as  are  caused 
by  ground  fires,  logging  operations,  windfalls,  and  road  building. 
Apparently,  such  disturbances  of  the  forest  floor  are  essential  for 
the  general  germination  of  these  naturally  stored  Ribes  seeds.  These 
seeds  may  germinate  under  a  heavy  forest  canopy  if  the  forest  floor 
is  disturbed  down  to  the  mineral  soil. 

Laboratory  tests  show  that  seeds  of  Ribes  rotundifoliwn.  and  R. 
cynosbati  germinate  more  abundantly  and  more  promptly  when  sub- 
jected to  daily  alternation  of  temperature  than  when  the  temperature 
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remains  constant.  Daily  alternation  of  temperature  from  10°  to  25° 
C.  gave  the  best  results.  It  seems  probable  that  the  much  narrower 
daily  range  of  temperature  below  the  surface  of  the  forest  floor  may 
be  an  imjDortant  cause  of  the  dormancy  of  Ribes  seeds  lying  below 
the  surface. 

Seeds  of  these  species  tested  under  laboratory  conditions  germi- 
nated less  promptly  and  less  abundantly  in  natural  peat  than  in  peat 
neutralized  with  calcium  carbonate.  These  results  suggest  soil 
acidity  as  another  factor  that  may  favor  dormancy  in  Ribes  seeds. 
Other  investigators  have  suggested  various  causes  for  the  dormancy 
of  seeds,  such  as  immaturity  of  embryos,  dormancy  of  embryos,  me- 
chanical resistance  to  expansion  by  the  structures  inclosing  the  seed, 
and  the  impermeability  of  seed  coats  of  some  seeds.  While  it  was 
not  possible  from  the  studies  reported  in  this  bulletin  to  determine 
what  factor  or  combination  of  factors  is  responsible  for  the  dormancy 
of  Ribes  seeds  stored  naturally  in  the  forest  floor,  it  is  obvious  that 
this  dormancy  occurs. 

From  the  standpoint  of  blister-rust  control,  it  is  necessary  to  retain 
w^hite  pine  areas  relatively  free  of  Ribes  plants  because  the  extent  of 
the  damage  caused  to  pines  by  the  blister-rust  disease  is  proportionate 
to  the  abundance  and  susceptibility  of  Ribes  leafage  wnthin  approxi- 
mately 900  feet  of  the  trees.  To  this  end,  on  areas  where  conditions 
are  favorable  for  the  growth  of  Ribes,  the  prevention  of  ground  fires 
and  the  minimization  of  other  forest  disturbances  that  bring  about 
the  germination  of  naturally  stored  Ribes  seeds  are  of  importance  in 
control  work.  It  is  also  important  that  control  operations  be  timed 
so  as  to  keep  white  pine  areas  free  of  fruit-producing  Ribes  plants, 
in  order  to  prevent  the  accumulation  of  seeds  in  the  forest  floor. 
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INTRODUCTION 

A  highly  significant,  though  peaceful,  revolution  is  taking  place 
in  the  American  naval-stores  industry.  The  raw  material  involved 
is  the  oleoresin,  or  "  gum,"  which  exudes  from  wounds  cut  in  the 
wood  of  the  living  longleaf  pine  {Pinus  palustr'is  Miller)  and  slash 
pine  {P.  carihaea  Morelet),  w^hich  grow  in  the  coastal  plain  region 
of  the  southeastern  United  States.  From  these  living  trees,  and 
from  the  stumps  of  their  predecessors  in  the  virgin  forest,  is  ob- 
tained more  than  65  per  cent  of  the  world's  supply  of  turpentine 

1  The  author  wishes  to  express  her  appreciation  of  the  generous  cooperation  given  by 
various  members  of  the  Forest  Service  and  of  the  naval  stores  industry,  as  well  as  by 
others  interested  in  better  operating  methods.  Special  acknowledgment  is  made  to  Austin 
Cary,  logging  engineer,  and  to  E.  R.  McKee,  principal  forest  ranger,  who  selected  and 
matched  the  trees  and  made  this  study  possible.  The  turpentining  was  conducted  as  a 
part  of  the  Graham  naval  stores  demonstration  project,  instituted  by  Region  7  of  the 
Forest  Service  and  supervised  by  E.  R.  McKee  with  the  able  assistance  of  J.  T.  Wright 
and  his  helpers  who  were  responsible  for  chipping  the  trees  and  for  collecting  and 
weighing  the  oleoresin  obtained. 

-Maintained  at  Madison,  Wis.,  in  cooperation  with  the  University  of  Wisconsin. 
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and  rosin  as  well  as  other  compounds,  such  as  pine  oil  and  tar. 
Wholly  unfounded  to-day  appears  to  be  the  belief,  which  has  been 
rather  widespread,  that  this  great  American  industry  is  to  disap- 
pear. No  longer  do  the  well  informed  believe  that  the  production 
of  naval  stores  will  cease  with  the  passing  of  the  virgin  pine  forests 
of  the  South,  or  that  it  is  in  danger  of  becoming  as  out  of  date  as 
the  wooden  ships  whose  use  of  pine  tar  and  pitch  in  early  days 
led  to  these  pine  products  being  called  naval  stores. 

"  Pine  tree  chemicals  "  is  the  collective  name  now  applied  to  the 
already  increasing  number  of  the  more  highly  refined  products  that 
are  manufactured  from  the  crude  exudate  from  the  living  trees  and 
from  the  products  distilled  and  extracted  from  the  stump  wood  of 
the  virgin  stands.  A  further  expansion  o'f  the  list  of  products 
promises  to  result  from  continued  scientific  research  on  these  com- 
pounds. To  maintain  the  production  of  oleoresin  it  is  necessary 
to  perpetuate  the  forests  of  living  pines,  which  are  its  major  source. 
At  the  present  time  there  is  throughout  the  region  where  the  long- 
leaf  and  slash  pines  grow,  an  increasing  realization  and  appreciation 
of  the  value  of  the  great  number  of  young  trees,  often  somewhat 
scattered  and  unkempt  it  is  true,  but  for  the  most  part  made  up  of 
sturdy  volunteers  which  have  risen  up  and  successfully  occupied 
considerable  areas  of  cut-over  land. 

The  vigor  of  these  young  trees  in  favorable  situations,  their 
capacity  for  maintaining  the  yield  of  oleoresin,  and  their  hardihood 
in  resisting  fire  have  been  a  source  of  amazement,,  but  are  also  recog- 
nized as  very  potent  assets.  Moreover,  even  the  somewhat  sporadic 
attempts  at  forest  management  thus  far  applied  to  such  stands,  in 
the  form  of  fire  protection  and  early  thinning  to  relieve  the  stunting 
effect  of  too  dense  growth,  have  made  more  apparent  the  value  of 
this  crop  of  potentially  multi-product  trees  which  produce  oleoresin, 
pulpwood,  poles,  ties,  and  lumber.  These  trees  are  justly  held  to 
be  an  important  factor  in  solving  the  problem  of  the  best  land 
use  for  a  large  proportion  of  the  50,000,000  or  60,000,000  acres 
included  in  the  coastal  plain  area  of  the  Southeastern  States. 

Once  the  trees  are  large  enough  to  yield  a  profitable  amount  of 
oleoresin,  it  follows  that  the  methods  used  for  their  exploitation  are 
of  paramount  importance.  Growth  in  height  and  in  diameter  and 
also  crown  development  should  not  be  unduly  reduced  by  turpen- 
tining nor  should  the  vigor  of  the  trees,  as  manifested  in  one  way  by 
the  increase  in  resin  flow  as  a  result  of  wounding,  be  seriously  im- 
paired by  a  wasteful  and  needless  depletion  through  excessive  re- 
moval of  wood.  To  this  end  a  number  of  experiments  and  tests  have 
been  and  are  being  conducted  in  the  southern  forests  by  various 
Forest  Service  units. 

The  study  here  reported  was  conducted  by  the  Forest  Products 
Laboratory  of  the  Forest  Service  on  material  from  trees  that  were 
turpentined  on  the  Choctawhatchee  National  Forest  in  Florida.  No 
radical  changes  in  methods  already  in  practice  in  the  woods  were 
involved.  The  only  modification  was  the  making  of  a  slight  reduc- 
tion in  the  height  (vertical  length)  of  the  chip  of  wood  removed 
each  time  the  wound  was  freshened.  The  results  obtained  in  this 
test  demonstrate  that  the  low  chipping  (chips  one-fourth  inch  in 
vertical  height)  described  successfully  keeps  ahead  of  the  lightwood, 
that  is,  the  darkened  part  of  the  wood  near  the  surface  of  the  wound, 
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where  resin  has  soaked  into  the  woody  tissues.  Moreover,  this  con- 
servative chipping  can  be  applied  safely  and  profitably.  It  is  espe- 
cially desirable  for  use  on  young  trees  that  are  to  be  cupped  repeat- 
edly over  a  prolonged  period. 

PREVIOUS  ATTEMPTS  TO  REDUCE  THE  HEIGHT  OF  CHIPPING 

In  theory  at  least,  the  idea  of  removing  only  a  thin  chip  each 
time  the  wound  is  freshened  is  by  no  means  new.  Thin  chipping  was 
recommended  in  1851  by  DeBow  (-5)^  and  a  partially  successful  effort 
to  determine  its  advantages  was  made  in  1911  by  Herty  (7,  8). 

The  introduction  on  a  commercial  scale  of  distinctly  lower  chip- 
ping than  was  generally  practiced,  followed  the  first  sale  of  Govern- 
ment turpentine  leases  on  the  Choctawhatchee  National  Forest  in 
Florida,  where  turpentine  work  under  Government  regulation  began 
in  1910.  With  reference  to  the  height  of  the  faces,  the  leases  stipu- 
lated that  not  more  than  one-half  inch  of  new  wood  was  to  be  taken 
from  the  upper  side  of  each  streak,  whereas  the  common  practice 
was  to  remove  three-fourths  to  1  inch.  Moreover,  the  faces  chipped 
or  "  pulled  "  were  to  be  restricted  to  not  more  than  16  inches  increase 
in  height  each  season.  A  No.  0  or  smaller  chipping  tool  was  required 
(JO).  These  regulations  have  been  enforced  with  such  success  that 
it  is  not  uncommon  to  find  a  full  season's  chipping  that  produced 
faces  only  13.5,  14,  or  15  inches  in  height  instead  of  the  16  inches 
allowed.  This  practical  work,  done  on  a  crop  basis  of  10,000  trees, 
positively  demonstrated  the  fact  that  with  only  ordinary  labor,  but 
with  the  smaller  tools,  thinner  chips  could  be  cut.  Moreover,  the 
yields  secured  far  surpassed  those  obtained  by  the  surrounding  op- 
erators who  practiced  the  old-fashioned  high  and  deep  chipping 
together  with  the  cutting  of  wide  faces,  and  who  killed  a  large 
number  of  trees.     (Figs.  1  and  2.) 

An  attempt  to  gain  experimental  evidence  on  the  effects  of  still 
further  reducing  the  height  of  the  chip  was  made  by  the  Forest 
Products  Laboratory  in  tests  on  virgin  longleaf  pine  in  Mississippi 
during  1916  and  1917  (4).  The  results  obtained  on  two  roughly 
matched  tree  groups  of  about  5,000  trees  each,  served  to  indicate  the 
relative  effectiveness  of  the  methods  used.  During  the  first  year  the 
low  faces  yielded  about  18  per  cent  less  turpentine  and  rosin  than 
the  customary  high  faces.  During  the  second  year  the  yield  of  tur- 
pentine was  only  about  3  per  cent  less  and  there  was  no  reduction 
in  the  amount  of  rosin  obtained.  Though  the  high  faces  fell  off 
the  second  year  more  than  18  per  cent  in  the  yield  of  turpentine 
and  15  per  cent  in  the  yield  of  rosin,  the  low  faces  maintained  practi- 
cally the  same  productivity  as  during  the  first  year.  The  low  faces 
also  ran  exceptionally  well  at  the  end  of  the  second  season,  even 
after  a  long  dry  period. 

With  the  aid  of  the  microscope  a  detailed  study  was  made  (4)  each 
month  during  the  test  of  specimens  of  wood  taken  from  five  matched 
representative  trees  from  each  of  the  groups.  These  studies,  supple- 
mented bv  an  annual  checking  from  an  examination  of  an  additional 
50  trees  from  each  group  and  of  20  unturpentined  trees  which  grew 
in  the  immediate  vicinity  of  the  turpentined  trees,  showed  that  tree 

'  Italic  numbers  in  parenthesis  refer  to  Literature  Cited,  p.  23, 
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vitality,  responsive  power,  and  total  amount  of  resiniferous  tissue 
(parenchyma),  as  observed  just  above  the  face  at  midstreak,  were 
best  in  the  trees  with  low  faces.  Forty  to  fifty  per  cent  higher  yields 
per  inch  of  face  used  were  obtained  from  low  chipping  during  the 
two  years  of  this  test.  The  apparent  advantages  which  existed  in  the 
low-chipped  trees  and  the  sustained  yield  obtained  from  them  seemed 
to  indicate  that  in  later  years  they  might  surpass  the  early  higher 
yield  of  the  high-chipped  faces,  in  spite  of  the  fact  that  considerable 
inequality  probably  existed  in  the  matching  of  the  groups.  Un- 
fortunately, however,  the  trees  had  to  be  cut  at  the  end  of  the  second 
3^ear,  and  nothing  beyond  the  results  just  presented  is  available  from 
that  source. 


Figure  1. — Eighty  per  cent  of  this  timber  was  unnecessarily  killed  as  a  result  of  poor 
methods  of  turpentining 

The  following  study  was  therefore  undertaken  in  order  to  gain 
additional  information  from  material  on  which  low  chipping  had 
been  practiced  over  a  longer  period  than  had  been  jDossible  in  the 
Mississippi  test. 

DESCRIPTION  OF  THE  TEST 


LOCATION  AND  TYPE  OF  TREES 

The  test,  which  covered  a  period  of  five  years  (1923-1927J,  was 
located  on  the  Choctawhatchee  National  Forest  in  Florida,  about  2 
miles  northeast  of  Camp  Pinchot,  where  the  soil  is  very  sandy,  con- 
tains little  humus,  and  ranks  very  low  as  a  longleaf  pine  site.  The 
trees  used  in  the  test  were  middle-aged  longleaf  pme.  (Fig.  3.) 
The  trees  ranged  from  9  to  14  inches  in  diameter  at  4l^  feet  above 
the  ground,  and  averaged  about  11.5  inches  for  each  group.    They 
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were  selected  and  matched,  tree  by  tree,  for  spacing,  diameter,  ap- 
pearance of  bark,  crown  development,  and  rings  per  inch  in  the 
outer  inch  of  wood.  The  matched  trees  were  arranged  in  three 
groups  of  20  trees  each 


The  excellent  matching  of  the  trees  to 


Figure   2. — Deep   aud   high   chipping   resulted   in   the  dry    facing   and  death   of  the 

timber  illustrated 

some  extent  offset  the  fact  that  the  number  of  trees  used  in  the  test 
was  small. 

THE  GROUPS  OF  TEST  TREES 

GROUP    1.   LOW  CHIPPING 


The  20  trees  of  Group  1  w^ere  the  trees  selected  for  the  lowest  chip- 
ping. They  were  marked  on  the  bark  with  one  spot  of  white  paint. 
The  specification  for  this  group  was  that  the  weekly  chipping  should 
remove  only  one-fourth  inch  of  wood  from  the  upper  edge  of  the 
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wound.    This  should  make  a  face  8  inches  in  height  by  the  end  of  a 
regular  32-streak  season. 


PRESENT   FOREST  SEIRVICB  CHIPPING 


The  20  trees  in  Group  2  were  to  have  one-half  inch  of  wood  re- 
moved each  week.  They  were  marked  with  two  spots  of  white  paint 
on  the  bark  of  each  tree.  The  faces  on  the  trees  in  this  group  were 
not  to  be  raised  more  than  16  inches  in  height  each  season.  The  negro 
chippers,  however,  became  so  proficient  at  low  chipping,  as  a  result 
of  being  required  to  chip  only  one-half  inch  instead  of  higher  as  had 


Figure    3. — Middle-aged    longleaf    pine    on    the    Choctawatchee    National    Forest    in 
Florida  where  the  height-of-chipping  test  was  conducted 

been  the  common  practice,  that  they  often  removed  even  less  wood 
than  was  allowed. 

Group  2,  which  was  chipped  according  to  the  existing  Forest 
Service  method,  was  representative  of  more  than  31,000  trees  in  the 
stand  in  which  it  stood,  and  of  other  crops  adjacent. 

GROUP   3,    ORDINARY   COMMERCIAL  PRACTICE 

A  chip  three-fourths  inch  in  height  was  to  be  removed  each  week 
from  the  20  trees  in  Group  3.  They  bore  the  identifying  mark  of 
three  spots  of  white  paint.  It  was  intended  that  the  faces  on  the  trees 
in  the  group  should  be  24  inches  high  each  year.  It  is  of  interest  to 
note  that  one  of  the  most  frequently  advanced  objections  to  light 
chipping  has  been  the  difficulty  of  getting  laborers  to  do  it.  In  this 
test,  however,  a  chipper  who  was  accustomed  to  light  chipping,  at 
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first  found  it  difficult  to  adjust  himself  to  remove  the  desired  three- 
fourths  inch  high  chip  even  with  a  large,  or  No.  2,  hack.  It  would 
seem  from  this  and  other  instances  that  the  habit  of  light  chipping 
may  probably  be  as  successfully  instilled  into  the  worker  as  that  of 
heavy  chipping. 

METHODS    OF    WORKING 

Oblong  galvanized-iron  cups  and  saw-toothed  aprons  of  the  same 
material  were  used  on  all  trees.  (PL  1.)  Only  one  face  per  tree  was 
permitted.  The  faces  were  started  low  down  on  the  trees,  within  7 
inches  of  the  ground,  and  there  was  a  minimum  of  butt  scarring. 
No.  0  hacks  and  pullers  were  used  for  Groups  1  and  2,  and  No.  2  tools, 
which  are  larger,  were  used  for  Group  3.  The  depth  of  chipping  was 
as  nearly  the  same  as  possible,  and  averaged  one-half  inch  in  depth 
beyond  the  bark.  The  width  of  the  faces  averaged  practically  the 
same  in  all  groups,  being  governed  by  the  diameter  of  the  tree  and  by 
the  depth  of  chipping.  A  straight  cut  from  shoulder  to  peak  (not 
"  wrapped  "  or  "  rainbowed  ")  was  used.  The  variable  under  test  was 
the  height  of  the  chip  removed  each  week. 

Except  for  the  first  two  dippings  the  weight  of  the  dip,  that  is, 
the  more  liquid  oleoresin  which  collects  in  the  cups,  was  not  recorded 
for  the  individual  trees,  nor  were  individual  trees  given  identifying 
numbers.  The  oleoresin  from  each  group  of  20  trees  was  collected 
at  each  dipping  and  w^eighed  separately  (p.  8).  The  scrape,  or 
hardened  gum  adhering  to  the  face  was  also  collected  for  each  group 
and  weighed  at  the  end  of  each  season. 

DATA  OBTAINED  IN  THE  TEST 

From  1923  to  1927,  inclusive,  the  test  was  conducted  according  to 
the  regular  working  schedule  applied  to  the  commercial  operation 
surrounding  it.  The  operating  season  extended  from  February  or 
March  to  November  or  early  December.  The  number  of  streaks  cut 
each  year  was  31  to  33.  No  trees  were  killed  by  the  turpentining. 
All  the  trees  were  chipped  to  the  safe  depth  of  one-half  inch.  The 
Group  3  trees,  all  of  wliich  were  high  chipped,  suffered  slightly  more 
than  the  other  groups  from  the  tendency  to  become  dry  faced.  Only 
one  tree,  however,  became  entirely  unproductive.  Some  tendency 
to  form  resin  blisters  in  the  inner  bark  (phloem),  a  condition  not 
commonly  observed  up  to  that  time  was  noted  in  the  Group  3  trees 
during  the  later  years  of  the  test. 

DIMENSIONS  OF  FACES 

Careful  measurements  of  the  faces  were  made  each  year.  They 
included  the  height,  depth,  and  width  of  face  obtained  in  the  three 
groups.  The  measurements  obtained  on  the  height  of  the  faces  are 
summarized  in  Table  1  and  are  strikingly  apparent  in  Plate  1.  The 
depth  of  chipping  was  very  uniform.  There  was  a  slight  tendency 
on  the  part  of  the  chipper  to  cut  a  somewhat  shallower  streak  in  the 
Group  1  trees  with  the  low  faces ;  which  probably  reduced  the  yield 
by  a  small  amount.  The  Group  1  faces,  however,  averaged  about 
one-half  inch  wider  during  parts  of  the  test  than  the  faces  on  the 
trees  in  Groups  2  and  3.     This  may  have  given  the  Group  1  trees  a 
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small  advantage,  thus  helping  partially  to  offset  the  reduction  which 
may  have  resulted  from  slightly  lessening  the  depth  of  chipping. 
The  faces  on  the  Group  3  trees  were  notably  widened  during  the 
latter  part  of  1927,  the  last  year  of  the  work  when  the  faces  were  over 
9  feet  above  the  ground. 

Table  1. — Summary  of  measurements  of  height  of  faces,^  in  the  height -of -chip- 
ping test,  ChoctawJiatchee  ^National  Forest,  1923  to  1927 


Streaks 
each 
year 

Group  1,  M-inch  chip- 
ping 

Group  2,  J^-inch  chip- 
ping 

Group  3,  ^-inch  chip- 
ping 

Date 

Total 
(cumu- 
lative) 

Rate 
per 

year 

Aver- 
age 
per 

streak 

Total 
(cum- 
ula- 
tive) 

Rate 
per 
year 

Aver- 
age 
per 

streak 

Total 
(cum- 
ula- 
tive) 

Rate 
per 
year 

Aver- 
age 
per 

streak 

Nov.  24,  1923 

Number 
32 
32 
32 
31 
^1 

Inches 
9.00 
17.75 
27.50 
36.25 
44.75 

Inches 
9.00 
8.75 
9.75 
8.75 
8.50 

Inch 
0.28 
.27 
.30 
.28 
.27 

Inches 
14.  50 
29.00 
43.50 
56.00 
69.25 

Inches 
14.50 
14.50 
14.50 
12.50 
13.25 

Inch 
0.45 
.45 
.45 
.40 
.43 

Inches 
23.00 
47.00 
70.00 
91.50 
114.  25 

Inches 
23.00 
24.00 
23.00 
21.50 
22.75 

Inch 
0.72 
.75 
.72 
.69 
.73 

Nov.  17,  1924 

Nov.  11,  1925 

Dec.  28,  1926 

Nov.  10,  1927 

Average  height . . 

8.95 

.28 

13.85 

.44 

22.85 

.72 

Specified  height 

40.00 

8.00 

.25 

80.00 

16.00 

.50 

120.  00 

24.00 

.75 

1  The  figures  given  represent  the  height  of  faces  resulting  from  the  weekly  rate  of  chipping  practiced  in  the 
test.  They  have  been  corrected  for  1  slight  error  in  chipping  made  during  the  first  month  of  the  test,  which 
made  the  low  faces  about  1.5  inches  too  high  and  the  high  faces  about  1.5  inches  too  low.  The  height  of  the 
extra  streaks  cut  to  obtain  specimens  for  microscopical  study  at  the  end  of  the  season,  after  chipping  had 
stopped,  has  also  been  subtracted. 

LOWEST  CmPPING  OBTAINED 

As  far  as  is  known  the  chipping  of  the  Group  1  trees  is  the  lowest 
recorded  chipping  thus  far  obtained  with  a  hack.  (Table  1.)  The 
chipping  during  the  first,  or  virgin,  year  was  at  the  average  rate 
of  about  0.28  inch  per  streak.  That  is,  faces  about  9  inches  high 
with  32  streaks  were  obtained.  Moreover  the  faces  were  begun 
within  7  inches  of  the  ground.  The  total  height  of  the  faces  chipped 
the  second  year  was  still  less,  the  rate  being  about  0.27  inch  per 
streak.  The  average  rate  was  0.28  inch  per  streak  and  this  was  easily 
maintained  during  the  fourth  and  fifth  years,  when  a  puller  was 
used  in  place  of  the  hack. 

TOTAL  PRODUCTION 

The  variations  that  were  obtained  when  the  yields  from  each 
tree  in  the  test  were  weighed  separately  at  two  different  dippings 
at  the  beginning  of  the  test  indicated  a  fairly  satisfactory  matching 
of  the  groups.  The  weights  of  oleoresin  obtained  from  the  three 
groups  of  test  trees  are  given  in  Table  2.  The  number  of  streaks 
cut  varied  a  little  from  year  to  year.  Also,  in  the  weighing  of  the 
gum,  accidents  happened  twice,  so  that  the  weights  were  incomplete 
in  the  case  of  the  first  dipping  in  1923  and  again  in  1924.  The 
yields  were  therefore  reduced  to  a  basis  of  the  yield  from  the  last 
26  streaks  cut  each'  season  in  order  to  have  comparable  data  for 
each  year.  These  data  are  presented  in  Table  3  and  are  also  given 
for  ready  comparison  in  Figures  4  and  5. 
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Plate  1 


External  Appearance  of  Trees  from  the  Three  Test  Groups 

A,  After  one  year;  B,  three  years;  and  C,  five  years  of  turpentining.  The  low  faces  in  Group  1, 
which  are  marked  with  one  spot  of  paint,  were  chipped  about  one-fourth  inch  high  each  week. 
The  total  height  of  the  face  after  five  years'  work  was  45  inches.  The  current  Forest  Service  faces 
in  Group  2,  which  are  marked  with  two  spots  of  paint,  were  chipped  about  one-half  inch  high 
each  week.  The  total  height  of  face  after  five  years'  work  was  70  inches.  The  ordinary  com- 
mercial type  of  faces  in  Group  3,  which  are  marked  with  three  spots  of  paint,  were  chipped  about 
three-fourths  inch  high  each  week.    The  total  height  of  face  after  five  years'  work  was  114  inches. 
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Plate  2 
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Table  2. — Original  yields  of  oleoresin  in  the  height-of -chipping  test,  Choctaic- 
hatchee  National  Forest,  1923  to  1927 


Streaks 

Collec- 
tions 

Product 

Group  1,  M-inch 
chipping 

Group  2,  3^-inch 
chipping 

Group  3,  ^-inch 
chipping 

Year 

Yield  of 
20  trees 

Average 

yield  per 

streak 

per  tree 

Yield  of 
20  trees 

Average 

yield  per 

streak 

per  tree 

Yield  of 
20  trees 

Average 

yield  per 

streak 

per  tree 

1923 

1923 

Number 
33 
33 

2  26 
32 

32 
32 

31 
31 

31 
31 

Number 

8 

1 

6 

1 

6 

1 

5 

1 

4 

1 

Dip 

Scrape 

Total 

Dip      

Pounds 
194.00 
43.00 

Ounces 
4.70 
l.Oi 

Pounds 
172.50 
42.00 

Ounces 
4.18 
1.02 

Pounds 

1  151.00 

51.00 

Ounces 
14.47 
1.24 

237.00 

5.74 

214.50 

5.20 

202.00 

5.71 

1924 

98.89 
68.00 

3.04 
1.70 

94.00 
63.00 

2.89 
1..58 

89.00 
79.00 

2.74 

1924 

Scrape 

Total 

Dip 

1.98 

166.89 

4.74 

157.00 

4.47 

168.00 

4.72 

1925 

158.95 
50.00 

3.97 
1.25 

157.50 
51.00 

3.94 
1.28 

134.00 
56.00 

3.35 

1925 

Scrape 

Total 

Dip 

1.40 

208.95 

5.22 

208.50 

5.22 

190.00 

4.75 

1926 

121.31 

58.95 

3.13 
1.52 

107.00 
68.00 

2.76 
1.75 

112.00 
75.00 

2.89 

1926 

Scrape 

Total 

Dip 

1.94 

180.26 

4.65 

175.00 

4.51 

187.00 

4.83 

1927 

82.11 
44.21 

2.12 
1.14 

77.00 
50.00 

1.99 
1.29 

69.00 
42.00 

1.78 

1927 

Scrape. 

Total 

1.08 

126.32 

3.26 

127.00 

3.28 

111.00 

2.86 

1  The  dip  from  the  first  6  streaks  on  the  Group  3  trees  was  not  weighed. 

2  The  dip  from  the  first  6  streaks  on  all  trees— a  small  amount  that  year— was  not  weighed. 

YIELDS   FROM  DIFFERENT  HEIGHTS  OF  CHIPPING 

Throuofhout  the  test  the  Group  1  trees  gave  good  yields  as  is  shown 
in  Tables  2  and  3.  When  the  annual  yields  from  the  five  years  are 
combined  on  a  percentage  basis  (Table  3),  Group  1  is  shown  to  have 
given  slightly  more  than  either  the  Forest  Service  chipping  of  Group 
2,  or  the  ordinary  high  clipping  of  Group  3.  In  most  cases  a  large 
scrape  yield  (fig.  5)  was  obtained  from  the  higher  faces,  but  this 
was  not  sufficient  in  amount  to  make  the  total  products  over  the 
5-year  test  period  exceed  those  obtained  from  the  low  faces  where 
the  total  dip  yield,  rich  in  turpentine,  usually  exceeded  that  from  the 
high  clipping.  The  gum  had  to  travel  a  decidedly  greater  distance 
on  the  high  faces  than  on  the  low  faces  before  reaching  the  cup  and 
had  a  larger  area  on  which  to  collect  as  scrape  and  lose  value  through 
the  evaporation  of  the  volatile  turpentine. 
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The  yields  of  oleoresin  from  the  Group  1  trees,  all  of  which  were 
low  chipped,  were  probably  slightly  reduced  below  normal  by  a 
number  of  minor  accidents,  most  of  which  were  not  due  in  any  way  to 
the  process  of  turpentining.  For  example,  one  of  the  original  20 
trees  in  Group  1  was  killed  by  lightning  in  August,  1924.  Another 
tree,  one  of  a  few  extra  unmarked  trees  that  had  been  chipped  with 
low  faces  like  the  Group  1  trees,  was  substituted  for  it.  Also  in  the 
same  storm  a  second  tree  was  struck  by  lightning.  It  was  expected 
that  this  tree  too  would  die,  but  it  recovered  later  in  the  season. 
Normal  yields,  however,  were  not  obtained  from  it  during  this  period. 
In  1925  another  tree  of  Group  1  was  struck  by  lightning.  It  also 
recovered,  but  two  dippings  were  entirely  lost,  for  there  was  no  cup 
on  the  tree  during  this  period  (about  10  weeks).  The  yields  in 
Tables  2  and  3  are  computed  for  these  trees  from  the  average  ob- 
tained from  the  other  trees.  The  1925  lightning  injury  came  at  a 
very  dry  period  during  which  all  trees  suffered  in  vigor  and  the 
death  of  much  round  timber  occurred  in  the  stand.  Undoubtedly 
these  dry  conditions  tended  further  to  reduce  the  yields  of  enfeebled 
trees  such  as  this  one.  In  1926  still  another  Group  1  tree,  an  excel- 
lent one,  was  eliminated  from  the  test  because  it  had  to  be  cut  in 
order  to  clear  a  right  of  way.  From  that  date,  calculated  yields, 
based  on  the  average  production  of  the  other  trees,  were  regularly 
used  in  the  place  of  those  from  the  missing  tree  and  appear  in  Table 
2.  In  view  of  the  accidents  mentioned,  therefore,  it  does  not  seem 
that  any  natural  advantages  were  responsible  for  the  excellent  pro- 
duction of  the  low-chipped  trees  (Group  1).  No  accidents  befell 
the  trees  in  Groups  2  and  3. 

HIGHER  YIELDS  SECURED  THROUGH  RAISING  CUPS 

In  Figures  4  and  5  and  Table  3  the  higher  yields  of  dip  shown  for 
the  years  1923  and  1925  are  largely  due  to  the  fact  that  the  cups  were 
closest  to  the  current  chipping  during  those  years.  In  1923,  the  first 
year  of  the  test,  all  faces  were  relatively  low,  so  that  the  gum  easily 
reached  the  cups.  In  1925  the  cups  were  raised  so  that  the  gum 
again  had  a  comparatively  short  distance  to  travel  to  reach  the  cups, 
and  consequently  there  was  less  waste  of  turpentine  during  both 
these  years.  A  relative  increase  in  the  amount  of  scrape,  which  is 
the  less  desirable  product,  because  it  usually  gives  a  lower  grade  of 
rosin,  is  apparent  especially  in  1924  and  1926  when  the  cups  were 
not  raised.  The  high  chipping  fosters  scrape  production.  With  low 
chipping  the  cups  do  not  need  to  be  raised  so  often  to  secure  results 
comparable  with  those  obtained  at  present  with  high  chipping. 
On  the  other  hand,  raising  cups  each  year  will  give  still  higher 
yields  (^). 

VALUE  OF  PRODUCTS 

The  returns  that  might  have  been  obtained  at  the  1923  to  1927 
market  prices  from  the  turpentine  and  rosin  yields  obtained  with 
the  three  heights  of  chipping  have  been  calculated  in  Table  4,  after 
converting  the  actual  yields  obtained  to  a  crop  basis  of  10,000  cups. 
The  values  for  comparative  purposes  are  conservatively  estimated 
on  the  basis  of  a  26-streak  season  instead  of  the  usual  32  or  more 
streaks  (p.  8),  which  constitute  a  full  season's  work.     The  addition 
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of  about  one-fourth — that  is,  the  yield  of  six  streaks  to  the  reported 
yield — would  show  a  very  fair  return  considering  the  class  of  timber 
worked  and  the  weather  conditions  existing  during  the  test  years. 

Table  4. — Summary  of  yields  and  value  of  products  based  on  26-streak  seasons 
for  3  groups  of  20  trees  each  in  the  height-of-cMpping  test,  Choctaichatchee 
National  Forest,  1923  to  1927 


LOW  CHIPPING,  GROUP  1  (Vi  INCH) 


Year 

Estimated 
turpentine 
per  crop  i 

Estimated 

rosin  per 

crop  1 

Calculated 
value  2  of 
turpentine 
and  rosin 
per  crop 

1923                               

Barrels 
53.0 
37.7 
45.0 
37.0 
26.2 

Barrels 
168.2 
137.2 
149.6 
131.8 
94.4 

Dollars 
4  561  58 

1924  3 

3,  509.  37 

1925                        

3,977  51 

1926  3                                                        

3,  399.  73 
2,  422.  62 

1927  3 _ 

Total  --. — 

198.9 

681.2 

17, 870.  81 

MEDIUM  CHIPPING,  GROUP  2  (1/2  INCH) 


1923                                                                    

49.0 
35.7 
45.4 
34.9 
25.6 

156.8 
129.0 
151.4 
130.0 
95.5 

4,240  50 

1924  3... 

3,  306.  68 

1925                           ...  

4,  022.  13 

1926  3 

3,  291.  42 

1927  3 

2,  417.  56 

Total 

190.6 

662.7 

17,  278.  29 

HIGH  CHIPPING,  GROUP  3  (V4  INCH) 

. 

1923- 

48.6 
36.2 
41.7 
37.2 
22.4 

159.6 
137.8 
143.0 
140.  1 

82.7 

4,  268.  26 

1924  3 

3,  459.  86 

1925                             .     ... .  

3,  751.  30 

1926  3 

3,  534.  70 

1927  3          

2, 101.  05 

Total      

186.1 

663.2 

17,  115. 17 

^A  crop  is  made  up  of  10.000  cups.  Yields  of  dip  computed  as  composed  of  21.2  per 
cent  turpentine,  9.1  per  cent  waste,  and  69.7  per  cent  of  rosin.  Yields  for  scrape  com- 
puted as  composed  of  11.2  per  cent  turpentine,  5.1  per  cent  waste,  and  83.7  per  cent 
rosin.  The  weight  of  turpentine  is  taken  as  7.2027  pounds  for  a  gallon.  A  barrel  of 
turpentine  contains  50  gallons.  In  the  computations  a  round  barrel  of  rosin  was  considered 
to  weigh  420  pounds,  net. 

2  The  average  prices,  during  1923  to  1927,  the  years  of  the  test,  are  taken  as  77  cents 
a  gallon  for  turpentine  and  $15  a  round  barrel  for  rosin.  Considerably  lower  prices  now 
prevail. 

3  The  lower  yields  in  1924,  1926,  and  1927  are  partly  because  the  cups  were  not  raised. 

The  advantage  of  obtaining  the  major  part  of  the  yields  in  the 
form  of  dip  instead  of  scrape  is  shown  when  the  yields  in  barrels  of 
turpentine  from  the  three  groups  are  compared  in  Table  4.  Finally, 
even  when  figured  on  the  conservative  26-streak  season,  it  appears 
from  the  calculations  presented  in  Table  4  that  the  value  of  the  prod- 
ucts from  the  low  chipping  (Group  1)  under  the  conditions  existing 
at  the  time  was  about  $17,900  compared  with  $17,300  from  the  cur- 
rent Forest  Service  work  (Group  2)  and  $17,100  from  the  highest 
faces  (Group  3).  This  presents  a  margin  worthy  of  consideration, 
but  of  far  greater  importance  is  the  fact  that  the  work  on  the  Group 
1  faces  could  be  continued  for  another  5-year  period,  whereas  the 
Group  3  faces  were  exhausted  because  they  were  out  of  reach. 
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MICROSCOPIC  STRUCTURE  AND  PHYSIOLOGICAL  RESPONSES 
AFFECTED  BY  HEIGHT  OF  CHIPPING 

SELECTION  OF  THE  TREES 

The  trees  that  were  used  in  the  study  of  the  effect  of  different 
heights  of  chipping  were  matched  tree  by  tree  in  pairs  not  only  by 
external  appearance  but  also  on  the  basis  of  the  character  of  the  an- 
nual rings  in  the  outer  sapwood  as  observed  under  a  lens  on  incre- 
ment borings  made  at  the  time  of  the  selection. 

SPECIMENS  USED  FOR  STUDY 

At  the  beginning  of  the  test  (November,  1922)  increment  borings 
and  small  chips  were  used  to  determine  the  condition  of  the  trees  be- 
fore chipping  began.  Later  hack  and  puller  chips,  which  w^ere  col- 
lected as  a  rule  immediately  after  they  had  been  cut,  although  some- 
what shattered  and  split,  were  used.  The  chips  were  always  taken 
from  a  point  midway  between  the  peak  and  the  shoulder  of  the 
streak,  for  this  had  been  found  in  previous  investigations  (4)  to 
serve  well  as  an  indicator  of  the  tree's  response  to  w^ounding.  Con- 
clusions based  on  the  structures  observed  in  this  area  are  conservative, 
for  the  area  represents  a  mean  between  the  more  vigorous  growth  at 
the  shoulder  (at  the  side  of  the  face)  and  the  less  vigorous  growth 
characteristic  of  the  peak  region  (over  the  middle  of  the  face).  The 
newly  formed  annual  rings  above  the  streak  tend  to  be  somewhat 
narrower  and  have  less  summer  wood  than  elsewhere  on  the  circum- 
ference of  the  tree. 

The  specimens  were  sectioned  without  treatment  except  for  soak- 
ing in  water.  Cross  sections  10  to  30  micromillimeters  in  thickness 
were  most  frequently  the  material  studied.  The  sections  were  pre- 
pared with  the  aid  of  a  Jung-Thomson  wood-cutting  microtome. 
At  the  end  of  the  test  some  blocks  were  cut  from  the  trees  with  ham- 
mer and  chisel.  These  blocks  offered  the  best  material  for  study  since 
they  had  the  proper  dimensions  and  were  in  unshattered  condition. 

STANDARDS    FOR   ESTIMATING    TREE    RESPONSES    AND    VITALITY 

Structural  and  physiological  features,  particularly  the  width  of 
annual  rings,  amount  of  summer  wood,  amount  and  character  of 
resiniferous  tissue  and  its  location  were  the  chief  characteristics  used 
for  comparing  the  results  obtained  from  the  different  heights  of 
chipping.  Additional  observations  were  made  at  the  beginning  of 
the  test  of  the  spring-wood  and  summer-wood  formation,  the  thick- 
ness of  the  walls  of  the  summer  wood  (J),  and  the  activities  of  the 
phloem,  or  inner  bark.  It  is  believed  that  the  activities  of  the 
phloem  have  an  important  relation  to  the  wound  responses  resulting 
from  turpentining.  Exceedingly  abnormal  conditions  in  the  phloem 
have  been  found  associated  with  many  cases  of  dry  facing. 

RESULTS    OF    MICROSCOPICAL    STUDY 

By  midseason  (July  26,  1923)  the  trees  with  the  low  faces  (Group 
1)  had  the  largest  number  of  cells  for  that  year,  the  Group  3  trees 
having  the  smallest.      (Table  5.)      The  specific  observations  were 
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made  for  the  1923  growth  ring  midway  along  the  streak  in  the  region 
above  the  face.  In  more  than  half  of  the  Group  1  trees,  as  many 
wood  cells  were  present  on  July  26,  1923,  as  existed  in  the  entire 
ring  of  the  preceding  year,  when  the  trees  were  unturpentined ; 
whereas  this  was  true  of  only  about  one-third  of  the  Group  3  trees. 
In  the  Group  1  trees  there  were  also  nearly  three  times  as  many 
summer-wood  cells,  on  the  average,  and  about  twice  as  many  resin 
passages  as  in  the  Group  3  trees.  Beginning  about  July  26,  the  yield 
of  oleoresin  from  the  Group  1  trees  also  showed  a  notable  rise  as 
compared  with  the  high  chipping.  (Fig.  4.)  The  difference  in  the 
amount  of  summer  wood  and  the  time  at  which  it  began  to  form 
(Table  5)  appeared  to  be  closely  correlated  with  the  different  types 
of  chipping  (S) . 

Table  5, — Measurements  on  the  structure  of  the  wood  formed  in  longleaf  pine 
[Specimens  i  from  the  test  of  the  effect  of  the  height  of  chipping,  Choctawhatchee  National  Forest,  1923] 


Observations  in  which 

Cells  in  the  1923 
growth  ring 

Resin  passages 
in  unit  area » 

width  of  1923  ring  was 
found   equal   to,   less 
than,  or  greater  than 

Height  of  chip,  group,  and  date 

width  of  1922  ring 

of  removal 

Average 

Spring- 
wood 
cells 

Sum- 
mer- 
wood 

Total 
cells 

1923 

for  3 
years 
before 

Equal 

Less 

Greater 

cells 

turpen- 

tining 

Chips  taken  July  26,  1923: 

Number 

Number 

Number 

Number 

Number 

Per  cent 

Per  cent 

Per  cent 

Group  1  (M-inch  chipping) 

7.8 

18.3 

26.1 

12.0 

1.1 

31.8 

31.8 

36.4 

Group  2  (i^-inch  chipping) 

11.0 

12.9 

23.9 

9.0 

1.1 

5.0 

40.0 

55.0 

Group  3  (^-inch  chipping) 

7.8 

6.4 

14.2 

6.5 

1.1 

25.0 

62.5 

12.5 

Chips  taken  Nov.  24,  1923: 

Group  1  Q4-mch.  chipping) 

3  12.6 

19.2 

31.8 

11.4 

1.1 

2.7 

32.4 

64.9 

Group  3  (3^-inch  chipping) 

8.3 

14.0 

22.3 

7.3 

1.2 

11.6 

46.5 

41.9 

1  Specimens  taken  from  midway  of  the  current  streak  at  the  top  of  the  face. 

2  The  "unit  area"  in  this  case  was  the  full  length  of  a  microscopic  field,  about  4  millimeters  (0.16  inch) 
in  diameter  measured  along  the  middle  of  the  annual  ring,  and  the  full  width  of  the  given  annual  ring. 

3  The  greater  number  of  spring-wood  cells  in  November  as  compared  with  July  is  partly  due  to  the  fact 
that  the  November  chips  were  cut  higher  up  in  the  tree  where  the  wound  effect  is  relatively  reduced. 

CONDITIONS  AT  THE  END  OF  THE  FIRST  YEAR 


By  November  24,  1923,  the  differences  in  the  amount  of  w^ood  tis- 
sue were  not  so  marked  between  the  Group  1  and  Group  3  trees  as 
they  had  been  at  midseason.  However,  in  the  completed  1923  ring  of 
wood,  the  average  width  of  the  ring,  the  amount  of  summer  wood, 
and  the  number  of  resin  passages  were  still  distinctly  greatest  in 
the  Group  1  trees.  Group  2  came  next  in  order,  and  Group  3  showed 
the  poorest  development  during  this  first  year  of  turpentining  (5). 
The  development  of  the  1923  annual  ring  in  Groups  1  and  3,  as  w^ell 
as  the  approximately  50  per  cent  more  resin  passages  in  the  low 
faced  tree  specimens  constituting  Group  1,  are  shown  in  Plate  2.  By 
the  end  of  the  first  year  there  was  also  a  marked  tendency  in  the 
high-chipped  trees  for  many  of  the  resin  passages  to  be  lacking  in 
the  early  spring  wood  of  the  1923  annual  ring.  Apparently  some  of 
the  resin  passages  that  formed  in  the  early  spring  wood  as  a  result 
of  wounding  were  comparatively  short.    In  high  chipping  the  short 
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PLATE   3 


M1575;F 

There  is  a  Decrease  in  the  Number  of  Resin  Passages  with 
Increase  in  Distance  above  the  Face.  (Young  Longleaf  Pine 
from  Georgia) 

A,  Disk  cut  at  the  top  of  the  face,  considerably  reduced  in  size;  B,  block  cut  3  inches  above  and 
to  the  left  of  the  peak  and  extending  toward  the  shoulder  or  side  of  the  face.  The  resin  pas- 
sages present  appear  as  conspicuous  black  dots  and  are  very  numerous  in  wood  formed  after 
turpentining  began,  a;  C,  block  cut  1  foot  above  B.  Only  about  one-half  as  many  resin  passages 
were  present  at  this  height  in  a  given  portion  of  the  rings  of  the  area  a  as  were  found  in  the  B 
block;  D,  block  cut  V/z  feet  above  B.  Only  about  one-third  as  many  resin  passages  were  present 
as  in  B  in  the  rings  in  a  similar  portion  of  a.  About  one-fourth  as  many  resin  passages  were 
found  in  a  similar  portion  of  the  normal  wood  as  in  the  rings  of  the  area  selected  in  block  B. 
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PLATE  4 


■  IT 


A,  B,  and  C,  Longitudinal  sections  removed  from  a  longleaf  pine;  a  shows  the  large  vertical,  and 
6  the  small  horizontal  resin  passages  at  and  above  the  streak.  The  curved  surface  at  the  bottom 
of  the  radial  sections  A  and  C  is  the  actual  streak  surface  (in  profile)  as  cut  by  the  puller.  The 
phloem,  or  inner  bark,  with  its  darkly  stained  stored  reserves  is  shown  at  c.  B  is  a  tangential 
section  cut  just  under  the  bark  and  approximately  parallel  with  the  outer  surface  of  the  tree 
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PLATE   5 
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Plate  6 
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resin  passages  were  entirely  chipped  away,  whereas  in  low  chipping 
many  remained  to  function  for  more  than  one  year. 

DISTRIBUTION   OF  RESIN  PASSAGES   IN  RELATION  TO   HEIGHT  ABOVE   THE   FACE 

A  further  illustration  of  the  distribution  of  resin  passages  in  a 
young  longleaf  pine  is  presented  in  Plate  3.  The  decrease  in  the 
number  of  resin  passages  in  relation  to  the  increase  in  distance  above 
the  face  is  apparent  from  the  three  blocks  cut  at  varying  distances 
above  the  face.  Many  of  the  resin  passages  in  the  spring  wood  and 
in  the  summer  wood  near  the  butt  of  the  tree  are  formed  at  the  same 
time  as  those  in  the  corresponding  positions  higher  up;  but  more 
and  shorter  ones  are  also  formed  in  the  immediate  vicinity  of  the 
face.  Some  of  the  resin  passages  formed,  say  in  midseason,  together 
with  those  intimately  connected  with  them,  may  extend  for  a  dis- 
tance of  more  than  20  or  30  feet,  but  others  are  short.  The  short 
resin  passages  may  be  entirely  cut  away  and  wasted  by  one  season's 
heavy  chipping.  Plate  3  illustrates  in  block  B  the  general  increase 
in  number  of  resin  passages  formed  after  turpentining  has  begun. 
The  resin  passages  appear  as  black  dots.  They  are  particularly 
abundant  in  the  three  annual  growth  rings  next  the  bark,  a  condi- 
tion which  is  very  apparent  if  these  rings  are  compared  with  the 
inner  rings  which  were  formed  before  the  tree  was  turpentined. 
(PI.  3,  B,  <2,  compared  with  the  other  rings  in  B.) 

When  block  B,  cut  3  inches  above  and  to-  the  left  of  the  peak,  is 
compared  with  block  C,  cut  12  inches  above  it,  and  with  block  D, 
cut  18  inches  above  B,  the  decrease  in  the  number  of  these  resin 
passages  corresponding  to  the  increase  in  height  above  the  chipping 
is  also  apparent.  In  definite  numbers  counted  on  the  surface  of  1 
inch  of  wood  measured  along  the  circumference  of  the  tree  about 
midstreak,  108  vertical  resin  passages  were  counted  in  the  growth 
ring  just  completed  next  the  bark  in  block  B.  (PL  3,  B,  a.)  In 
block  C,  which  was  taken  1  foot  higher  in  this  same  tree,  only  54 
resin  passages  were  present  in  a  similar  area  of  the  same  annual 
ring  directly  above  that  measured  in  the  B  block.  One  and  one- 
half  feet  above  the  B  block  and  on  a  similar  area  only  about  33 
resin  passages  were  present  in  the  ring.  The  average  number  of 
resin  passages  per  ring  in  similar  areas  from  five  rings  formed 
before  turpentining  began  was  about  25.  The  number  of  resin 
passages  prior  to  turpentining  was  practically  the  same  at  all  three 
heights.  Both  the  resin  passages  present  in  the  outer  rings  of 
the  round  timber  and  those  produced  in  the  rings  formed  during 
turpentining  contribute  to  the  yield  of  oleoresin.  The  location  and 
number  of  resin  passages  as  related  to  height  of  chipping  is  shown 
for  the  test  trees  in  Plates  2,  5,  and  6.  The  greater  number  present 
in  the  trees  with  low  faces  is  obvious. 

The  appearance  of  the  resin  passages  as  seen  along  the  gi^ain 
extending  vertically  in  the  tree  is  shown  in  Plate  4,  A,  B,  and  C 
at  «!.  A  is  a  view  of  a  split  or  radial  surface  extending  from  the 
bark  inward  across  the  streak.  The  curved  surface  of  the  streak 
cut  by  the  puller,  which  evidently  was  sharp  and  made  a  clean, 
smooth  cut,  is  seen  in  profile  at  the  bottom  of  the  picture.  The 
lines  of  resin-yielding  tissue,  or  resin  passages,  are  also  shown  cut 
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across  at  «i  as  they  are  at  each  chipping.  It  is  apparent  that  these 
are  not  perfectly  straight  vertically,  since  they  do  not  appear  to 
be  entirely  continuous  but  bend  slightly  and  sometimes  fuse  to- 
gether. (PL  4,  B,  a.)  That  the  resin  passages  are  in  contact  with 
the  horizontal  lines  of  cells,  the  rays,  is  apparent  in  Plate  4,  A, 
following  from  h  to  the  bark  at  the  left  and  in  C  at  ?>.  Many  of 
these  rays  contain  small  resin  passages,  as  is  shown  in  Plate  4  in 
B,  &,  and  in  C,  h,  Plate  4,  B,  represents  a  slice  of  wood  cut  just 
under  the  bark  and  approximately  parallel  with  the  outer  surface  of 
the  tree — that  is,  at  right  angles  to  the  sections  shown  in  A  and  C 
in  Plate  4.  The  large  vertical  resin  passages  are  shown  at  a^  and 
may  be  contrasted  with  the  small  horizontal  resin  passages  in  the 
rays  shown  at  h, 

COMPARISON   OF   THE   RESULTS    OBTAINED   IN   THE   LATER   YEARS   OF   THE    TEST 
WITH   THOSE   OBTAINED  THE   FIRST  YEAR 

•  Specimens  were  collected  and  studied  microscopically  each  year. 
Typical  groups  of  sections  are  presented  for  comparison  in  Plates  2, 
5,  and  6.  Plate  5  shows  the  condition  existing  in  the  Group  1,  the 
low,  i/4-inch  chipping,  and  in  the  Group  3,  the  high,  %-inch  chip- 
ping, after  three  years  of  turpentining.  The  superior  development 
of  wood,  wider  ringed  with  denser  summer  wood,  as  well  as  the 
more  abundant  resiniferous  tissue  in  the  Group  1  specimens  is  ap- 
parent in  the  respective  bracketed  areas.  In  Plates  2,  5,  and  6  the 
sections  are  arranged  with  the  widest  ringed  specimens  at  the  left 
and  the  narrowest  at  the  right  to  show  the  range  of  variation  among 
the  trees  in  the  contrasted  groups.  The  beginning  of  the  1923  ring 
in  each  specimen  is  used  as  the  horizontal  base  line,  that  year's 
growth  during  turpentining  being  shown  in  varying  widths  above  it. 
The  external  appearance  of  the  trees  is  shown  in  Plate  1. 

Again  at  the  end  of  the  1927  season  comprehensive  comparisons 
were  made  of  the  specimens  from  the  three  groups.  Illustrations 
of  the  microscopic  structure  of  typical  specimens  from  Group  1,  the 
low  chipping,  and  Group  3,  the  high  faces,  have  been  assembled  in 
Plate  6  and  give  cumulative  evidence  as  found  at  midstreak  at  the 
top  of  the  face  on  the  relative  effects  of  low  and  high  chipping  for 
the  entire  5-year  period.  The  Group  2  material,  the  i/^-inch  chip- 
ping, was,  in  general  characteristics,  intermediate  between  the 
Groups  1  and  3. 

After  five  years  of  turpentining  the  trees  making  up  Group  1  on 
which  low  chipping  was  used  appeared  to  be  in  excellent  condition. 
They  had  healthy  appearing  tops  and  showed  notably  good  wood 
formation.  (PL  6.)  Repeatedly  it  has  been  found  that  in  the  new 
growth  directly  above  the  face  (not  markedly  in  the  other  parts  of 
the  tree's  circumference)  resiniferous  tissue  is  produced  at  the  ex- 
pense of  summer  wood.  This  is  especially  true  in  less  conservative 
commercial  work  and  particularly  in  young,  fast-growing  trees. 
Therefore,  the  fact  that  the  low-faced  trees,  all  things  considered, 
produced  not  only  at  the  beginning  of  the  test  but  also  in  later  years, 
the  best  summer  wood,  appears  to  be  highly  significant.  Indeed  in 
some  of  the  Group  1  trees  there  was  by  the  fiftli  year  practically  ho 
reduction  below  normal  apparent  in  the  amount  of  wood  formed, 
even  in  the  area  directly  above  the  face.  The  trees  had  apparently 
successfully  adjusted  themselves  to  the  exploitation  for  oleoresin. 
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SIGNIFICANCE  OF  RESULTS 

LOW   CHIPPING   GENERALLY   PRACTICABLE    AND   ADVANTAGEOUS 

The  conclusions  to  be  drawn  on  the  basis  of  the  results  secured  in 
the  5-year  height-of-chipping  test  here  described  are  definitely  in 
favor  of  the  practice  of  lower  chipping  than  is  now  commonly  used 
in  the  exploitation  of  southern  pines  for  their  oleoresin. 

The  results  of  this  test  have  also  been  sufficiently  confirmed  by 
other  Government  tests  *  (7,  11^  12^  13^  IJf^  16^  17)  and  in  several  in- 
stances in  commercial  practice,  so  that  the  method  of  reducing  the 
height  of  the  chip,  periodically  cut,  below  one-half  inch  should  now 
be  considered  in  the  plans  of  every  operator  as  a  means  of  eliminat- 
ing waste  and  conserving  tree  energy  and  producing  power. 

Indeed  this  improvement  has  been  deemed  so  significant  that  the 
administrators  of  the  national  forests  in  Florida  are  making  plans 
to  incorporate  the  requirement  for  low  chipping  (less  than  one-half 
inch  high )  in  leases  for  commercial  turpentining  where  Government- 
owned  timber  is  worked.  Several  .private  operators  wdth  large  hold- 
ings are  also  modifying  their  practice  with  this  objective.  The 
reduction  in  scar  thus  made  possible,  or,  if  preferred,  the  increased 
length  of  operation  combined  with  sustained  tree  health  and  growth, 
are  factors  of  basic  importance  where  carefully  thought  out  forest- 
management  plans  are  in  operation. 

It  seems  obvious,  therefore,  that  faces  about  10  inches  in  height  per 
year  could  undoubtedly  be  obtained  under  ordinary  conditions,  and 
that  12  inches  should  be  a  maximum  height  during  hack  chipping  in 
operations  w^here  conservation  of  the  timber  is  a  consideration.  The 
only  additional  effort  in  obtaining  a  nearly  double  operating  period 
or  else  half  as  much  scar  for  each  face  is  a  little  more  rigid  super- 
vision conscientiously  practiced  until  the  chippers  thoroughly  under- 
stand the  type  of  work  that  is  expected  of  them.  It  has  been  dem- 
onstrated that  they  can  and  will  do  this  work  when  it  is  definitely 
required. 

Under  the  present  system  of  facing,  low  chipping  will  permit  the 
maximum  width  of  face  to  be  maintained  longer  than  is  possible 
with  the  other  methods.  The  face  frequently  must  be  narrowed  as 
it  increases  in  height  because  of  the  taper  of  the  tree  trunk  above 
the  butt  region.  '  The  period  of  hack  chipping  with  the  face  at  a 
convenient  height  is  also  prolonged  by  using  a  i/4-inch  high  streak. 
In  this  way  the  time  when  the  puller  must  be  used  is  consequently 
delayed. 

The  long  exposed  surface  of  the  high-chipped.  Group  3,  trees 
caused  them  to  suffer  somewhat  more  than  the  other  groups  from 
becoming  dry  faced,  and  possibly  from  insect  infestation.  One 
tree  in  Group  3  became  entirely  unproductive,  and  over  one-third  of 
the  streak  surface  of  another  ceased  to  exude.  A  tendency  of  some  of 
the  trees  to  form  resin  blisters  in  the  phloem  was  also  noted  exclu- 
sively in  Group  3,  apparently  indicating  very  abnormal  and  not 
desirable  conditions  in  the  trees.  The  undue  exposure  to  drying, 
which  reduces  the  vitality  of  the  living  wood  in  the  vicinity  of  the 
face,  is  undoubtedly  one  of  the  chief  reasons  why  wood  formation 

*  Wyman,   L.      results  op  experimental  turpentining    slash   and   longleap   pines. 
(Unpublished  manuscript.) 
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was  SO  noticeabl}^  reduced  above  the  faces  in  these  trees.  (Pis.  2, 
5,  and  6.)  The  length  of  the  face  is  a  great  mechanical  hindrance 
to  oleoresin  collection  in  the  cups.  This  area  of  exposed  wood  also 
tends  to  crack  and  check.  The  fissures  thus  formed  invite  the  tur- 
pentine borer,  Buprestis  ajrricans  Herbst,  which  lays  its  eggs  in  the 
cracks.  The  larvae  of  these  beetles  may  then  tunnel  out  the  interior 
of  the  butts  of  the  turpentined  trees.  The  partial  destruction  of 
the  wood  which  results  also  degrades  the  butt  lumber  from  the  trees. 
The  holes  from  which  the  beetles  emerge  after  several  years'  sojourn 
inside  the  butts  of  the  trees  and  their  tunnels  within  the  bole  favor 
the  growth  of  fungi,  which  may  bring  about  further  deterioration 
through  decay.  Even  without  decay  the  tunneling  brings  about  a 
weakening  of  the  tree  so  that  it  may  be  more  easily  blown  over. 
Low  chipping,  which  keeps  the  wood  near  the  face  healthy  and 
vigorous,  also  keeps  a  good  coating  of  gum  on  the  face  and  tends, 
provided  the  face  is  not  burned,  to  minimize  the  danger  of  damage 
from  attack  of  this  borer. 

LOW  CHIPPING  IMPORTANT  IN  YOUNG  TIMBER 

In  a  forest-management  plan  (^),  which  involves  several  work- 
ings of  a  stand  of  timber,  it  is  especially  important  that  conservative 
chipping  be  practiced,  particularly  during  the  first  working.  Tur- 
pentining trees  10  inches  in  diameter  at  breast  height  with  an 
American  face  considerably  weakens  the  tree  mechanically  so  that 
it  is  less  able  to  withstand  strong  winds.  This  is  especially  true 
where  deep  ax  cuts  are  used  for  inserting  aprons  when  the  cups  are 
raised.  Therefore,  the  low-faced  trees  are  less  subject  to  windfall 
damage  than  the  high-faced  trees  since  in  the  latter  the  stems  may 
be  very  slender  6.  or  8  feet  above  the  ground  due  to  natural  taper. 

Furthermore,  the  healthier  the  tree  is  the  more  rapidly  the  ex- 
posed area  will  be  healed  over  by  new  wood  formed  at  the  sides  of 
the  face,  and  the  sooner  it  will  be  ready  for  a  second  careful  working. 

Severe  chipping  has  been  found  often  to  reduce  growth  in  height 
and  diameter  as  much  as  one-third  or  one-half  in  young  stands  (^). 
The  fact  that  in  the  low-chipped  trees  only  a  relatively  small  reduc- 
tion in  width  of  growth  rings,  even  above  the  face  where  growth  is 
most  affected,  was  found  (pi.  6)  shows  how  this  type  of  exploita- 
tion tends  to  conserve  tree  vigor  and  insure  better  healing  over  of 
the  scar. 

Low  chipping  as  applied  by  the  use  of  the  so-called  split  faces 
offers  still  greater  promise  of  good  yields,  conservation  of  tree 
energy,  and  rapid  healing.  The  principal  characteristic  of  the  split 
face  is  that  it  has  a  4  to  6  inch  bar  of  bark  between  the  two  halves 
of  the  face,  that  is,  it  has  four  shoulders  and  no  peak.  The  half 
faces  may  be  clipped  either  American  style  ^  (4,  p.  39)  or  French 
style  with  the  gutters  so  arranged  that  the  giun  exuded  flows  into 
one  cup.  (Fig.  6.)  The  results  from  low  chipping  with  the  French 
faces,  as  cut  with  the  new  tool  developed  by  the  Southern  Forest 
Experiment  Station,  offer  exceedingly  good  promise  (^,  15).  More- 
over, these  faces  are  smoother  than  the  American  faces  and  hence  do 

s  The  American  style  split  face  was  demonstrated  in  1927  by  W.  K.  and  H.  D.  Cook  of 
Spring  Hill,  Wlsi. 
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Figure  6. — The  results  from  low  chipping  with  a  split  face  of  the  French  type, 
as  cut  with  the  now  tool  developed  by  the  Southern  Forest  Experiment  Station, 
offer  exceedingly   good  yields  combined   with   a  minimum   depletion   of   tree  vigor 
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not  encourage  scrape  formation  while  at  the  same  time  they  favor 
good  circulation  of  sap  and  the  best  opportunity  known  for  rapid 


healing. 


PROFITABLE  YIELDS  OF  OLEORESIN  FROM  LOW  CHIPPING 


The  Group  1  trees  chipped  slightly  more  than  one-fourth  inch  high 
each  week  (average  0.28  inch)  produced  in  this  test  at  least  as  much 
oleoresin  as  the  trees  chipped  more  than  twice  as  high.  Excellent 
yields  from  low  chipping  have  also  been  obtained  in  other  larger 
Government  tests  *^  and  in  commercial  chipping.  Nevertheless, 
there  are  some  records  where  especially  during  the  early  years  of 
operation  higher  yields  were  obtained  from  moderately  high  chip- 
ping as  compared  with  low  chipping.  Whether  this  may  be  char- 
acteristic of  certain  classes  of  timber  or  of  environments,  or  whether 
it  is  due  to  faulty  matching  of  the  groups  for  comparison  or  to  some 
other  unknown  factor,  remains  to  be  determined.  There  is,  however, 
no  exception  whatever  to  the  fact  that,  inch  for  inch  of  height,  the 
low  faces  have  always  produced  the  largest  amount  of  oleoresin. 

An  operator,  therefore,  in  deciding  whether  to  practice  low  chip- 
ping, must  weigh  future  considerations  in  the  balance  with  imme- 
diate gains.  When  he  is  to  work  his  own  timber  and  intends  to 
make  the  most  profit  through  several  rotations  of  working,  his  deci- 
sion for  low  chipping  may  be  considered  almost  a  foregone  conclu- 
sion.^ If,  on  the  other  hand,  he  is  leasing  timber  that  is  to  be  tur- 
pentined for  only  a  brief  period  before  it  goes  to  the  sawmill,  he 
may  choose  high  chipping,  which  may  be  carried  out  faster  and  with 
less  care,  since  in  this  case  the  potential  value  of  the  trees  for  further 
working  is  not  involved. 

MICROSCOPE  REVEALS  ADVANTAGES  OF  LOW   CHIPPING 

General  confirmation  of  the  earlier  observations  on  the  mainte- 
nance of  better  vigor  in  the  low-chipped  trees  was  obtained  from  the 
comparison  of  the  wood  formed  during  turpentining  by  the  trees  in 
the  present  test.  The  very  thorough  study  of  the  test  trees  during 
the  first  year  of  turpentining  (S)  brought  out  the  facts  that  earlier 
and  more  abundant  summer-wood  formation  and  wider  annual 
rings,  as  well  as  greater  development  of  resinif  erous  tissues,  occurred 
in  the  low-chipped  group.  These  responses  were  even  more  marked 
in  the  later  years  of  the  test,  as  is  shown  in  Plates  5  and  6.  In  some 
of  the  low-chipped  trees,  wood  formation,  even  above  the  face,  does 
not  appear  to  be  materially  reduced  as  a  result  of  turpentining. 
(PL  6.)  This  is  of  particular  interest  since  such  apparent  adjust- 
ment to  w^ounding  has  never  before  been  observed  even  in  young 
trees  growing  on  far  better  sites  than  that  where  this  test  w^as  located. 
The  power  to  build  abundant  wood  cells  and  also  more  resiniferous 
tissue  than  normal,  together  with  the  tendency  to  store  reserve  food 
materials  in  both  the  wood  and  the  phloem,  appeared  highly  signif- 
icant in  the  case  of  the  Group  1  trees. 

The  needless  waste  of  otherwise  productive  resiniferous  tissue 
through  high  chipping,  which  removes  the  shorter  resin  passages 

8  See  footnote  4. 
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before  they  can  fully  function,  is  a  matter  that  appears  to  be  of 
fundamental  importance  in  conserving  the  energy  of  the  tree's  living 
cells.  In  this  connection,  however,  it  should  not  be  disregarded  that, 
although  resin  passages  are  decidedly  more  abundant  in  the  Group  1 
trees,  nevertheless,  number  alone  is  not  an  invariable  indicator  of 
productive  power.  Indeed,  exceptional  cases  have  been  found  in  a 
recent  study  of  high  and  low  yielding  trees  in  which  a  large  number 
of  resin  passages  did  not  always  accompany  high  exudation  of  oleo- 
resin.  The  machinery  was  there  but  it  was  not  functioning,  except 
as  manifested  in  the  formation  of  the  various  cells. 

The  characteristics  of  the  phloem,  or  inner  bark,  its  storage  capac- 
ity, and  its  bearing  on  productive  power  are  being  studied  in  connec- 
tion w^th  this  test  and  also  in  a  study  directed  toward  determining 
the  characteristics  of  high  and  low  yielding  trees. 

SUMMARY 

Low  chipping  of  approximate!}^  one-fourth  inch  showed  distinct 
improvements  upon  the  higher  chipping  of  approximately  one-half 
to  three-fourths  inch  now  generally  used  in  turpentining.  Low  chip- 
ping, using  the  smaller-sized  hacks  (Nos.  00,  0,  1),  can  be  practiced 
without  appreciable  increase  in  operating  costs  and  is  capable  of  keep- 
ing ahead  of  the  lightwood  under  ordinary  conditions.  During  the 
5-year  test  (1923-1927)  on  the  Choctawhatchee  National  Forest  in 
Florida  as  high  a  yield  of  oleoresin  was  obtained  from  the  low  faces 
as  from  faces  more  than  twice  as  high,  thus  almost  doubling  the 
potential  yields  per  face  as  well  as  the  leasing  value  of  the  timber, 
or,  if  preferred,  reducing  the  butt  scar  by  half.  Moreover,  the  low 
faces  gave  yields  of  higher  quality  because  they  contained  a  greater 
proportion  of  dip,  as  compared  w^ith  the  relatively  large  yield  of 
scrape  collected  from  the  high  faces.  Possible  degrade  of  butt  lumber 
because  of  excessive  pitch  soaking  or  because  of  drying  of  the  exposed 
surface  accompanied  by  attacks  of  insects  and  fungi  was  also  reduced 
to  a  minimum  by  the  use  of  low  faces. 

A  microscopical  study  of  the  wood  and  bark  from  the  test  trees 
obtained  at  different  heights  showed  that  the  low-chipped  trees  when 
compared  with  the  high-chipped  trees  had  wider  rings  of  annual 
growth,  better-developed  summer  wood  (strength  giving)  and  mark- 
edly more  abundant  oleoresin-giving  tissues  immediately  above  the 
faces.  In  short,  the  low  chipping  reduced  the  waste  of  productive 
Tvood  and  in  addition  maintained  the  potential  oleoresin  and  wood 
producing  powers  of  the  tree,  matters  of  great  significance  in  the 
turpentining  of  second-growth  timber,  Avhere  rapid  healing  following 
low  chipping,  especially  of  the  French  split-face  type,  will  hasten 
the  next  working  of  the  trees  for  oleoresin. 
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INTRODUCTION 


Injury  to  the  foliage  of  apple  trees  is  often  the  cause  of  heavy  loss 
in  fruit  production.  Among  the  common  insects  which  attack  apple 
foliage  in  various  regions  are  the  leaf  hoppers.     These  cause  serious 

1  These  studies  were  carried  on  at  Bentonville,  Ark.,  under  the  direction  of  A.  L.  Quaint- 
ance,  at  that  time  Associate  Chief  of  the  bureau,  in  charge  of  the  Division  of  Deciduous 
Fruit  Insects,  Bureau  of  Entomology.  The  work  was  conducted  at  intervals  from  1918  to 
1929.  E.  W.  Cook,  temporary  field  assistant,  aided  in  the  rearing  work  from  1925  to 
1929.  Determinations  of  leaf  hoppers  were  made  by  W.  L.  McAtee,  of  the  Bureau  of 
Biological  Survey.  Determinations  of  natural  enemies  were  made  by  W.  L.  McAtee  and 
S.  A.  Rohwer.  To  all  these  the  writers  express  their  appreciation  for  assistance  in  this 
work. 

2  Formerly  with  the  Bureau  of  Entomology,  U.  S.  Department  of  Agriculture ;  resigned 
September,  1921. 
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foliage  injury  during  many  seasons,  especially  in  the  Ozark  district 
of  northwestern  Arkansas. 

Growers  are  less  familiar  with  leaf  hoppers  and  the  injury  they 
produce  than  they  are  with  the  pests  that  directly  attack  the  fruit. 
Leaf  hoppers  injure  the  leaves  by  sucking  the  plant  juices  and  fre- 
quently discolor  the  fruit  by  their  excrement. 

This  bulletin  deals  with  the  biology,  habits,  and  control  of  the 
five  species  of  leaf  hoppers  which  attack  apple  in  the  Ozarks. 

SPECIES  OCCURRING  IN  THE  OZARKS,  THEIR  COMMON  NAMES, 
AND  RELATIVE  IMPORTANCE 

There  has  been  much  confusion  concerning  the  identity,  the  names, 
and  the  habits  of  the  various  species  of  leaf  hoppers  which  attack 


Figure  1. — The  oblique-striped  apple  leaf  hopper  {Erythroneura 
obliqiia).      X    25 

apples  throughout  the  United  States.  In  American  entomological 
literature  injury  by  apple  leaf  hoppers  has  been  attributed  for  the 
most  part  to  three  species,  Empoasca  fabae  (Harris),  E.  maligna 
(Walsh),  and  Typhlocyha  rosae  (L.).  The  two  most  important 
leaf -hopper  pests  of  apple  in  the  Ozarks,  as  well  as  in  some  other 
fruit  districts,  have  received  no  attention  hitherto,  except  from  the 
systematic  point  of  view,  though  these  two  species,  Erythroneura 
ohliqua  (Say)  and  E.  maculata  (Gill.),  unquestionably  have  been 
apple  pests  tor  many  years.  Furthermore,  Typhlocyha  rosae^  a  pest 
of  rose,  has  been  confused  heretofore  with  another  species,  T,  po- 
maria  McAtee,  which  is  essentially  a  pest  of  apple. 
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Graphocephala  coccinea  (Forst.)  may  be  found  breeding  on  apple, 
but  the  preferred  host  plants  of  this  species  are  grasses  and  weeds. 
It  was  quite  abundant  on  weeds  in  the  insectary  yard  at  Bentonville, 
Ark.,  in  1925,  and  some  individuals  reproduced  on  near-by  apple 
trees. 

The  leaf  hoppers  which  cause  injury  to  apple  in  the  Ozarks,  in 
the  order  of  their  importance,  are  Erythroneura  obliqmi  (Say) 
(fig.  1),  E.  maculata  (Gill.)  (fig.  2),  Typhlocyha  poniaria  McAfee 
(fig.  3),  Empoasca  fahae  (Harris)  (fig.  4),  and  E.  tivalignob  (Walsh) 
(fig.  5). 

Erythroneura  ohliqua  was  termed  the  "  oblique-striped  Ery- 
throneura "  by  Fitch  {16^  p.  63Y  in  1851.  This  is  the  only  common 
name  which  has  been  applied  to  this  leaf  hopper.  Since  apple  is  its 
preferred  host  plant  this  species  may  be  appropriately  called  "  the 
oblique-striped  apple  leaf  hopper." 

No  common  name  has 
been  applied  to  En/thro- 
neura  TrmctAlata.  It  is  sug- 
gested that  this  species  be 
named  "  the  red  -  spotted 
apple  leaf  hopper  "  because 
of  the  characteristic  color 
markings  of  the  insect. 

Typhlocyha  pomarm  also 
has  no  common  name.  It 
is  proposed  that  this  insect 
be  called  "  the  white  apple 
leaf  hopper,"  the  name  be- 
ing based  on  the  general 
color  of  the  insect. 

The  green  -  colored  leaf 
hopper  Empoasca  fdbae  has 
been  termed  "  the  potato 
leaf  hopper "  by  Ball  {3, 
p.  152)^  and  as  this  species 
is  primarily  a  potato  pest, 
this  name  is  considered  ap- 
propriate. 

Ball  (4,  p.  S97)  named  Empoasca  maligna  "  the  apple  leaf  hopper  " 
because  "  it  spends  its  whole  life  on  the  tree  and  frequently  does 
serious  injury."  This  is  the  least  injurious  of  the  leaf  hoppers  attack- 
ing apple,  however,  so  the  name  is  inappropriate  for  the  species. 
E.  maligna  will  be  designated  "  the  green  apple  leaf  hopper  "  in  this 
bulletin. 

The  two  species  of  Erythroneura  {E.  maxyalata  and  E.  ohliqua)  are 
by  far  the  most  injurious  of  the  apple  leaf  hoppers  in  the  Ozarks.  Of 
these  ohliqua  is  probably  the  more  abundant.  The  relative  import- 
ance of  the  two  species,  however,  is  exceedingly  variable  from  one 
orchard  to  the  next  and  from  one  season  to  another.  They  are  usually 
associated  in  the  same  orchards,  seem  to  thrive  under  similar  condi- 
tions, and  have  almost  identical  seasonal  histories.    These  species  are 


Figure    2. — The     red-spotted     apple     leaf 
(Ert/throneura  m<iculata).      X    20 


hopper 


3  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p,  38. 
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similar  in  appearance,  both  being  marked  with  red  or  orange  red 
upon  a  white  background  when  viewed  from  above.  They  can  be 
distinguished  easily,  however,  as  the  wings  of  ohliqua  have  two 
distinct  oblique  red  lines,  whereas  the  wings  of  macvlata  are  marked 
with  irregular  red  spots. 

The  long,  dry,  hot  seasons  which  are  common  in  the  Ozarks  are 
evidently  favorable  for  these  two  species.  They  have  never  been 
observed  to  be  harmed  by  extremely  high  temperatures  as  have  the 
other  species.  Nymphs  and  adults  of  both  species  are  present  on 
apple  throughout  the  entire  growing  season. 


Figure  3. — The  white  apple  leaf  hopper  (Typhlocyha  pomaria).      X   25 

The  white  apple  leaf  hopper,  Typhlocyha  fomaria^  was  the  most 
important  species  in  1918.  Since  1919  it  has  hardly  been  a  pest  in 
the  Ozarks,  probably  owing  to  parasites  or  adverse  climatic  condi- 
tions. It  is,  however,  the  most  injurious  of  the  apple  leaf  hoppers  in 
the  northern  fruit  sections.  In  the  Ozarks  hot  weather  often  pro- 
duces a  high  mortality  of  both  nymphs  and  adults  of  this  species. 
This  fact  was  observed  in  September,  1925,  when  second-generation 
nymphs  and  adults  were  killed  by  thousands  by  temperatures  of 
about  100°  F.  for  several  successive  days. 

The  incubation  period  of  summer  eggs  of  the  white  apple  leaf 
hopper  in  Arkansas  ranges  from  63  to  86  days,  and  neither  nymphs 
nor  adults  are  present  in  orchards  from  the  middle  of  June  to  the 
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Figure  4. — The  potato  leaf  hopper  (Empoasca  fahae)  :  A,  First  nymphal  stage;  B 
second  stage  ;  C,  third  stage  ;  D,  fourth  staue ;  E,  Fifth  stage  ;  F,  side  view  of 
the  fifth  stage  ;  G,  adult  X  17  ;  H,  front  view  of  head  of  adult ;  /,  eggs  in  tissue 
on  underside  of  apple  leaf ;  J,  curled  condition  of  terminal  leaves  of  apple  due  to 
attack  by  the  potato  leaf  hopper 
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latter  part  of  July.     The   active  stages  of  the  insects,  therefore, 
usually  escape  exposure  to  high  temperatures. 

The  potato  leaf  hopper,  Empoasca  fabae^  is  a  serious  pest  in  the 
potato  sections  of  Iowa,  Minnesota,  and  Wisconsin,  but  in  the  Ozarks 
damage  to  potatoes  by  this  leaf  hopper  is  usually  of  little  conse- 
quence. In  1925  temperatures  of  over  90°  F.  caused  considerable  mor- 
tality of  both  nymphs  and  adults.  This  was  quite  a  factor  in  reduc- 
ing the  abundance  of  the  species  after  the  middle  of  June,  by  which 
date  the  first  generation  was  completed.  It  is  frequently  a  pest  of 
young  apple  trees,  though  in  some  seasons  the  first  generation 
causes  injury  to  terminal  foliage  in  bearing  orchards.  This  leaf 
hopper  has  never  been  observed  to  be  injurious  enough  on  bearing 
apple  trees  in  the  Ozarks  to  require  a  spray  for  its  control. 


Figure  5. — The  green  apple  leaf  hopper    {Empoasca  maligna). 


The  green  apple  leaf  hopper,  E.  rualigyia.,  has  been  reported  as  a 
true  pest  of  apple  in  western  New  York  by  Lathrop  {23 .^  f.  186).  In 
the  Ozarks,  however,  this  leaf  hopper  will  probably  never  become 
abundant  enough  to  be  rated  as  a  pest  of  apple.  It  is  usually  found 
only  on  young  trees.  This  species  has  one  brood  annually,  and 
feeding  takes  place  during  a  period  of  only  about  three  months 
during  the  early  summer.  Injury  by  Jhis  species  is  relatively 
unimportant. 

OTHER  SPECIES  INFESTING  APPLE  IN  OTHER  PARTS  OF  THE 

UNITED  STATES 

Erythroneura  hartii  Gill.  (fig.  6)  is  a  species  of  economic  im- 
portance on  apple  in  the  localities  where  it  occurs.  This  leaf  hopper 
has  not  been  found  west  of  the  Mississippi  River.     It  is  one  of  the 
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injurious  leaf  hoppers,  however,  in  Illinois  and  Indiana.  It  is 
generally  distributed  from  Illinois  to  Virginia.  Stearns  (37)  has 
described  the  work  of  this  leaf  hopper  as  a  pest  of  apple  in  Virginia. 

The  rose  leaf  hopper,  Typhlocijha  rosae  (L.),  is  essentially  a  pest 
of  roses,  but  it  also  attacks  apple  occasionally.  The  species  has 
been  confused  with  T.  pomai'ia  McAtee  frequently,  but  its  distribu- 
tion apparently  covers  the  northern  half  of  the  country.  It  has 
not  been  collected  in  Arkansas  during  the  course  of  these  studies. 
In  1927  Lathrop  {2Jf)  published  a  report  of  the  injury  caused  by 
these  two  species  of  Typhlocyba  on  apple  in  New  York. 

A  new  species  {Typhlocyha)  Empoa  malini  DeLong,  was  de- 
scribed from  Ohio  by  DeLong  {12)  in  1926.  This  leaf  hopper  was 
said  to  resemble  rosae  very  closely.  McAtee  {32)^  after  examining 
specimens  of  Tnalin^  found  it  to  be  Typhlocyha  Xanthippe  McAtee, 
the  latter  name  having  priority  because  of  earlier  publication. 

Idiocery^  pravaneheH  Van  Duzee  attacks  apple  occasionally  in 
northern  fruit  sections. 


Figure  6. — Erythroneura  hartii.      X    25 
COMPARISON,  AS  TO  LOSSES,  WITH  OTHER  APPLE  PESTS 

Leaf  hoppers  as  pests  of  apple  in  the  Ozarks  are  of  secondary 
importance,  and  the  losses  which  they  cause  can  not  be  compared 
with  the  injury  caused  by  the  codling  moth  or  San  Jose  scale.  Of 
the  second-rate  pests,  they  are  the  most  widely  distributed  and 
most  regular  in  their  appearance  year  after  year;  this  is  especially 
true  of  the  two  species  of  Erythroneura.  Injury  to  apple  by  the 
plum  curculio  is  more  severe  in  a  few  orchards,  but  appreciable  in- 
jury by  the  curculio  during  the  last  few  years  has  not  been  general 
and,  as  a  whole,  is  of  less  consequence  than  leaf-hopper  injury. 
The  various  species  of  borers  are  also  of  local  occurrence.  In  bear- 
ing orchards  that  are  regularly  sprayed  for  codling-moth  control 
leaf-feeding  caterpillars  are  of  little  consequence. 
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CHARACTER  OF  INJURY 

The  nymphs  and  adults  of  the  species  of  leaf  hoppers  concerned, 
except  Empoasca  fabae^  feed  almost  entirely  on  older  leaves  and 
usually  in  the  lower  parts  of  trees.  They  never  attack  growing 
leaves  on  the  terminals.  They  congregate  on  the  lower  surfaces  of 
the  foliage,  pierce  the  leaf  tissue  with  their  tiny  beaks,  and  suck  the 
plant  juices.  The  injured  leaves  lose  chlorophyll  in  spots  (fig.  7), 
and  when  the  attack  first  begins  the  leaves  present  a  mottled  appear- 


PiGURE  7. — Typical  injury  to  apple  leaves  caused  by  all  species  except  the  potato 

leaf  hopper 

ance.  As  the  injury  continues  the  leaves  lose  most  of  the  green 
color  and  become  grayish  green  above.  More  or  less  extensive 
defoliation  may  follow. 

When  leaf  hoppers  are  very  abundant  late  in  the  season,  they  may 
cause  minor  injury  to  fruit  by  preventing  proper  coloring.  If 
nymphs  are  very  abundant  in  September  the  upper  surfaces  of  all 
fruit  in  the  lower  part  of  the  trees  may  be  covered  with  excrement, 
which  is  attacked  by  a  black  fungus.  The  parts  of  the  fruit  thus 
covered  fail  to  color  and  present  an  unsightly  appearance. 

The  injury  to  foliage  and  fruit  through  the  covering  of  the  upper 
surfaces  with  excrement  is  direct  and  easily  established.  It  is  prob- 
able that  the  indirect  injury  is  greater,  although  it  is  not  so  easily 
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determined.  During  dry  seasons  leaf  hoppers  are  charged  with 
increasing  the  premature  dropping  of  fruit  in  late  August  and  in 
September.  Such  seasons  are  usually  favorable  to  leaf-hopper 
development.  Unfortunately  it  is  during  a  dry  season  that  trees 
are  less  able  to  resist  a  heavy  drain  of  sap. 

Empirical  observations  indicate  that  leaf -hopper  injury  to  foliage 
delays  coloring  of  such  varieties  as  Arkansas  (Mammoth  Black 
Twig)  and  Ben  Davis  and  otherwise  reduces  quality.  Leaf -hopper 
excrement  on  Jonathan  and  Grimes  Golden  often  interferes  with  the 
finish  of  these  varieties. 

In  addition  to  the  injury  that  they  cause,  adult  leaf  hoppers  are  a 
source  of  much  annoj^ance  to  apple  pickers.  This  is  especially  true 
during  hot,  dry  seasons  when  adults  become  so  numerous  by  late 
summer  that  they  actually  arise  from  the  foliage  in  clouds,  when 
disturbed,  and  cause  considerable  discomfort  by  swarming  into  the 
eyes  and  ears  of  persons  engaged  in  harvesting  the  crop. 

The  injury  caused  by  the  potato  leaf  hopper  (fig.  4)  is  quite  dis- 
tinct from  that  just  described.  This  leaf  hopper  attacks  the  termi- 
nals exclusively,  causing  curling  of  the  leaves  and  checking  of  the 
young  growth.  When  the  insects  are  abundant  on  apple  the  in- 
fested, terminal  leaves  present  a  burned  appearance  at  the  tips  and 
along  the  margins.  This  type  of  injury  on  potato  has  been  termed 
"  hopperburn  "  by  Ball  (^,  "p.  llfO) .  This  leaf  hopper  is  a  destruc- 
tive pest  of  potatoes,  but  it  also  causes  serious  injury  to  beans,  apple 
nursery  stock,  alfalfa,  clovers,  and  several  other  plants  in  some 
localities. 

CHARACTERS  FOR  DISTINGUISHING  THE  SPECIES 

There  are  two  distinct  color  forms  of  each  of  the  two  species  of 
Erythroneura,  a  red  form  and  a  yellow  or  pale  form.  In  the  typical 
reel  form  the  color  markings  are  orange  red ;  in  the  yellow  form  the 
patterns  are  the  same  as  in  the  red  form,  but  the  color  markings 
range  from  j^ellow  through  light  greenish  yellow  to  pellucid.  Indi- 
viduals of  ihQ  yellow  or  pale  form  of  both  species  are  more  abundant 
than  those  of  the  red  form  during  most  of  the  season.  Eed  individ- 
uals predominate  only  during  the  cool  weather  of  late  fall  and 
winter. 

A  distinct  variety,  Erythroneura  obliqu<i  var.  dorsalis  (Gill.)* 
(fig  8),  is  also  common  in  practically  all  orchards.  This  variety 
differs  from  the  typical  ohliqua  by  the  red  stripes  being  so  broadened 
and  run  together  as  to  form  a  continuous  red  or  dark  do»sal  stripe 
the  entire  length  of  the  insect. 

Variety  dorsalis  is  always  associated  with  the  typical  ohliqua  in 
orchards,  and  they  copulate  without  discrimination.  In  cage  studies 
in  1920  and  1921  it  was  found  that  the  typical  ohliqua  and  dorsalis 
interbreed  to  such  an  extent  that  mated  pairs  of  either  form  fre- 
quently produce  offspring  with  the  other  type  of  color  pattern. 

In  the  cage  experiment  of  1921  a  number  of  pairs  of  the  over- 
wintering generation  of  dorsalis^  taken  in  coitu,  were  placed  in  a  cage 
over  a  tree  which  had  been  previously  protected  from  infestation  for 
about  two  weeks.    No  typical  specimens  of  ohliqua  were  included. 

*The  name  Erythroneura  lawsoniana  was  proposed  for  this  leaf  hopper  by  Baker  in 

1926  (2). 
64045°— 31 2 
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Of  50  offspring  of  these  mated  pairs  of  dorsalis  reared  in  the  tree 
cage,  46  had  the  dorsalis  coloration.  Four  were  typical  ohliqua. 
Another  tree  cage  was  used  exclusively  for  mated  pairs  of  the  typical 
ohliqua.  Only  28  nymphs  from  this  cage  were  brought  to  maturity. 
Of  this  number,  23  were  of  the  typical  red  form,  4  were  pale  form 
ohliqua^  and  1  was  dorsalis. 

The  following  key  will  serve  to  separate  the  adult  leaf  hoppers : 

A.  General  color,  viewed  from  above,  green. 

B.  Adults  deep  green,  robust,  with  a  blunt  vertex 

Empoasca  maligna. 

BB.  Adults  pale  green,  slender,  with  a  rather  pointed  vertex 

Empoasca'  fabae. 

AA.  General  color,  viewed  from  above,  creamy  white Typlilocyho^  pomaria. 

AAA.  General  color,  viewed  from  above,  white  with  red  or  yellow  stripes. 

B.  Wings  with  one  distinct  red  oblique  stripe 

Erythroneura  ohliqua  var.  dorsalis. 

BB.  Wings  with  two  distinct  oblique  stripes.    . 

C.  Oblique  stripes  red Erythroneura  obliqua  (red  form). 

CO.  Oblique   stripes    yellow 

Erythroneura   oUiqua    (yellow    form). 

AAAA.  General  color,  viewed  from  above,  white  with  irregular  red  or  yellow 
spots. 

B.  Spots  red Erythroneura  maculata  (red  form). 

BB.  Spots  yellow Erythroneura,  maculata   (yellow  form). 

Nymphs  of  the  differ- 
ent species  may  be  read- 
ily separated  by  their 
color,  by  their  feeding 
habits,  and  by  the  time 
of  appearance  of  the  first 
generation  on  apple. 

Nymphs  of  Typhlo- 
cyha  pomaria  are  white, 
they  infest  only  the 
lower  leaves,  and  are  the 
first  species  to  appear 
on  apple.  Hatching  be- 
gins about  the  time  the 
"  petal  -  fall  "  spray  is 
due. 

Nymphs  of  Empoasea 
maligna  are  green,  they 
feed  on  the  lower  leaves, 
and  hatching  begins  a 
few  days  later  than  the 
hatching  of  the  preced- 
ing species. 

The  yellowish  -  green 
nymphs  of  E.  fabae  attack  the  terminal  leaves,  and  their  first  appear- 
ance on  apple  is  about  a  month  later  than  that  of  maligrha  nymphs. 

The  nymphs  of  Erythroneura  ohliqua  are  white  with  dark  spots  on 
the  dorsal  side  of  the  thorax.  These  nymphs  feed  on  the  lower  leaves 
and  hatching  starts  several  weeks  later  than  that  t)f  fabae. 

Nymphs  of  E.  maculata  hatch  at  the  same  time  as  those  of  ohliqua^ 
and  they  also  feed  on  the  lower  leaves.  They  differ  from  ohliqua  by 
lacking  the  dark  markings  of  that  species. 


Figure  8. — Erythroneura  ohliqua  var.  dorsalis.      X  25 
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The  ground  color  of  the  variety  dorsc^is  is  yellow  in  the  nymphal 
stages,  instead  of  white  as  in  the  typical  ohliqua.  The  red  and  the 
yellow  color  forms  of  the  two  species  of  Erythroneura  can  not  be 
distinguished  in  their  immature  stages. 

Nymphs  of  the  different  species  are  easily  distinguished  from  one 
another  by  the  characters  given  in  the  following  key : 

A.  Nymphs  green. 

B.  Nymphs  bright  green,  robust,  infesting  lower  leaves-  E.  maligna. 

BB.  Nymphs  pale  green,  slender,  infesting  terminal  Ieaves_  E.  fahae. 

AA.  Nymphs  white  or  cream  colored,  usually  present  on  foliage  of  lower  limbs. 

B.  Dorsal     area     of    vertex     and     thorax     marked     with     dark 

spots E.  ohliqua. 

BB.  Vertex  and  thorax  without  dark  spots. 

C.  Vertex  flattened  in  front T.  pomaria. 

CC.  Vertex  angular  in  front E.  maculata. 

THE  OBLIQUE-STRIPED  APPLE  LEAF  HOPPERS 

HISTORY  AND  SYNONYMY 

The  oblique-striped  apple  leaf  hopper  was  originally  described  by 
Say  (36,  p.  34^)  in  1825  as  Tettigonia  ohliqua.  In  1851  the  genus 
Erythroneura  was  erected  by  Fitch  (iJ,  p.  62)  to  include,  among 
other  species,  T.  ohliqua  Say.  Fitch  applied  the  first  common  name 
to  the  insect  at  this  time  when  he  called  it  "the  oblique-striped 
Erythroneura."  In  1856  Fitch  {16^  p.  435)  mentioned  this  species  as 
attacking  wild  currant  and  various  other  shrubs  and  trees;  he  also 
observed  adults  under  leaves  in  winter  and  noted  variations  in  the 
coloration  of  specimens. 

Erythroneura  ohliqua  has  been  referred  to  frequently  in  literature 
under  the  genus  Typhlocyba,  by  Woodworth  (4^),  Van  Duzee  {39^  p. 
Wl),  Gillette  {21,  p.  756),  Osborn  {3Jf,  p.  5^5),  and  others.  The 
earliest  mention  of  the  insect  as  a  pest  of  apple  was  by  Quaintance  as 
reported  by  Lyon  {27)  in  1915.  This  species  was  placed  in  the  genus 
Erythroneura  by  Van  Duzee  {1^0,  p.  7U) .  McAtee  {29,  p.  277) ,  1920, 
rediscribed  the  typical  red  form  as  Erythrorvev/ra  ohliqua  var. 
ohliqua  (Say).  In  1930  Beamer  {6,  p.  1^17-1^56)  divided  Erythrone- 
ura ohliqua  into  64  species  and  varieties  following  a  study  of  the 
genitalia  of  the  insects.  Specimens  of  the  oblique-striped  apple  leaf 
hopper  have  been  identified  as  one  of  the  new  species,  E.  magnacalyx 
Beamer.  The  name  E.  ohliqua  is  retained,  however,  for  this  apple 
leaf  hopper.  No  published  account  of  the  biology  of  the  oblique- 
striped  apple  leaf  hopper  has  appeared  heretofore. 

DISTRIBUTION   AND   FOOD   PLANTS 

The  oblique-striped  apple  leaf  hopper  is  undoubtedly  a  native 
species.  McAtee  {29,  p.  275)  gives  its  known  range  as  extending 
from  Quebec,  Ontario,  and  Colorado  to  Virginia,  Louisiana,  and 
possibly  California.  It  is  especially  abundant  in  apple  orchard  sec- 
tions of  the  Central  West  from  Kansas  to  Indiana. 

Much  uncertainity  exists  in  published  records  with  respect  to  the 
food  plants  of  this  leaf  hopper.  Gillette  {21,  p.  757)  states  that 
"this  is  one  of  the  grape-infesting  species  and  is  commonly  taken 

5  Ert/thrcmeura  ohliqua  var.  oUiqua  (Say)  ;  order  Hemiptera,  family  Cicadellidae.  sub- 
family  Bupteryginae. 
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along  with  comes  and  its  varieties."  This  is  undoubtedly  an  error, 
for  the  insect  does  not  reproduce  on  grape.  In  the  insectary  yard  at 
Bentonville,  Ark.,  for  instance,  a  row  of  bearing  grapevines  is  flanked 
on  both  sides  by  apple  trees,  and  all  plants  are  so  closely  crowded  that 
the  grapevine  and  apple  tree  touch  one  another;  yet  in  this  yard 
E.  ohliqwa  infests  apple  throughout  the  season,  but  does  not  attack 
the  grape  foliage  close  at  hand.  The  grapevines  are  infested  with 
several  species  of  grape  leaf  hopper,  and  these  species  likewise  con- 
fine their  attack  to  their  favored  host  plant  and  do  not  stray  to 
apple. 

It  is  probable  that  this  species  was  a  pest  of  Crataegus  and  other 
native  forest  trees  and  that  it  has  adapted  itself  to  apple  in  recent 
years.  This  assumption  is  borne  out  by  the  fact  that  the  insect  was 
present  in  the  country  almost  a  hundred  years  before  apple  was 
mentioned  as  a  host  plant.  Though  the  insect  breeds  to  a  limited 
extent  on  some  shrubs  and  forest  trees,  apple  is  the  only  host  plant 
upon  which  it  is  now  known  to  be  a  pest. 

DESCRIPTION  OF  THE  STAGES  OF  ERYTHRONEURA  OBLIQUA 

During  their  life  history  leaf  hoppers  pass  through  the  following 
stages :  The  egg ;  the  nymph ;  and  the  adult,  or  mature  insect.  The 
nymphs  resemble  the  adults  in  a  general  way,  the  most  striking  dif- 
ference being  that  they  are  wingless.  Between  hatching  and  trans- 
formation to  adult  the  nymphs  molt  five  times,  so  there  are  five 
nymphal  instars.  All  the  stages  of  one  of  the  leaf  hoppers  attack- 
ing apple,  Em'poasca  fahae^  are  shown  in  Figure  4. 

A  description  of  the  stages  of  Erythroneura  oMiqua  follows : 

THE  EGG 

Egg  elongate,  bean-shaped,  slightly  smaller  at  one  end  than  at  the  other. 
Almost  transparent  when  first  deposited,  changing  to  pale  white.  Average 
length  0.7  mm.,  average  diameter  0.25  mm. 

THE   NYMPH 

First  instar. — General  color  light  yellow  after  feeding.  Eyes  deep  red.  An- 
tennae extending  to  hind  margin  of  thorax.  A  dark  irregular  line  apparent 
along  the  frontal  margin  of  the  vertex  and  also  one  near  each  lateral  margin 
of  the  thorax  dorsally.    Average  length  0.95  mm. 

Second  instar. — Color  yellow.  Eyes  dull  red.  Antennae  extending  to  hind 
margin  of  thorax.  Dark  markings  more  evident,  those  on  vertex  less  irregu- 
lar in  shape  and  often  in  the  form  of  two  distinctly  separated  brownish-black 
lines;  thoracic  markings  on  pronotum  consisting  of  two  spots  situated  near 
hind  margin,  one  on  each  side ;  those  on  mesonotum  in  a  semi-curved  line  on 
each  side  following  the  lateral  contours  of  the  segment;  those  on  metanotum 
two  in  number,  shaped  like  an  inverted  comma  and  situated  dorso-laterally,  one 
on  each  side.    Average  length  1.2  mm. 

Third  instar. — Color  yellow.  Eyes  dull  white  underlaid  by  red.  Antennae 
extending  to  front  margin  of  metathorax.  Wing  pads  making  their  appear- 
ance. Dark  markings  in  some  specimens  showing  the  beginning  of  disinte- 
gration from  irregular  lines  into  a  series  of  spots.     Average  length  1.5  mm. 

Fourth  instar. — Color  deeper  yellow.  Eyes  more  whitish.  Antennae  extend- 
ing to  mesothorax.  Wing  pads  reaching  the  second  abdominal  segment.  The 
brownish-black  markings  now  consisting  of  four  short  narrow  lines  on  the 
frontal  margin  of  the  vertex,  their  distance  apart  considerably  less  than  their 
length  and  the  outer  one  on  each  side  not  attaining  the  margin  of  the  eye. 
Markings   of   the   thorax   appearing   as    spots   arranged    as   follows:  2    near 
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posterior  margin  of  pronotum,  1  one  on  each  side;  10  on  mesonotum,  5  on 
eacli  side,  4  extending  from  the  anterior  to  the  posterior  margins,  and  tlie 
fifth  situated  along  the  posterior  margin  one-quarter  of  its  distance  from  the 
side;  6  on  metanotum,  2  located  along  each  side,  1  above  the  other,  and  1 
inward  along  the  hind  margin  on  each  side  one-quarter  of  the  distance  from 
the  lateral  margin.    Average  length  1.9  mm.     (Fig.  9,  A.) 

Fifth  instar. — Color  as  in  previous  stage.  Eyes  white.  Antennae  reaching 
hind  margin  of  mesothorax.  Wing  pads  extending  to  the  third  and  some- 
times the  fourth  abdominal  segment.  The  black  markings  more  prominent, 
the  two  posterior  lateral  spots  on  each  side  of  mesonotum  now  being  situated 
on  the  basal  third  of  the  front  wing  pad,  one  above  the  other,  the  two  lateral 
spots  on  the  metanotum  on  each  side  similarly  located  on  the  hind  wing  pads. 
Average  length  2.46  mm. 

THE    ADULT 

Descriptions  of  the  typical  red  form,  of  the  yellow  form,  and  of 
the  variety  dorscdis,  taken  from  McAtee  (29,  p,  277-278)^  follow. 

Erythroneura  obliqua  var.  obliqua  (Say).  *  *  *  Ground  color  of  scutellum 
and  anterior  upper  surface  pale  opaque  yellow,  markings  two  orange-red  vittae 
connivent  on  vertex,  forming  an  inverted   V-shaped  mark  common  to  vertex 


Figure  9. — Fourth-instar  nymphs  of  apple  leaf  hoppers  :  A,  Erythroneura  obliqua, 
X  20;  B,  E.  maculata,  X  20;  C,  Typhlocyba  pomaria,  X   22 

and  pronotum ;  scutellum  with  median  pale  yellow  opaque  vitta,  bordered  by 
two  narrow  orange  red  lines,  tip  orange  red.  Tegmina  whitish  hyaline,  bearing 
orange  red  markings  as  follows :  Vitta  on  clavus  interrupted  except  for  dots 
near  radial  margin,  then  continued  along  that  margin  nearly  to  tip  of  clavus ; 
a  long  vitta  along  third  sector,  curved  at  apex  along  part  of  base  of  fourth 
apical  cell;  narrow  stripe  along  anterior  half  or  more  of  costal  margin; 
thread  of  color  along  first  sector,  and  sometimes  along  cross-veins ;  apical  cells 
slightly  yellowish  smoky ;  costal  plaques  greenish  yellow.  Ground  color  below 
pale  yellow,  stripe  along  pleura  pale  reddish;  arcuate  cross-band  on  lower 
surface  of  vertex  and  touches  of  color  elsewhere  on  face,  orange-yellow  to  red ; 
fore  tibiae  washed  with  reddish ;  claws  black. 

[Length,  one  female,  3  mm. ;  other  specimens,  2.6  to  3.1  mm.] 

Erythroneura  obliqua  var.  obliqua  (Say),  yellow  form.  Color  pattern  as  in 
the  red  form,  but  with  the  color  markings  varying  from  yellow  through  light- 
greenish-yellow  to  pellucid  or  livid;  tegmina  more  hyaline;  costal  plaques 
whitish  usually  obscured  by  the  color  markings. 

[Length,  one  female,  2.8  mm.] 

[Erythroneura  obliqua  var.  dorsalis  (Gillette),  red  form.]  In  its  best  de- 
velopment variety  dorsalis  has  the  head  and  pronotum,  except  narrow  lateral 
margins  and  the  scutellum  and  clavi,  entirely  covered  by  a  broad  continuous 
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red  stripe;  the  corial  vittae  are  unusually  broadened,  originate  about  middle 
of  corium  and  are  cut  sharply  off  at  cross-veins;  apical  cells  dusky.  The 
principal  variations  are  that  narrow  slaty-drab  vittae  and  edgings  may  mark 
the  places  where  more  extensive  pale  areas  are  present  in  variety  obliqua,  or 
the  tegminal  vittae  may  be  well  separated  as  in  typical  form ;  inner  apical 
cells  are  quite  black  sometimes,  continuing  the  dorsal  stripe  to  apices  of 
tegmina. 

[Length,  one  female,  2.57  mm.] 

THE  RED-SPOTTED  APPLE  LEAF  HOPPER  e 

HISTORY  AND  SYNONYMY 

This  leaf  hopper  was  originally  described  by  Gillette  {21,  p,  764-) 
as  a  variety  of  the  grape  leaf  hopper  under  the  name  of  Typhlocyha 
comes  var.  maculata.  Wirtner  (^^,  p.  227),  in  1904,  reported  this 
species  from  Pennsylvania,  and  Tucker  {38,  p.  68) ,  in  1907,  collected 
the  insect  in  Kansas,  but  no  mention  was  made  of  the  host  plants 
in  either  of  these  records.  In  1920  Lawson  {25,  p.  252)  redescribed 
the  insect  as  a  distinct  species,  Erythroneura  maculata  (Gill.),  and 
he  stated  that  the  specific  host  plant  was  unknown  at  that  time. 
During  the  same  year  McAtee  {29,  p,  298)  redescribed  Gillette's 
type  specimen  under  the  name  Erythroneura  maculata  var.  Tuaculata 
(Gill.).  This  leaf  hopper  was  reported  as  a  pest  of  economic  im- 
portance for  the  first  time  by  Ball  {5)  in  1926,  when  he  gave  his 
observations  on  the  life  history  of  the  insect  on  sycamore  at  Wash- 
ington, D.  C.  A  new  species,  E,  omani,  was  described  by  Beamer 
(7,  p.  49-50)  in  1930,  and  specimens  of  the  red-spotted  apple  leaf 
hopper  treated  in  this  bulletin  have  been  identified  as  omani.  The 
name  E.  Tnaculata  is  retained  for  the  species,  however,  in  this  bulletin. 

DISTRIBUTION  AND  FOOD  PLANTS 

This  insect,  like  Erythroneura  ohliqua,  is  evidently  a  native  species. 
McAtee  {29,  p.  289-299)  gives  the . following  distribution  records: 
District  of  Columbia,  Maryland,  Virginia,  Tennessee,  Georgia,  Texas, 
Indiana,  Missouri,  Kansas,  and  Iowa.  In  a  later  publication  McAtee 
{30,  p.  133)  adds  the  following  States :  New  York,  New  Jersey,  Mas- 
sachusetts, Wisconsin,  Colorado,  and  California.  The  writers  have 
specimens  of  the  species  also  from  Illinois  and  Ohio. 

The  red-spotted  apple  leaf  hopper  resembles  the  original  grape 
leaf  hopper,  Erythroneura  comes  (Say),  so  closely  that  it  may  be 
readily  mistaken  for  the  grape  species.  E.  Tnaculata  confines  its 
attack  to  apple  among  the  host  plants  of  economic  importance, 
however,  whereas  E.  comes  is  strictly  a  grape  species. 

The  mention  of  sycamore  as  a  host  plant  of  this  species  by  Ball 
{5,  p.  96)  is  the  only  record  found  in  literature  of  a  food  plant  of 
this  leaf  hopper.  At  Bentonville,  Ark.,  the  insect  has  been  found 
breeding  on  raspberry  and  elm  to  a  limited  extent,  as  well  as  on 
sycamore.  Nevertheless,  apple  is  the  only  host  plant  in  the  Ozarks 
upon  which  it  is  sufficiently  abundant  to  be  a  pest. 

'^Erythroneura  maculata  var.  maculata  (Gill.);  order  Hemiptera,  family  Cicadellidae, 
subfamily  Eupteryginae. 
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DESCRIPTION  OF  THE  STAGES  OF  ERYTHRONEURA  MACULATA 

THE  EGG 

The  egg  of  Erythroiieurd  nmculata  resembles  that  of  E.  ohliqua 
SO  closely  that  no  further  description  of  this  stage  is  necessary. 

THE   NYMPH 

First  instar. — Color  pale  white  with  a  tinge  of  light  yellow  after  feeding. 
Eyes  deep  red.  Antennae  about  two-thirds  length  of  body.  Average  length 
0.9  mm. 

Second  instar. — General  color  white  to  pale  yellow  with  tinge  of  deeper 
yellow  in  the  median  dorsal  area  of  the  body.  Eyes  dull  red.  Antennae 
extending  to  hind  margin  of  metathorax  or  slightly  beyond.  Average  length 
1.2  mm. 

Third  instar. — General  color  as  in  previous  instar.  Eyes  losing  some  of 
their  color,  becoming  lighter.  Antennae  extending  to  metathorax.  Wing  pads 
beginning  to  appear.     Average  length  1.4  mm. 

Fourth  instar. — Color  as  in  previous  instar.  Body  more  robust.  Eyes 
dull  white.  Antennae  extending  to  mesothorax.  Wing  pads  reaching  second 
abdominal  segment.     Average  length  1.8  mm.     (Fig.  9,  B.) 

Fifth  instar. — The  yellowish  color  more  prominent  than  in  previous  instars. 
Eyes  white.  Antennae  extending  to  mesothorax.  Wing  pads  more  prominent 
and  attaining  third  abdominal  segment.     Average  length  2.4  mm. 

THE   ADULT 

Descriptions  of  the  type  specimen  and  the  yellow  form  by  McAtee 
{29,  p.  298)  are  as  follows : 

Erythroneura  maculata  var.  maculata  Gillette.  *  *  *  Ground  color  of  scutel- 
lum  and  anterior  parts  ivory,  of  tegmina  yellowish  hyaline :  with  the  following 
scarlet  markings ;  median  vitta  on  vertex,  discal  and  two  lateral  large  spots, 
besides  two  faint  ones  near  anterior  margin,  on  pronotum,  basal  angles  and 
apex  of  scutellum,  three  well-separated  spots  on  clavus,  a  spot  at  base  of 
corium,  an  oblique  streak  over  front  of  costal  plaque,  spot  between  latter  and 
clavus,  three  streaks  along  sectors  just  posterior  to  costal  plaque,  .and  a  line  on 
cross-veins  extending  slightly  also  on  adjacent  parts  of  sectors  and  apical 
veins ;  apical  cells  yellowish  fumose,  a  dark  dot  in  base  of  fourth.  Undersurface 
and  legs  stramineous  to  yellowish. 

[Length  2.64  mm. ;  other  specimens  2.64  to  3.03  mm.] 

Erythroneura  maculata  var.  maculata  Gillette  yellow  form.  Like  the 
preceding  except  that  the  color  markings  are  of  varying  shades  of  (greenish 
to  orange)  yellow  instead  of  red.  This  being  a  generally  paler  form  the 
markings  of  scutellum  and  anterior  parts  often  are  merely  translucent  ground 
color. 

[Length  3.03  mm.] 

THE  WHITE  APPLE  LEAF  HOPPER  ^ 

HISTORICAL  STATEMENT 

The  white  apple  leaf  hopper  has  been  confused  with  the  rose  leaf 
hopper,  T.  rosae  (L),  in  American  entomological  literature.  Pub- 
lished accounts  of  the  rose  leaf  hopper  as  a  pest  of  apple  in  the  past 
may  apply  partially  to  the  European  species  rosae,  since  this  insect 
may  occur  on  apple  as  well  as  on  rose,  but  it  is  more  likely  that  these 

'  Tpphlocyba  pomaria  McAtee ;  order  Hemiptera,  family  Cicadellidae,  subfamily 
Eupteryginae. 
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references  are  to  a  native  species,  T.  pomaria^  which  spends  its  entire 
life  on  apple.  The  original  description  of  the  apple  species  was 
given  in  1926  under  the  name  Typhlocyha  pomaria  by  McAtee  {31) 
to  whom  credit  is  due  for  the  first  differentiation  of  these  two  species. 

Because  of  the  confusion  of  the  two  species  of  Typhlocyha  in  the 
United  States  it  is  not  possible  to  state  exactly  the  distribution  and 
food  plants  of  the  species.  Previous  accounts  of  the  rose  leaf  hopper 
mention  the  rose  and  apple  as  the  preferred  food  plants  of  T.  rosae. 
It  is  probable  that  the  common  and  preferred  host  plant  of  T.  rosae 
is  rose,  while  that  of  T.  pommia  is  apple.  Likewise,  both  species 
will  probably  be  found  to  occur  in  most  of  the  apple  districts  of  the 
United  States,  since  the  published  literature  on  the  confused  T.  rosae 
shows  that  it  is  generally  distributed  throughout  this  country. 

T.  pomaria  occurs  on  apple  at  Bentonville,  Ark.,  but  no  specimens 
of  T.  rosae  have  been  collected  in  this  locality.  At  West  Chester, 
Pa.,  the  senior  author  has  seen  first-generation  nymphs  of  a  white 
leaf  hopper  hatching  from  winter  eggs  on  rose  at  the  same  time  that 
white  nymphs  of  the  first  generation  of  T.  pomaHa  hatched  from 
winter  eggs  on  apple.  It  is  very  probable,  therefore,  that  both 
T,  rosae  and  T,  pomaria  occur  in  Pennsylvania. 

DESCRIPTION  OF  THE  STAGES  OF  TYPHLOCYBA  POMARIA 


The  egg  is  elongate  oval,  slightly  crescentic  in  form,  almost  circular  in  cross 
section,  and  blunt  at  both  ends.  It  is  semitransparent,  but  when  ready  to 
hatch  it  changes  to  a  milky  white,  while  the  red  eyes  of  the  young  nymph  are 
visible  through  the  smooth  chorion.    Average  length  0.65  mm.,  width  0.19  mm. 

THE   NYMPH 

First  instar. — Color  pale  white  changing  to  light  yellow  after  feeding.  Eyes 
dull  red.  Small  spines  present  on  dorsal  side  of  the  head,  thorax,  and  abdo- 
men ;  the  latter  with  four  spines  to  each  segment  arranged  in  two  longitudinal 
rows  on  each  side.  Posterior  margin  of  metathorax  blunt.  First  two  segments 
of  antennae  pale,  remainder  dusky.     Average  length  0.98  mm. 

Second  instar. — General  color  creamy  white  to  light  yellow.  Eyes  losing 
some  of  red  color.  Wing  pads  beginning  to  appear  as  lateral  buds.  Posterior 
margin  of  metathorax  sharp  in  outline.  First  two  segments  of  antennae  yel- 
low, remainder  dusky.     Average  length  1,27  mm. 

Third  instar. — General  color  light  yellow.  Eyes  dull  white.  Body  more 
robust.  Wing  pads  extending  to  hind  margin  of  first  abdominal  segment. 
Spines  darker  and  more  prominent.    A^verage  length  1.55  mm. 

Fourth  instar. — General  color  light  yellow.  Byes  almost  pearl  white,  with 
a  brown  central  spot  underneath.  Wing  pads  extending  to  hind  margin  of  the 
second  abdominal  segment.  Spines  very  distinct.  Average  length  2.03  mm. 
(Fig.  9,  C.) 

Fifth  instar. — General  color  as  in  previous  instar.  Eyes  pearl  white.  Wing 
pads  extending  nearly  to  the  hind  margin  of  the  fourth  abdominal  segment. 
Broader  than  in  previous  instar.    Average  length  2.85  mm. 

THE    ADTILT 

The  description  of  the  adult  is  taken  from  McAtee  {31,  p.  29-30). 

Male.  Head  and  thorax  pale  yellow,  more  or  less  tinged  with  orange  to  red- 
dish on  front  of  vertex;  tegmina  hyaline,  the  costa,  commissure  and  sectors 
yellow,  apical  cells  faintly  dusky;  underparts  pale  yellowish,  the  face  jnore 
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or  less  tinged  with  orange  to  reddish,  touches  of  this  higher  coloration  else- 
where also  on  some  specimens. 

Hypopygium  (fig.  59)  :  Strongly  distinguished  by  the  falcate  process  form- 
ing the  posterior  border  of  the  side  of  the  9th  segment,  which  is  heavily  cliiti- 
nized  and  black  in  color ;  as  the  correlation  of  this  falcate  process  with  the 
type  of  aedeagus  here  illustrated  for  this  species  has  thus  far  been  constant, 
it  results  that  the  species  can  be  recognized  from  the  superficial  aspect  of  the 
hypopygium,  the  black  tips  of  the  falces  being  easily  seen.  Near  the  upper 
posterior  border  of  the  falx  are  several  backwardly  directed  bristly  hairs; 
similar  but  shorter  hairs  form  a  row  on  the  outer  clasper,  and  longer  softer 
hairs  spring  from  the  under  side  of  this  clasper,  from  the  lower  border  of  the 
9th  segment  near  articulation  of  outer  clasper,  and  from  the  end  of  the  anal 
tube.  Outer  claspers  as  seen  from  below  depressed  interiorly  so  that  together 
they  enclose  a  long  narrow  sunken  area,  clasper  as  a  whole  narrowed  on  pos- 
terior third,  the  apices  somewhat  spatulate  and  divergent;  seen  from  side  the 
outer  clasper  is  curved  upward  at  the  beginning  of  its  iK)sterior  third,  in  almost 
a  right  angle,  apex  somewiiat  spatulate  and  recurved;  inner  clasper  slender, 
outcurved  apically  (fig.  60)  ;  the  aedeagus  as  seen  from  above  (fig.  61)  with  a 
median  and  two  lateral  branches,  the  former  considerably  shorter  than  the 
latter,  furcate  at  the  tip,  and  reinforced  along  the  lower  surface  by  two  longi- 
tudinal stripes  extending  nearly  to  the  apex  appearing  as  ribs  on  back  of 
aedeagus  as  seen  from  above;  lateral  processes  becoming  very  slender  apically 
the  terminal  portion  curved  outward  and  then  forward.  Aedeagus  measured 
along  curve,  fully  twice  as  long  as  connective  (fig.  62). 

Female.  Paler  than  male,  general  coloration  stramineous,  with  little  or  no 
yellow,  orange,  or  reddish  washing;  tip  of  ovipositor  sheath  black.  Eighth 
sternite,  moderately  pointed  medially  and  emarginate  laterally  (fig.  103). 

Length,  3-3.5  mm. 

This  is  the  species  that  has  most  often  been  identified  as  T.  rosae 
Linnaeus. 

THE  POTATO  LEAF  HOPPER  « 

SYSTEMATIC  HISTORY 

The  potato  leaf  hopper  was  first  described  by  Harris  (^^,  p.  186) 
in  1841  as  a  pest  of  beans  under  the  name  Tettigonia  fcibae.  This 
fact  was  brought  out  by  Ball  (4,  p.  598)^  who  examined  the  type 
specimen  of  Harris's  fahae.  LeBaron  {26) ,  in  1853,  unaware^  of 
Harris's  species,  described  the  insect  as  Tettigonia  mcdi^  a  pest  of 
apple.  This  species  has  usually  been  referred  to  in  literature,  follow- 
ing LeBaron's  description,  as  mali  and  placed  in  various  genera.  In 
1862  Walsh  (|i,  p.  11^7-149)  ^  erected  the  genera  Empoasca  and 
Chloroneura  with  the  description  of  three  new  species  under  each 
genus.  Among  the  insects  thus  described  Ball  (4,  p.  599)  considers 
E.  vimdescens  Walsh,  E.  co^isohrina  Walsh,  and  0.  Trwleflca  Walsh 
as  synonyms  of  E.  fabae  (Harris).  The  name  given  by  Ball  for  this 
species  has  been  followed  by  the  writers. 

The  synonymy  of  Empoasca  fabae  (Harris)  is  as  follows : 

1841.  Tettigonia  fahae  Harris  (22,  p.  186). 

1853.  Tettigonia  mali  LeBaron  (26,  p.  330;  15,  p.  174). 

1862.  Empoasca  viridescens  Walsh  (41,  p.  1^9;  42,  p.  SIS). 

1862.  Empoasca  cmisobrina  Walsh  (41,  p.  149;  42,  p.  316). 

1862.  Chloroneura  m^alefica  Walsh  {41,  p.  149;  42,  p.  317). 

1879.  Typhlocyha  photophUa  Berg  (8,  p.  273). 

1884.  Empoa  alhopicta  Forbes  {17,  p.  181). 

1889.  Empoasca  albopicta  (Forbes)  Woodworth  {45,  p.  211-214). 

1891.  Empoasca  mali  (Le  Baron)  Gillette  (20,  p.  104-106). 

1924.  Empoasca  fahae  (Harris)  Ball  {4,  p.  598). 

^Empoasca  fahae  (Harris)  ;  order  Hemiptera,  family  Cicadellidae,  subfamily  Eupteryginae. 
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ECONOMIC    HISTORY 


Forbes  (77,  y.  181),  in  1884,  referred  to  this  insect  as  "the  green 
apple  leaf  hopper."  Published  accounts  of  the  insect  under  the  name 
of  "  the  apple  leaf  hopper  "  or  "  the  currant  leaf  hopper  "  by  Brit- 
ton  {9,  f.  216),  Bues  {10,  p.  32Jf),  and  Garman  {18,  p,  67)  have  ap- 
peared in  literature.  Washburn  (4-S),  in  1908,  published  an  account 
of  the  seasonal  history  and  control  of  the  insect  as  a  nursery  pest 
of  apple.  In  1918,  Lathrop  {23)  published  on  the  life  history  of 
this  apple  leaf  hopper.  An  account  of  the  insect  as  a  pest  of  apple 
nursery  stock  by  Ackerman  {1)  appeared  in  1919. 

The  first  reference  to  this  leaf  hopper  as  a  potato  pest  was  by 
Osborn  {33,  p,  603)  in  1896,  and  Gibson  {19,  p.  119)  in  1909  men- 
tioned it  as  destructive  to  potatoes  at  Ottawa,  Ontario.  The  rela- 
tion of  this  insect  to  the  hopperburn  of  potato  was  suggested  by 
Ball  {3,  p.  1J^9)  in  1919,  and  he  also  proposed  that  the  common  name 
of  the  insect  should  be  changed  to  the  potato  leaf  hopper,  because 
potato  was  its  preferred  host  plant.  Fenton  and  Hartzell  {IJ^)  in 
1923  and  De  Long  {13)  in  1928  published  on  the  biology  and  con- 
trol of  this  leaf  hopper. 

DISTRIBUTION 

The  potato  leaf  hopper  is  widely  distributed  throughout  the 
United  States.  Judging  from  collected  specimens  and  from  notes 
and  correspondence  of  the  Bureau  of  Entomology,  it  is  present  in 
almost  every  State  in  the  Union.  It  is  found  in  greatest  abundance 
throughout  the  eastern  humid  area  of  the  Upper  Austral  Zone.  In 
the  Americas,  outside  of  the  United  States,  it  has  been  reported 
from  British  Columbia,  Nova  Scotia,  Ontario,  Mexico,  Porto  Rico, 
and  Argentina.  There  are  no  records  to  indicate  that  this  species 
occurs  in  Europe. 

FOOD  PLANTS 

E,  fahae  is  a  general  feeder,  and  it  is  likely  to  be  present  on  a 
number  of  food  plants  at  any  time  during  its  active  life.  Ackerman 
{1,  p.  3)  lists  a  total  of  46  food  plants  for  the  insect.  Fenton  and 
Hartzell  (i^,  p.  382)  give  the  favored  food  plants  of  the  species,  in 
the  order  of  their  preference,  as  follows :  Potato,  beans,  clover,  al- 
falfa, and  beets.  The  species  in  some  States  is  a  pest  of  apple  and 
Norway  maple  in  nurseries. 

In  the  Ozarks  potato  and  apple,  especially  nonbearing  trees,  are 
injured  by  the  first  generation  of  the  insect.  Potatoes  are  usually 
matured,  and  sometimes  harvested,  before  the  second  generation 
makes  its  appearance.  The  insect  leaves  apple  also  after  the  first 
generation  is  completed  and  disperses  to  late  plantings  of  beans 
and  to  the  more  succulent  weeds.  This  leaf  hopper  is  most  com- 
monly injurious  on  beans  in  the  Ozarks  because  successive  plantings 
of  this  crop  provide  tender  vegetation  during  most  of  the  season. 

DESCRIPTION  OP  THE  STAGES  OF  EMPOASCA  FABAE 

The  five  nymphal  instars  and  the  adult  are  shown  in  Figure  4. 


Egg  elongate,  subcylindrieal,  very  delicate,  slightly  curved  from  end  to  end, 
somewhat  rounded  at  both  ends,  but  more  so  at  the  anterior  end.    When  first 
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deposited  it  is  rather  transparent,  but  in  a  few  days  it  changes  to  a  pale  yellow 
while  a  small  white  cap  forms  at  the  anterior  end  through  which  the  red 
eyes  of  the  immature  nymph  are  perceptible.  Average  length  0.82  mm.,  width 
0.25  mm. 

THE  NYMPH 

First  instar. — Pale  white,  changing  to  a  light  yellowish  green  after  feeding. 
Eyes  dull  red.  Small  pale  spines  on  the  dorsal  side  of  the  head,  thorax,  and 
abdomen ;  the  latter  with  four  spines  to  each  segment  arranged  in  two  longi- 
tudinal rows  along  each  side,  one  spine  situated  dorso-laterally,  the  other  ventro- 
laterally.  Posterior  margin  of  metathorax  blunt.  First  two  segments  of 
antennae  pale,  the  remainder  dusky.     Average  length  1  mm. 

Second  instar. — General  color  light  yellowish  green.  Eyes  losing  some  of 
their  red  color.  Posterior  border  of  metathorax  sharp  in  outline.  First  two 
segments  of  antennae  light  yellow,  remainder  dusky.    Average  length  1.30  mm. 

Third  instar — General  color  pale  yellowish  green.  Eyes  almost  pearl  white. 
Body  more  robust  than  in  first  two  stages.  Wing  pads  appearing  as  lateral 
buds  extending  to  the  hind  margin  of  the  first  abdominal  segment.  Spines 
darker  and  more  prominent.    Average  length  1.85  mm. 

Fourth  instar. — Head  and  thorax  yellowish  green;  abdomen  yellow.  Eyes 
pearl  white.  Wing  pads  extending  to  hind  margin  of  second  abdominal 
segment.     Spines  prominent.    Average  length  2.1  mm. 

Fifth  instar. — Head  and  thorax  pale  green;  abdomen  yellow.  Wing  pads 
extending  to,  or  nearly  to,  the  hind  margin  of  the  fourth  abdominal  segment. 
First  two  antennal  segments  green,  remainder  dusky.  Body  broader  than  in 
previous  instar.    Average  length  2.6  mm. 

THE  ADULT 

General  color  pale  green;  face  with  a  white  median  longitudinal  line  in 
older  specimens  but  composed  of  a  series  of  white  spots  in  newly  transformed 
individuals;  median  line  extending  from  a  point  midway  between  the  ocelli  to 
a  point  half  the  distance  to  lower  margin  of  clypeus ;  two  short  white  diagonal 
bands  on  each  side  of  median  line,  the  lower  one  the  smaller;  a  short  white 
line,  often  merely  two  spots,  beyond  the  diagonal  and  just  above  the  antennae; 
a  faint  white  line  midway  between  the  ocellus  and  eye.  Antennae  1  mm.  in 
length,  arising  near  the  lower  frontal  border  of  the  eyes;  clypeus  one-third 
longer  than  broad;  lorae  narrow,  not  reaching  the  tips  of  clypeus,  concave 
below  eyes ;  genae  almost  as  long  and  half  as  broad  as  clypeus,  with  one  or  two 
faint  white  spots.  Vertex  dark  green,  with  a  median  white  line,  narrowest 
in  middle,  its  length  equal  to  distance  between  the  ocelli ;  a  white  band  on  each, 
side,  dorso-lateral  and  diagonal  to  median  line.  Two  ocelli  present,  marked  by 
two  white  spots  and  situated  on  frontal  margin  of  vertex,  their  distance  apart 
equal  to  twice  that  from  the  eye  to  the  ocellus ;  eyes  dull  white,  reddish  brown 
after  death.  Pronotum  pale  green,  hind  margin  very  pale,  with  eight  white 
spots  along  the  frontal  margin,  the  last  spot  at  each  end  small  and  often  fused 
with  the  one  next  to  it  so  as  to  form  only  six  spots;  mesonotum  with  two 
parallel  white  longitudinal  lines  centrally  located  and  connected  by  a  trans- 
verse one  in  the  form  of  a  letter  "  H,"  a  faint  white  diagonal  line  present  on 
each  lateral  margin ;  scutellum  small  with  a  large  white  triangular  area  in  the 
center'  and  a  small  spot  on  each  side  along  the  frontal  margin.  Abdominal 
segments  yellowish  green  with  transverse  yellow  stripes  on  their  hind  margins, 
anal  segment  dark  green.  Legs  gi'een,  tarsi  dusky  at  the  tips.  Sexual 
appendages  ciliated  in  both  sexes.    Average  length  3.12  mm. 

THE  GREEN  APPLE  LEAF  HOPPER* 

SYSTEMATIC  HISTORY 

According  to  Ball  (4,  p.  S97)  this  species  was  originally  described 
in  1862  by  Walsh  (P)  as  Chloroneura  vmligjia.  In  1898  Gillette 
{21^  p.  73~1)^  apparently  not  recognizing  Walsh's  maligna.)  described 

^  Enipoasca  maligna  (Walsh)  ;  order  Hemiptera,  family  Cicadellidae,  subfamily  Eup- 
teryginae. 


20        TECHNICAL  BULLETIN    2  6  3^   U.    S.   DEPT.    OF   AGRICULTURE 

the  insect  as  a  new  species  under  the  name  Empoasca  unicolor^ 
which  is  the  scientific  name  used  in  referring  to  this  species  by  later 
writers.  Ball  (4,  p.  599)^  in  1924,  stated  that  the  genus  Chloroneura 
is  a  synonym  of  Emposaca/^  and  this  species,  therefore,  takes  the 
scientific  name  Empoasca  maligna  (Walsh).  The  writers  have 
followed  Ball's  use  of  the  scientific  name. 

ECONOMIC  HISTORY  AND  FOOD  PLANTS 

This  insect  was  called  the  malignant  leaf  hopper  by  Walsh  in 
1862  {Jfl)^  because  this  was  one  of  two  species  which  were  supposed 
to  be  the  cause  of  fire  blight  on  apple  and  pear.  In  1909  Parrott 
{36^  p.  79)  mentions  Envpoasca  unicolor  as  one  of  the  three  species 
of  leaf  hoppers  occurring  on  apple  in  New  York.  Childs  (ii,  p.  ^), 
in  1918,  listed  this  species  as  numerous  in  Oregon  in  a  few  isolated 
orchards  but  not  widely  distributed  on  apple.  Lathrop  {23)  gave 
an  account  of  the  life  history  and  habits  of  this  leaf  hopper  on  apple 
in  1918.  Ball  (^,  p.  697),  in  1924,  published  an  article  on  this 
species  in  which  he  named  the  insect  "  the  apple  leaf  hopper." 

DISTRIBUTION 

The  green  apple  leaf  hopper  is  probably  a  native  species,  and  it 
appears  to  occur  in  most  of  the  apple  districts  of  the  United  States. 
Ball  (^,  p.  697)  states  that  it  is  distributed  from  the  Kocky  Moun- 
tains to  the  Atlantic.  Its  occurrence  on  the  Pacific  coast  is  recorded 
by  Childs  {11,  p.  ^),  in  addition  to  the  distribution  given  by  Ball. 

DESCRIPTION  OF  THE  STAGES  OF  EMPOASCA  MALIGNA 

The  description  of  the  o^gg  and  nymph  are  by  Lathrop  {23,  p  193), 
and  the  description  of  the  adult  is  by  Gillette  {21  p.  731), 

THE  EGG 

The  egg  is  deposited  in  the  bark  of  apple  and  was  found  to  occur  most 
abundantly  in  growth  of  the  previous  season.  .  .  .  The  blisters  and  eggs 
resemble  those  of  E.  rosae  but  are  slightly  larger. 

THE    NYMPH 

The  nymph  of  this  species,  as  with  the  preceding  form  [Empoasca  fahael, 
deepens  in  color  with  age.  The  final  instar  is  of  a  bright-green  color,  with 
the  anterior  portion  of  the  vertex,  the  sides  of  the  pronotum,  the  wing  pads, 
and  the  last  abdominal  segment  strongly  tinged  with  yellow.  A  rather  in- 
definite smoky  spot  is  apparent  on  each  side  near  the  middle  of  the  front 
margin  of  the  mesonotum ;  a  blackish  spot  occurs  on  each  side  of  the  posterior 
margin  of  the  mesonotum,  and  another  pair  is  placed  in  the  same  position 
on  the  metanotum.  A  stripe  of  dark  green  extends  along  the  dorsal  meson 
of  the  abdomen. 

THE    ADUI/T 

Color  varying  from  yellowish  to  greenish,  without  conspicuous  markings, 
3.5  mm.  long. 

Face  yellow  above,  without  markings,  shading  into  green  below,  the  length 
exceeding  the  breadth  by  about  one-fifth,  clypeus  exceeding  the  lorae  by  about 

"It  is  so  in  part,  as  pointed  out  by  McAtee  (28). 
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one-third  its  length,  considerably  constricted  below  its  base  and  rather  pointed. 
Vertex  almost  entirely  yellow  in  some  specimens  but,  in  all,  a  median  pale 
stripe  and  a  pale  or  bluish  blotch  next  each  eye  are  more  or  less  plainly 
visible.  In  some  specimens  there  are  also  a  pair  of  green  dots  a  little  before 
the  middle  of  the  vertex  and  rather  near  the  median  pale  line.  The  vertex 
is  not  at  all  produced,  its  length  is  contained  in  the  length  of  the  pronotum 
almost  exactly  twice,  and  in  the  breadth  of  the  head  about  3.7  times.  Prono- 
tum slightly  broader  than  the  head,  twice  as  wide  as  long,  yellowish  in  color 
but  more  or  less  tinged  with  green  posteriorly  and,  in  most  specimens,  a  small 
white  spot  can  be  seen  on  the  middle  of  the  anterior  margin.  Scutellum 
deeper  yellow  than  the  pronotum  and  with  a  pale  or  bluish  blotch  just  before 
the  apex,  which,  in  some  cases,  extends  forward  to  the  margin  of  the  pronotum. 
Elytra  a  golden  green,  the  coloration  stopping  a  little  before  the  cross  veins, 
the  tips  slightly  smoky.  Abdomen  yellowish  above  and  below,  the  last  ventral 
segment  of  the  female  having  two  deep  oblique  notches  or  slits  on  the  posterior 
margin  inclosing  a  stout  blunt  tooth  between  them.  Legs  greenish  yellow, 
tarsi  blue. 

REARING  METHODS 

In  studying  the  life  histories  of  the  species  of  leaf  hoppers  under 
discussion,  practically  all  data  were  obtained  under  outdoor  condi- 
tions by  rearing  the 
insects  in  the  insectary 
yard  on  small  apple 
trees  protected  from 
outside  infestation. 
Exceptions  to  this  pro- 
cedure were  the  rec- 
ords on  oviposition  by 
single  pairs  and  some 
of  the  experiments  on 
incubation,  which  were 
conducted  in  an  open 
insectary  on  caged 
apple  seedlings  and 
grafts  grown  in  8  and 
9  inch  pots. 

Records  on  incuba- 
tion and  oviposition 
were  obtained  from 
counts  of  nymphs 
which  emerged,  since  the  eggs  are  concealed  in  the  leaf  tissue  and  the 
act  of  egg  deposition  can  not  be  observed  with  accuracy. 

Temperatures  during  the  periods  of  development  were  taken  from 
a  thermograph  kept  in  a  standard  United  States  Weather  Bureau 
shelter  placed  among  the  trees  in  the  insectary  yard  and  from 
a  thermograph  in  the  insectary  shelter.  The  instruments  were 
checked  daily  with  maximum  and  minimum  thermometers  and  with 
an  accurate  centigrade  thermometer.  Mean  daily  temperatures 
were  derived  by  2-hour  readings  from  the  thermographs. 

Cube-shaped  cages  (fig.  10)  measuring  20  inches  each  way  were 
used  for  obtaining  records  on  incubation  and  on  the  longevity  of 
adults.  In  each  of  these  a  branch  of  a  young  tree  could  be  inclosed. 
These  cages  were  designed  to  furnish,  as  nearly  as  possible,  normal 
light  and  ventilation.  The  top  and  two  opposite  sides  were  covered 
with  muslin,  and  the  other  two  sides  were  of  glass.     The  hand 


Figure  10. — Cube-shaped  tree  cage  used  for  incubation 
and  longevity  records 


22        TECHNICAL   BULLETIN    26  3,    U.    S.    DEPT.    OF    AGRICULTURE 


could  be  put  into  the  cage  through  a  muslin  sleeve  in  the  bottom. 
Corner  legs  held  the  cages  about  6  inches  off  the  ground.  Modifi- 
cation of  this  cage,  by  the  addition  of  a  sleeve  in  one  of  the  muslin 
sides,  made  it  possible  to  fasten  the  cage  permanently  over  a  seedling 
tree.  When  it  was  found  desirable  to  cage  apple  twigs  at  some 
distance  above  the  ground  the  cages  were  set  on  wooden  frames 
which  could  be  made  any  desired  height. 

Celluloid  cylinder  cages  were  found  very  satisfactory  for  obtain- 
ing records  on  oviposition  and  incubation.  One  type  of  cage  (fig. 
11)  consisted  of  a  cylinder  7  inches  in  diameter  and  15  inches  high. 
The  lower  5  inches  and  the  upper  2  inches  of  this  were  made  of 
80-mesh  copper  screen.  The  central  section  was  of  sheet  celluloid 
which  lapped  over  the  wire  screen  about  1  inch  at  the  top  and 

bottom.  The  top  w^as 
of  muslin,  but  the 
lower  end  was  open 
so  that  the  cage  could 
be  set  down  over  a 
small  tree  in  an  8- 
inch  pot. 

These  cages  were 
put  together  over  cy- 
lyndrical  wooden 
forms,  and  the  over- 
lapping edges  were 
so  closely  fastened 
that  neither  nymphs 
nor  adults  could  pos- 
sibly escape.  They 
Avere  made  in  several 
sizes,  but  the  size 
just  described  proved 
very  convenient,  and 
it  was  found  that  the 
cages  with  a  diam- 
eter of  more  than  8 
inches  were  not  suf- 
ficiently rigid  for  use 
with  such  small  in- 


FiGURE  11. — Celluloid  cylinder  cages  in  position  over  potted 
apple  trees  in  which  life  histories  of  single  pairs  of  leaf 
hoppers  were  studied 


sects. 


By  confining  a  single  pair  of  adults  in  a  cage  of  this  type  it  was 
possible  to  study  the  life  history  from  the  time  of  hatching  until 
death,  under  practically  outdoor  conditions. 

The  presence  of  nymphs  could  be  detected  on  the  leaves  through 
the  celluloid  sides  and  the  beginning  of  the  hatching  period  noted. 
Each  day,  then,  after  the  daily  emergence  of  nymphs  was  completed 
the  cage  was  raised  and  the  adults  caught  in  glass  vials.  The 
nymphs  were  removed  and  counted,  and  the  adults  were  immediately 
returned  to  the  cage. 

For  incubation  records,  celluloid  cylinder  cages  (fig.  12)  were  made 
with  an  open  muslin  sleeve  sewed  to  the  screen  collars  at  each  end. 
They  could  be  placed  over  an  apple  twig  either  at  the  terminal  end 
of  the  twig  or  along  the  middle.     The  muslin  sleeve  was  tied  with 
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string  at  one  end,  and  the  adults  were  put  on  the  foliage  through  the 
other  end,  after  which  the  sleeve  at  that  end  was  also  fastened  with 
string.  By  shaking  the  adults  from  the  foliage  to  the  side  of  the 
cage  they  could  be  transferred,  cage  and  all,  daily  to  fresh  apple 
twigs,  and  successive  daily  incubation  records  could  be  obtained  with 
the  same  individuals. 

The  cages  in  which  nymphs  were  reared  to  determine  the  exact 
time  required  for  passing  through  the  various  nymphal  stages  were 
of  two  types,  both  of  which  were  used  throughout  the  entire  study. 
One  (fig.  13  at  right)  has  been  described  previously  by  Ackerman 
{1,  p.  8)  as  follows : 

A  piece  of  thin  sheet  cork 
was  cut  about  2  inches  square, 
in  the  center  of  which  a  1-inch 
square  hole  was  made.  White 
muslin  cloth  was  stretched 
tightly  over  one  side  of  the  corl; 
and  glued  fast  so  as  to  cover 
the  center  hole.  Heavy  wad- 
ding cut  to  the  shape  of  the 
cork,  but  leaving  the  center 
open,  was  glued  to  the  other 
side.  With  the  muslin  side  out, 
the  cage  was  then  placed  over 
a  newly  hatched  nymph  on  the 
lower  surface  of  a  leaf.  A 
square  of  stiff  cardboard  of 
the  same  size  as  the  cork  was 
placed  on  the  upper  side  of  the 
leaf,  and  the  cardboard,  leaf, 
and  cage  were  fastened  together 
by  paper  clips.  The  young 
nymph  within  the  cage  re- 
ceived ventilation  from  both 
sides,  through  the  porous  wad- 
ding and  through  the  muslin 
top.  The  leaf  tissue  was  pro- 
tected against  injury  by  the 
cardboard  on  its  upper  surface 
and  by  the  wadding  on  its 
lower  surface. 

The  other  type  of  cage 
(fig.  13,  at  left)  was  made 
of  a  celluloid  cylinder, 
about  4  inches  long  and  11/2 
inches  in  diameter,  capped 
with  muslin  at  one  end, 
and  on  the  other  end  fitted 

with  a  short  muslin  sleeve  which  could  be  slipped  over  a  leaf  and  tied 
to  the  petiole.  This  cage  had  the  advantage,  particularly  with  the 
older  instars,  of  permitting  observations  to  be  made  without  remov- 
ing it.  It  had  the  disadvantage,  on  account  of  its  size,  of  being 
subject  to  a  greater  wind  hazard,  and  on  several  occasions  a  large 
percentage  of  the  leaves  to  which  these  cages  were  attached  were 
broken  off.  Very  small  nymphs  were  frequently  lost  in  these  cages, 
probably  because  they  fell  off  the  leaves  upon  which  they  were  feed- 
ing and  could  not  get  back. 


Figure  12.- 


-Celluloid  cylinder  cage  used  for  record.s 
on  incubation 


24       TECHNICAL  BULLETIN    2  6  3^    U.    S.    DEPT.    OF   AGRICULTURE 


The  material  for  life-history  studies  was  collected  at  the  beginning 
of  the  season,  and  all  leaf  hoppers  used  in  the  studies  of  the  later 
generations  were  descendents  of  this  material.  The  three  species 
which  overwintered  as  adults  were  collected  and  caged  as  soon  as  they 
became  active  on  apple  foliage  in  the  spring.  It  was  necessary  to 
start  several  cages  of  reserve  material  in  the  early  spring  to  insure  a 
plentiful  supply  of  insects  of  known  ancestry.  The  two  species 
which  wintered  in  the  egg  stage  were  reared  from  nymphs  hatching 
in  the  early  spring. 

In  studying  the  life  history  of  single  pairs  in  confinement  plans 
were  made  to  carry  on  line-breeding  work.    It  was  necessary  to  alter 

these  plans  during  the 
course  of  the  work,  how- 
ever, when  it  became  evi- 
dent that  males  and  females 
Avhich  hatched  on  the  same 
day  did  not  always  pro- 
duce offspring.  Several 
cage  experiments  of  single 
pairs  on  potted  plants  were 
failures  during  the  season's 
work  because  mating  and 
reproduction  did  not  take 
place.  For  this  reason,  rec- 
ords were  not  available  of 
the  progeny  of  the  first  and 
last  individuals  of  each 
generation  in  all  cases,  so 
the  exact  extremes  of  the 
generations  were  not  de- 
termined. Nevertheless, 
enough  experiments  proved 
successful  for  sufficient  evi- 
dence to  be  secured  on  the 
range  of  the  developmental 
periods  of  the  different 
stages  throughout  the  sea- 
son. 

Determinations  of  the 
limits  of  the  generations 
were  based  on  life  histories 
of  single  pairs  in  cages,  on 
reserve  material  used  for 
some  of  the  data  on  duration  of  nymphal  stages,  and  on  the  progeny 
of  the  longevity  cages.  All  this  material  was  of  known  ancestry,  so 
there  was  no  chance  of  any  confusion  in  the  generation  studies. 

COMPARISON  OF  LIFE  HISTORIES 

The  life-history  studies  cover  rearing  records  for  individuals  of 
three  generations*^ of  Erythroneura  obliqua^  E.  maculata^  and  Empo- 
asca  fabae^  two  generations  of  Typhlocyha  pomaria^  and  one  genera- 
tion of  Empoasca  maligna.  The  first  three  species  hibernate  as  adults 
and  the  last  two  in  the  egg  stage. 


Figure  13. — Types  of  cages  used  for  rearing 
nymphs :  At  left,  a  celluloid  sleeve  cage  inclosing 
an  apple  leaf;  at  right,  a  cork-sheet  cage,  open, 
and  in  position  over  leaf 
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LONGEVITY 

Eecords  of  adult  longevity  of  the  different  species  are  given  in 
Table  1.  The  data  on  the  overwintered  generation  of  the  three  spe- 
cies in  the  table  cover  the  period  only  from  the  time  of  appearance  of 
the  leaf  hoppers  on  apple  in  the  spring.  It  will  be  noted  from  the 
table  that  longevity  of  adults  of  the  first  two  species  is  considerably 
greater  than  that  of  the  other  three.  Eri/fhroneura  ohJiqua  and  E, 
maculata  adults  live  and  feed  during  a  very  long  period. 

Table  1. — Longevity  records  of  the  advUs  of  pre  species  of  apple  leaf  hoppers, 
showing  the  range  and  average  period  for  the  sexes  and  generations,  Benton- 
ville.  Ark.,  1925 


Generation 

Longevity 

Sex 

Species 

Range 

Average 
period 

^lale 

Female 

f  Overwintered   . 

Days 
16-101 
i&-  80 
23-193 
22-191 
14-168 
9-151 

13-  90 

14-  88 
17-196 
15-194 
15-156 
13-151 

6-  85 
6-  62 

3-  80 

4-  43 

5-  55 

4-  33 

5-  41 

6-  35 
8-M 

10-66 
12-42 
5-  32 

Days 
40.5 
34.1 
69.2 
52.0 
45.0 
47.0 
60.1 
46.4 
61.6 
50.7 
66.5 
48.7 
29.2 
24.3 
18.0 
12.8 
23.5 
15.4 
29.1 
18.8 
24.5 
34.2 
27.5 
22.3 

Number 

Number 
68 

....do  

41 

Erythroneura  obliqua 

First 

30 

....do 

30 

Second 

55 

....do 

56 

f  Overwintered 

99 

....do 

42 

First 

58 

....do 

79 

Second.-  ...... 

48 

do  .  . 

33 

Overwintered  i  .  ... ... 

98 

--do..- 

25 

_, 

First 

117 

....do..- 

43 

Second 

49 

....do 

22 

First 

79 

.—do 

154 

Second 

105 

--do 

/First 

39 

75 

I— do 

70 

1  Counting  only  from  time  of  appearance  on  apple. 

OVIPOSITION 

Data  on  oviposition  by  single  pairs  of  Erythroneura  ohliqua  and 
E.  maxiuLata  appear  in  Table  2.  Records  on  oviposition  by  females 
of  the  other  three  species  were  rather  fragmentary. 

Table   2. — CompaHson   of   oviposition    hy   segregated    i>ai/:s    of   Erythroneura 
obliqua  and  E.  maculata,  BentonriUe,  Ark.,  1925 


Species 

Pairs 

Preoviposi- 
tion  period 

Oviposition 
period 

Postoviposi- 
tion  period 

Oviposition  rate 

Generation 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Aver- 
age 

Range 

Average 

Total 

Per 
day 

Overwintered 

(Obliqua 

{Maculata.... 

(Obliqua 

{Maculata 

(Obliqua 

[Maculata 

Num- 
ber 
9 
8 
3 
5 
4 
5 

Days 

Days 

Days 
24-41 
25-41 
21-35 
9-44 
8-26 
5-16 

Days 
36.4 
36.5 
28.3 
28.3 
17.5 
11.4 

Days 
0-25 
0-24 
0 

1-61 
0-21 
2-6 

Days 
12.6 

9.8 

0 
23.3 

6.8 

5.4 

Num- 
ber 
22-117 
29-114 
39-95 
15-172 
13-71 
6-27 

Num- 
ber 
74.8 
64.6 
65.3 
89.0 
33.5 
20.2 

Num- 
ber 
1  9 

1  7 

First 

7-8 
5-8 
9-11 
8-17 

7.7 
6.7 
10.0 
11.0 

2.5 

2.7 
1.9 

2.3 
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In  the  case  of  Empoasca  fabae-  much  difficulty  was  encountered 
in  securing  records  because  of  the  severe  injury  caused  to  plants 
by  the  continued  confinement  of  adults.  Considerable  variation  oc- 
cured  in  the  duration  of  the  oviposition  period  and  in  the  number  of 
eggs  deposited  by  this  species.  For  11  individual  pairs,  the  period 
ranged  from  3  to  61  days,  while  the  laying  rate  ranged  from  0.4 
to  2.6  eggs  daily.  DeLong  {13)  reports  an  average  preoviposition 
period  for  90  pairs  of  E.  fabae  of  6.2  days  during  one  season  and 
during  a  second  season,  on  the  basis  of  observation  of  50  pairs  of 
leaf  hoppers,  of  6.1  days.  He  also  reported  a  high  egg  record  of 
226  eggs  deposited  during  47  days,  an  average  rate  of  4.8  eggs  daily. 

Several  experiments  on  oviposition  by  first-brood  adults  of  T.  po- 
Tnaria  were  a  failure  because  of  the  loss  of  foliage  in  which  the  eggs 
were  deposited.  The  incubation  period  of  summer  eggs  of  this 
species  was  very  prolonged,  and  the  leaves  on  the  plants  became 
infected  with  mildew  before  hatching  occurred.  Exact  records  on 
oviposition  were  not  secured  because  of  the  difficulty  of  observing 
actual  deposition  of  eggs  and  because  of  the  length  and  irregularity 
of  the  incubation  period.  The  mean  period  from  transformation 
to  mating  for  six  pairs  of  first-brood  adults  in  1928  was  6.2  days, 
and  the  range  in  total  number  of  eggs  developing  was  from  42  to 
114,  with  a  mean  of  76.T.  No  data  were  secured  on  the  number  of 
winter  eggs  deposited. 

Oviposition  by  E.  maligna  occurs  during  May  and  June.  The 
eggs  are  placed  under  the  bark  in  young  wood,  and  hatching  takes 
place  the  following  spring.  The  females  of  five  pairs,  in  1925, 
deposited  an  average  of  32.3  winter  eggs  each. 

INCUBATION   PERIOD 

The  duration  of  the  incubation  period  for  the  five  species  is  shown 
in  Table  3-  Within  a  species  temperature  appears  to  be  the  only 
factor  which  influences  the  duration  of  the  incubation  period.  The 
records  cover  eggs  for  all  generations,  but  only  in  the  case  of  Em- 
poasca fdbae  were  a  representative  number  of  eggs  observed.  Even 
for  this  species  data  were  not  obtained  covering  the  very  early-sea- 
son eggs  which  were  laid  during  periods  of  very  low  temperature. 

Table  3. — Duration  of  incubation  period  of  five  species  of  apple  leaf  hoppers, 
showing  the  range,  average  period,  and  mean  temperature,  Bentonville,  Ark. 


Species 


Erythroneura  obliqua 

Erythroneura  maculata 

Empoasca  fabae 

lyphlocyha  pomaria  (winter  eggs).. 
7  yphlocyba  pomaria  (summer  eggs) 
Empoasca  maligna 


Year 


1925 
1925 
1928 
1925 
1925 
1925 


Range 


Days 
10-19 
11-19 
6-15 

201-213 
63-86 

323-338 


Average 
period 


Mean  tem- 
perature 


Days 

°F. 

16.  0±0.  03 

74.  fi=hO 

12 

14.  9±  .  04 

73.  9± 

12 

8. 1±  .  01 

75.7d= 

02 

205 

74  6 

330- 

Obersva- 
tions 


Number 
1,049 
929 
5,682 
86 
281 
147 


NYMPHAL  DEVELOPMENT 


The  duration  of  the  nymphal  instars  and  the  total  nymphal  period 
appear  in  Tables  4  and  5,  respectively.     Observations  on  molting 
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were  made  daily,  usually  by  10  a.  m.  It  was  found  that  virtually  all 
the  nymphs  molted  in  the  morning,  with  the  exceptions  of  nymphs 
reared  very  early  in  the  season,  when  low  temperatures  prevailed.  In 
these  cases  molting  took  place  later  in  the  day.  The  temperatures 
were  taken  from  thermographs  kept  in  Weather  Bureau  shelters 
among  the  trees  where  the  work  was  conducted.  The  daily  mean 
temperature  from  10  a.  m.  to  10  a.  m.  was  derived  by  2-hour  readings 
from  the  thermograph.  Maximum  and  minimum  thermometers  as 
well  as  a  centigrade  thermometer  registering  to  0.1°  were  used  to 
check  the  accuracy  of  the  thermograph. 

Under  comparable  varying  temperatures  under  outdoor  conditions, 
it  was  apparent  that  Empoasca  fahae  nymphs  of  the  several  instars 
completed  development  more  rapidly  than  those  of  any  of  the  other 
species. 

Table  4. — Duration  of  nymphal  instars  of  five  species  of  apple  leaf  hoppers, 
showing  the  range,  average  period,  and  mean  temperature,  Bentonville,  Ark. 


Instar 

Range 

Average 
period 

Mean  tem- 
perature 

Obser- 
vations 

Instar 

Range 

Average 
period 

Mean  tem- 
perature 

Obser- 
vations 

ERYTHRONEURA  OBLIQUA,  1925 

ERYTHRONEURA  MACULATA,  1925 

First 

Second 

Third 

Fourth..... 
Fifth 

Days 
3-7 
3-7 

2-7 
2-7 
3-9 

Days 

4.  5±0. 03 
3.  5±  .  04 
3.4±  .03 
3.  7±  .  04 

5.  8±  .  05 

op 

74.  5±0.  20 

75.  6±  .  20 
76. 4±  .  16 

76.  7±  .  13 
76. 4±  .  13 

Number 
359 
347 
330 
324 
315 

First 

Second 

Third 

Fourth 

Fifth 

Days 
2-7 
2-7 
2-6 
2-6 
3-8 

Days 

4.  6±0. 05 
3.  4±  .  04 
3.  2±  .  03 
3.  5±  .  03 

5.  4±  .  04 

°F. 

74.  0±0.  23 

75.  9±  .  20 

77.  5±  .  13 
77.  5=b  .  07 
77.  4±  .  07 

Number 
326 
321 
311 
303 
293 

EMPOASCA  FABAE,  1925 

TYPHLOCYBA  POMARIA,  1928 

First 

Second 

Third 

Fourth 

Fifth 

1-7 
1-7 
1-6 
1-7 
1-9 

3.  3±0.  05 
2.7=b  .04 
2.6±  .05 
2.  7±  .06 
4.0±  .08 

70.  4±0.  31 
73.  3±  .  32 

75.  0±  .  32 

76.  7±  .  31 

77.  7±  .  27 

319 
278 
216 
181 
167 

First 

Second 

Third 

Fourth.... 
Fifth 

2-9 
2-6 
2-6 
2-6 
4-10 

4.  5±0.  06 
3.4±  .03 
3.  5±  .  03 
3.8±  .03 

5.  9±  .  04 

70.  0±0.  32 

71.  8±  .22 

71.  3±  .  22 

72.  0±  .  18 
70.  7±  .  16 

451 
434 
422 
410 
380 

EMPOASCA  MALIGNA,  1925 

EMPOASCA   MALIGNA,  1929 

First 

Second 

Third 

Fourth 

Fifth 

3-5 

2-9 

2-9 

5-11 

7-12 

4.  4±0.  03 
3.  7±  .  13 

5.  4±  .  14 

8.  7±  .  12 

9.  2±  .  10 

71. 1±0. 16 
71.  1±  .41 
67.  0d=  .45 
57.  9±  .  29 
64.  8±  .  13 

114 
109 
102 

87 
86 

First. 

Second.... 

Third 

Foiu-th 

Fifth 

8-12 
5-10 
4-10 
4-10 
6-12 

9.  4±0.  04 
7.6±  .05 
7.  7±  .  09 
6.6±  .07 
10.  4±  .  08 

56.  8±0.  05 

57.  7±  .  09 

58.  8±  .  18 
63. 0±  .  14 
63. 1±  .  14 

132 
129 
129 
125 
118 

Table  5. — Duration  of  the  nymphal  period  of  five  species  of  apple  leaf  hoppers, 
shoicing  the  range,  average  period,  and  mean  temperature,  Bentonville,  ArTc. 


Species 


Erythroneura  obliqua.. 
Erythroneura  maculata 

Empoasca  fabae 

Empoasca  maligna 

Typhlocyba  pomaria... 
Typhlocyba  pomaria... 


Year 


1925 
1925 
1925 
1925 
1925 
1928 


Range 


Days 
14-29 
14-28 
9-30 
24-33 
15-28 
15-31 


Average 
period 


Days 
20.7dzO.  11 
19.  8±  .08 
14. 8±  .24 
29.  3±  .  19 
19. 8±  .  15 
21. 1±  .  16 


Mean  tem- 
perature 


°F. 
75. 0±0. 12 


75.  5± 
74.3db 
62.  6± 
72.3dz 
70.  5± 


Obser- 
vations 


Number 
306 
293 
167 
74 
154 
380 
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COMPARISON  OF  SEASONAL  HISTORIES  AND  HABITS 

ERYTHRONEURA  OBLIQUA  AND  E.  MACULATA 

The  oblique-striped  and  the  red-spotted  apple ,  leaf  hoppers,  like 
other  species  of  the  genus  Erythroneura,  hibernate  in  the  adult 
state,  under  dead  leaves,  vegetation,  or  any  trash  accumulated  around 
an  orchard.  During  the  warm  days  of  late  winter  and  early  spring 
the  adults  become  active  and  may  fly  up  in  swarms  if  the  leaves 
under  the  trees  are  disturbed.  They  disperse  to  apple  trees  just 
as  soon  as  the  young  leaves  are  formed  and  feed  on  the  foliage 
several  weeks  before  eggs  are  laid. 

Eggs  of  both  species  are  deposited  in  the  under  surfaces  of  leaves 
beneath  the  lower  epidermis.  Both  nymphs  and  adults  feed  on  the 
under  sides  of  the  leaves.  They  prefer  mature  leaves  on  the  lower 
branches  of  trees. 

Mating  by  overwintered  adults  takes  place  shortly  after  their 
appearance  on  apple.  Mating  previous  to  the  dispersal  to  apple 
is  rather  rare,  although  one  pair  was  taken  in  coitu  on  March  11 
and  another  pair  on  March  22  while  still  hidden  under  leaves  in  an 
orchard.  Copulation  by  adults  of  the  first  and  second  generations 
usually  occurs  from  5  to  15  days  after  transformation  to  the  adult 
stage. 

Most  of  the  overwintered  adults  die  by  the  end  of  May,  after  the 
first  nymphs  have  appeared,  although  a  few  stragglers  live  as  late 
as  July,  when  first-generation  adults  are  present  in  large  numbers. 
The  first-generation  nymphs  are  most  abundant  in  early'  June. 
First-generation  adults  live  for  a  long  period,  a  few  individuals 
remaining  alive  until  the  latter  part  of  December.  After  the  middle 
of  July  first-generation  and  second-generation  adults  may  be  present 
on  apple  at  the  same  time.  In  September,  and  later,  adults  of  the 
first,  second,  and  third  generations  may  occur  together  in  the  field. 
The  overlapping  of  the  adult  periods  of  the  different  generations 
results  from  the  presence  of  early  and  late  hatching  individuals  and 
the  long  life  of  the  adults.  The  overlapping  of  the  generations, 
however,  is  not  marked  until  late  in  the  season.  The  characteristic 
feature  of  the  life  history  of  these  two  species  is  the  extreme  lon- 
gevity of  adults  of  all  generations. 

Late  nymphs  of  the  first  generation  may  be  found  on  apple  at  the 
time  the  earlier  individuals  of  the  second  generation  appear. 
Nymphs  of  the  second  generation  are  seen  from  the  first  of  July 
until  the  last  of  August,  and  they  are  present  in  greatest  numbers 
about  August  1.  Third-generation  nymphs  hatch  from  the  middle 
of  August  until, late  in  September.  Considerable  overlapping  of  the 
second-generation  and  third-generation  nymphs  occurs  in  August 
and  September. 

These  two  leaf  hoppers  have  two  complete  generations  and  part 
of  a  third  generation  at  Bentonville,  Ark.  Second-generation  adults 
which  transform  before  the  middle  of  August  produce  a  partial  third 
generation.  The  daily  oviposition  rate  of  these  second-generation 
females  is  just  as  regular  as  in  the  case  of  females  of  the  earlier 
generations,  but  the  period  of  laying  is  shortened,  owing  to  the 
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approach  of  cold  weather,  so  the  total  number  of  eggs  deposited 
is  smaller.  Second-generation  adults  which  mated  and  produced  a 
third  generation  showed  no  tendency  to  hibernate,  as  they  all  died 
soon  after  oviposition  ceased. 

Second-generation  adults  which  transformed  after  the  middle  of 
August  did  not  mate  or  produce  any  progeny  in  cages.  The  life 
of  these  second-generation  females  which  did  not  reach  sexual  ma- 
turity during  the  fall  was  very  much  prolonged.  It  is  presumed 
that  these  late-transforming  second-generation  adults  overwinter. 

The  third-generation  nymphs  transform  to  adults  during  Septem- 
ber and  October,  and  after  feeding  for  a  short  period  these  adults 
seek  hibernation  quarters  late  in  October. 

Figure  14  shows  the  periods  during  which  the  adults  and  imma- 
ture stages  of  the  various  generations  of  the  two  species  of  Erythro- 
neura  were  present  in  the  orchards  in  1925. 

TYPHLOCYBA  POMARIA 

The  white  apple  leaf  hopper  has  two  generations  each  year  in 
Arkansas,  with  no  overlapping  of  the  active  stages  of  the  two  genera- 
tions. Adults  of  the  first  or  spring  generation  all  die  before  the 
appearance  of  nymphs  of  the  second  or  late  summer  generation. 

The  insect  hibernates  in  the  egg  stage.  The  winter  eggs  are  laid 
singly  under  the  bark  of  the  young  wood  during  the  early  fall,  and 
they  appear  on  the  twigs  as  tiny  raised  blisters,  usually  concentric  in 
form.  Eggs  for  the  second  generation  are  deposited  in  May  and  June 
in  the  leaf  tissues  of  the  undersides  of  the  lower  leaves.  The  creamy 
white  nymphs  and  adults  of  both  generations  feed  on  the  lower  sides 
of  the  older  leaves  during  their  entire  life.  Their  attack  is  confined 
almost  entirely  to  the  lower  parts  of  the  trees. 

The  eggs  that  are  to  overwinter  are  deposited  in  the  latter  part  of 
September  and  during  October.  These  eggs  hatch  during  a  period  of 
approximately  two  weeks  about  the  middle  of  April  of  the  following 
year.  The  majority  of  the  eggs  hatch  within  a  period  of  about  four 
days. 

At  Bentonville,  in  1925,  first-generation  nymphs  were  found  on 
apple  from  April  10  to  May  28,  and  the  adults  of  this  generation 
were  present  from  April  24  to  June  12.  The  first  summer  eggs  were 
deposited  about  May  5,  and  hatching  occurred  from  July  22  to  Sep- 
tember 15.  From  June  12  to  July  22  no  active  stages  of  the  insect 
were  present  either  in  cages  or  in  the  field.  Second-generation 
nymphs  or  adults  were  present  on  apple  from  July  22  to  November  2. 

Both  generations  of  the  white  apple  leaf  hopper  have  very  long 
egg  stages  and  a  comparatively  short  nymphal  and  adult  stage.  In 
more  northern  fruit  districts  the  summer  egg  stage  is  considerably 
shorter  than  in  Arkansas.  At  West  Chester,  Pa.,  for  instance,  the 
incubation  period  for  summer-brood  eggs  ranged  in  1916  from  23  to 
27  days  (i,  p.  25) ,  and  either  nymphs  or  adults  were  present  on  apple 
throughout  the  summer  months.  A  diagram  of  the  generations  of 
this  species  is  given  in  Figure  14,  in  which  the  solid  lines  represent 
actual  cage  records,  and  the  hatched  lines  indicate  records  determined 
by  careful  field  observations. 
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EMPOASCA  FABAE 


The  potato  leaf  hoppers  pass  the  winter  as  adults  which  become 
active  ir  the  spring  about  the  middle  of  April.    They  feed  first  on 
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Figure  14. — Comparative  representation  of  the  seasonal  histories  of  the  five  species 
of  apple  leaf  hoppers  at  Bentonville,  Ark.,  in  1925,  showing  the  extension  of  the 
overwintering  stages  into  1926 


grasses  and  tender  weeds  such  as  curly  dock,  and  a  few  days  later 
they  may  be  found  on  apple  in  scant  numbers.    The  insects  do  not 
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become  abundant  on  their  preferred  host  plants,  however,  until  the 
"  spring  flight  "  takes  place.  At  this  time  the  adults  migrate  in  large 
numbers  within  the  period  of  less  than  a  day  to  apple  and  other 
hosts,  and  egg  laying  commences  at  once.  Mating  apparently  occurs 
prior  to  this  migration,  as  females  are  sexually  mature  when  they 
arrive  on  their  favored  host  plants. 

At  Bentonville,  in  1925,  the  spring  flight  occurred  on  the  after- 
noon of  May  8.  It  is  probable  that  a  change  in  temperature  and 
humidity  as  well  as  sexual  maturity  had  some  influence  in  timing 
this  migration.  The  morning  of  May  8  was  cool,  with  a  gentle 
rain  falling.  In  the  afternoon  the  rain  stopped,  and  warm  humid 
weather  prevailed.  For  several  hours  during  this  time  the  adults 
were  observed  migrating  to  apple  and  beans  in  large  numbers. 

Fenton  and  Hartzell  (U,  p.  393)  noted  a  similar  spring  migra- 
tion by  this  insect  to  potato  at  Ames,  Iowa,  on  June  6,  1919,  on 
June  27,  1920,  and  on  June  17, 1921. 

The  eggs  of  this  species  are  deposited  in  the  veins  and  petioles 
of  the  new  leaves.  The  nymphs  and  adults  are  very  active.  They 
feed  on  the  undersides  of  the  tender  terminal  leaves,  but  after  the 
completion  of  the  first  generation  on  apple  the  terminal  foliage 
usually  bcomes  too  woody  to  suit  the  insect,  and  large  numbers  of 
adults  disperse  to  more  tender  host  plants. 

Three  generations  of  E.  fahae  were  reared  at  Bentonville  in  1925. 
Fenton  and,  Hartzell  (i^,  p.  393^9 J^)  show  that  there  are  two  gen- 
erations on  potato  at  Ames,  Iowa,  the  first  generation  of  nymphs 
appearing  in  1920  from  late  June  to  the  first  part  of  August.  At 
Bentonville,  on  the  other  hand,  in  1925  the  first  nymphs  of  the 
season  emerged  on  May  1,  and  the  majority  of  the  fiVst-generation 
nymphs  transformed  to  adults  by  the  middle  of  June,  though  some 
were  present  for  a  month  longer. 

Nymphs  of  the  second  generation  hatch  from  the  last  of  June  to 
the  first  week  in  August,  and  they  are  most  abundant  during  the 
first  two  weeks  in  July.  Third-generation  nymphs  hatch  during 
August  and  September.  Nymphs  of  only  the  first  generation 
appear  in  sufficient  numbers  on  apple  to  cause  injury.  Nymphs 
of  the  later  generations  are  found  in  greater  abundance  on  more 
succulent  host  plants  than  apple. 

Migration  of  this  species  from  cultivated  plants  to  tender  weeds 
takes  place  in  the  late  summer.  This  migration  occurs  over  a  longer 
period  than  the  spring  flight.  During  the  late  summer  migration 
the  adults  may  be  found  in  abundance  swarming  about  electric 
lights,  especially  on  nights  when  the  temperature  and  humidity  are 
very  high.  There  have  been  occasional  reports  of  swarms  of  E. 
fahae  appearing  at  lights  on  evenings  in  late  summer  at  various 
localities  in  the  country.  Swarming  undoubtedly  occurs  during  the 
time  of  .dispersal  from  field  crops  to  weeds  and  other  vegetation. 
At  Bentonville  the  swarming  of  adults  at  lights  on  a  night  in  late 
summer  has  been  observed  during  several  seasons. 

Late  in  the  summer  the  adults  of  the  last  generation  disperse 
from  the  economic  host  plants  to  feed  on  more  succulent  weeds  before 
they  finally  disappear.  Even  though  diligent  search  has  been  made 
in  all  kinds  of  cover  where  other  leaf  hoppers  hibernate,  no  speci- 
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men  of  this  species  has  been  collected  in  hibernation  in  the  Ozarks. 
The  insects  remain  in  hibernation  for  a  period  of  from  five  to  six 
months. 

In  cages  the  life  cycle  of  the  first  generation  averaged  53  dsLjs, 
that  of  the  second  generation  29  days,  and  that  of  the  last  genera- 
tion, which  includes  hibernating  adults,  about  eight  to  nine  months. 

A  diagram  of  the  occurrence  of  the  adults  and  immature  stages 
of  the  generations  of  E.  fabae  appears  in  Figure  14. 

EMPOASCA  MALIGNA 

There  is  one  generation  a  year  of  the  green  apple  leaf  hopper  with 
hibernation  taking  place  in  the  egg  stage.  At  Bentonville  the  eggs 
are  deposited  in  May  and  June,  and  the  remainder  of  the  growing 
season  and  the  winter  are  spent  in  this  stage.  The  eggs  are  laid 
under  the  bark  of  young  apple  twigs,  being  found  most  abundant 
in  the  second  and  third  year's  growth.  They  resemble  the  eggs  of 
the  white  apple  leaf  hopper,  but  they  are  slightly  larger  than  the 
latter. 

The  nymphs  which  hatch  from  the  overwintered  eggs  in  April 
are  always  found  on  the  undersides  of  the  older  leaves  of  the  trees. 
This  species  produces  the  came  type  of  injury  to  foliage  as  that 
caused  by  all  other  species  except  the  potato  leaf  hopper.  The  green 
apple  leaf  hopper,  how^ever,  unlike  the  other  species,  confines  its 
attack  largely  to  the  outer  border  of  the  leaves.  Nymphs  are  pres- 
ent on  apple  for  a  period  of  only  about  six  weeks  during  the  year, 
from  about  the  middle  of  April  until  the  last  of  May. 

Adults  of  E.  77ialigna  are  present  in  the  lower  parts  of  trees  for 
a  period  of  about  two  months  from  the  first  of  May  to  the  first  of 
July,  though  a  few  stragglers  may  be  found  throughout  the  month 
of  July.  The  majority  of  the  adults,  however,  die  by  the  middle  of 
June.  The  longevity  of  the  species  in  captivity  averaged  less  than 
a  month.  From  July  until  the  following  April  no  active  stages  of 
this  leaf  hopper  have  been  found  on  apple  or  on  any  other  plant  in 
the  Ozarks.  In  western  New  York,  on  the  other  hand,  Lathrop 
{23^  f.  191)  reports  that  adults  of  this  leaf  hopper  are  present  on 
apple  from  the  first  week  of  July  until  late  fall,  when  eggs  are 
deposited  in  the  bark. 

A  diagram  of  the  seasonal  history  of  E.  mMigna  is  shown  in 
Figure  14. 

NATURAL  ENEMIES 

The  natural  enemies  of  apple  leaf  hoppers  seldom  occur  in  suffi- 
cient abundance  to  hold  these  insects  in  check.  Among  predators, 
spiders,  mites,  pentatomids,  and  assassin  bugs  have  been  observed 
attacking  nymphs  and  adults  occasionally.  Chrysopid  and  coccinellid 
larvae  and  numerous  species  of  birds  also  attack  leaf  hoppers. 

The  most  important  predator  on  any  of  the  leaf-hopper  species 
is  the  glossy-winged  soldier  bug,  Hyaliodes  vitHpennis  Say.  Both 
nymphs  and  adults  of  this  predator  attack  nymphs  of  Typhlocyha 
fomaHa  in  large  numbers,  especially  late  in  the  summer.  Triphteps 
insidiosus  Say  is  a  rather  common  predator  of  Einpoasca  fabae  and 
E.  maligna. 
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Hymenopterous  parasites  of  eggs  and  adults  are  important  enemies 
of  some  species.  Anagi'us  epos  Girault  and  A.  o/rmatus  var.  nigri- 
ventris  Girault,  parasites  of  the  winter  ^gg  of  the  white  apple  leaf 
hopper,  were  abundant  at  West  Chester,  Pa.,  in  1916.  These  para- 
sites have  been  reared  from  winter  eggs  of  this  leaf  hopper  collected 
in  a  number  of  States,  and  they  very  likely  occur  in  Arkansas. 

Aphelopus  alhopictus  Ashm.  has  been  observed  in  the  act  of  ovi- 
positing in  the  abdomen  of  nymphs  of  the  potato  leaf  hopper  at  West 
Chester,  Pa. 

The  most  effective  parasite  of  the  leaf  hoppers  at  Bentonville, 
Ark.,  in  1925  was  Aphelopus  comesi  Fenton.  This  dryinicl  para- 
site was  sufficiently  abundant  to  reduce  materially  the  numbers  of 
second-brood  adults  of  the  red-spotted  apple  leaf  hopper.  Dryi- 
nids  were  also  found  on  the  oblique-striped  leaf  hopper,  but  this 
species  was  rather  free  of  parasites  as  compared  with  the  red-spotted 
leaf  hopper.  Parasitism  of  the  potato  leaf  hopper  and  of  the  white 
apple  leaf  hopper  by  dryinids  was  very  rare  in  Arkansas. 

CONTROL  MEASURES 

Experiments  for  the  control  of  the  oblique-striped  and  red-spotted 
apple  leaf  hoppers,  the  two  species  of  Erythroneura,  were  conducted 
at  Bentonville,  Ark.,  during  the  seasons  of  1920,  1921,  1924,  and  1927. 
The  seasonal  history  of  those  two  species  is  so  nearly  alike  that  a 
single  spray  treatment  is  effective  against  the  nymphs  of  both  species. 

All  sprays  were  applied  with  power  sprayers  which  maintained  a 
pressure  of  225  to  250  pounds.  Spray  rods  with  double  angle 
nozzles  were  used;  and  the  spray  solution  was  directed,  as  far  as 
possiJDle,  against  the  underside  of  the  leaves  where  the  nymphs  feed. 
The  insecticides  used  in  the  sprays  for  control  of  leaf  hoppers  were 
combined  with  one  of  the  regular  scheduled  summer  sprays  in  which 
Bordeaux  mixture  and  lead  arsenate  were  used  to  control  fungous 
diseases  and  the  codling  moth.  An  exception  to  this  procedure 
occurred  in  the  experiments  of  1921,  when  no  lead  arsenate  was 
necessary,  because  of  the  failure  of  the  crop  that  season. 

For  the  dust  applications  a  power  dusting  machine  was  used,  and 
the  dusting  was  done  in  the  evening  on  calm  days. 

In  the  experiments  of  1920  and  1921  counts  were  made  of  the  num- 
ber of  nymphs  alive  on  800  leaves  from  each  plat  after  the  spray 
solution  had  had  sufficient  time  to  act.  The  percentage  of  nymphs 
killed  by  the  sprays  was  then  figured.  The  scoring  of  results  in 
1924  and  1927  was  done  by  counts  of  a  number  of  leaves  from  each 
plat  showing  the  number  of  live  nymphs  per  leaf  surviving  the 
treatments. 

No  experiments  were  attempted  for  the  control  of  the  white  apple 
leaf  hopper,  the  potato  leaf  hopper,  or  the  green  apple  leaf  hopper. 
These  species,  especially  the  last  two,  are  not  usually  of  sufficient 
importance  to  justify  a  spray  treatment.  When  the  white  apple  leaf 
hopper  occasionally  becomes  abundant  enough  to  require  a  spray  for 
its  control,  the  insecticides  which  will  control  the  species  of  Erythro- 
neura may  be  used  effectively.  If  directed  against  first-brood 
nymphs  of  the  white  apple  leaf  hopper,  however,  the  spray  should 
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be  applied  from  four  to  six  weeks  earlier  than  for  the  two  species 
of  Erythroneura,  because  of  the  difference  in  time  of  the  nymphal 
infestation. 

Spraying  experiments  for  the  control  of  first-brood  nymphs  of 
Erythroneura  dhliqiia  and  E,  maculata  were  conducted  at  Benton- 
vilie  in  1920  on  a  block  of  Ben  Davis  trees.  The  trees  selected  for 
spraying  were  very  large  and  had  been  pruned  in  such  a  manner  that 
the  lower  limbs  touched  the  ground.  This  method  of  pruning  pro- 
duced a  dense  shade  under  the  trees  which  afforded  ideal  conditions 
for  a  heavy  leaf  hopper  infestation. 

The  spray  application  was  made  on  June  15,  when  the  majority  of 
the  nymphs  had  attained  the  third  stage  of  development.  Nicotine 
sulphate,  at  a  strength  of  1-1,600  added  to  Bordeaux-lead  arsenate, 
and  the  same  mixture  with  the  addition  of  laundry  soap,  one-half 
pound  to  50  gallons,  were  tested.  The  counts  of  nymphs  showed  92 
per  cent  killed  with  the  nicotine-Bordeaux  mixture  and  95  per  cent 
where  laundry  soap  was  added.  The  average  number  of  nymphs 
per  leaf  was  0.07  on  the  first  plat,  0.04  on  the  second  plat,  and  0.89 
on  unsprayed  trees.  Observations  were  made  of  the  sprayed  and 
unsprayed  trees  after  the  appearance  of  the  second  and  third  broods. 
While  leaf  hoppers  were  abundant  on  the  unsprayed  trees  through- 
out the  season,  they  were  not  numerous  enough  on  the  sprayed  blocks 
to  cause  any  damage.  Since  the  adults  migrate  very  slowly  reinfes- 
tation  of  unsprayed  trees  was  not  of  much  consequence. 

Tests  were  carried  on  against  second-brood  nymphs  in  1921  on 
July  27  when  the  earliest  nymphs  of  this  generation  had  reached  the 
fourth  instar.  The  following  materials  were  tested:  On  plat  1, 
nicotine  sulphate  (40  per  cent  nicotine),  at  1-1,600,  rosin  fish-oil 
soap  1-50,  and  Bordeaux  mixture,  3-4-50;  on  plat  2,  rosin  fish-oil 
soap  1-50  plus  3-4-50  Bordeaux  mixture;  on  plat  3,  Bordeaux  mix- 
ture 3-^50;  and  on  plat  4,  Bordeaux  mixture  3-10-50.  Counts  of 
surviving  nymphs  in  the  above  experiments  showed  97  per  cent 
killed  on  plat  1,  89  per  cent  on  plat  2,  24  per  cent  on  plat  3,  and  39 
per  cent  on  plat  4.  The  unsprayed  trees  showed  an  infestation  of 
0.8  nymph  per  leaf. 

Bordeaux  mixture  is  generally  recommended  as  a  very  effective 
insecticide  for  the  control  of  Empoasca  fahae  on  potato.  Against 
the  two  species  of  Erythroneura  on  apple  it  proved  to  be  of  little 
value. 

In  1924  spraying  and  dusting  experiments  were  conducted  in  four 
different  orchards  at  Bentonville.  Three  experiments  were  for  con- 
trol of  the  first  brood  and  one  for  the  second  brood  of  the  Erythro- 
neura. The  infestations  on  unsprayed  trees  in  these  orchards  ranged 
from  an  average  of  0.51  to  0.95  nymph  per  leaf  for  the  first  brood, 
and  averaged  1.79  per  leaf  for  the  second  brood..  The  insecticides 
included  nicotine  sulphate,  1-1^600,  with  Bordeaux  mixture;  2  per 
cent  lubricating-oil  emulsion  with  Bordeaux  mixture;  and  nicotine- 
hydrated  lime  dusts  containing,  1,  1%,  and  2  per  cent  nicotine.  In 
these  experiments  the  only  effective  control  of  nymphs  was  obtained 
with  the  nicotine-Bordeaux  combination.  The  2  per  cent  lubricating- 
oil  emulsion  proved  slightly  better  than  the  nicotine  dust  mixture, 
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but  none  of  these  materials  at  the  dosages  tested  was  of  sufficient 
value  to  justify  further  trial. 

An  experiment  with  a  high  dosage  of  nicotine  sulphate  was  con- 
ducted against  the  summer  broods  of  nymphs  on  August  15,  1927, 
in  an  effort  to  secure  a  thorough  clean-up  of  leaf  hoppers  with  a 
single  spray  application.  Nicotine  sulphate  at  1-800  was  used  with 
a  11  50  Bordeaux  mixture  on  a  large  block  of  heavily  infested 
trees.  Counts  of  nymphs  were  made  prior  to  the  application  on  a 
check  plat  and  on  the  plat  intended  for  spraying.  There  were  1.41 
nymphs  per  leaf  on  the  check  plat  and  1.47  nymphs  per  leaf  on  the 
demonstration  plat.  Twenty-four  hours  after  spraying  there  was 
a  reduction  on  the  sprayed  plat  to  0.035  nj^mph  per  leaf.  Counts 
made  on  thousands  of  leaves  of  the  sprayed  and  unsprayed  plats 
on  August  24  showed  0.086  nymph  per  leaf  on  the  sprayed  trees,  as 
compared  with  1.90  nymphs  per  leaf  on  unsprayed  trees.  During 
the  interval  between  August  15  and  August  24  large  numbers  of 
nymphs  hatched  on  unsprayed  trees  from  eggs  already  deposited. 
On  the  sprayed  plat  such  eggs  evidently  failed  to  hatch,  since  there 
was  no  increase  in  the  population  of  nymphs  as  revealed  by  the 
counts.  The  nicotine,  therefore,  appeared  to  be  effective  in  prevent- 
ing the  hatching  of  eggs  for  a  period  of  several  days  following  the 
spray  application.  The  sprayed  plat  remained  relatively  free  from 
leaf  hoppers  during  the  remainder  of  the  season. 

METHOD  AND  TIMES  OF  APPUCATION 

Adult  leaf  hoppers  can  not  be  controlled  by  sprays,  as  the  winged 
insects  fly  away  from  the  spray  solution  before  it  comes  in  contact 
with  them. 

For  effective  control  of  these  insects  sprays  must  be  applied  when 
the  insects  are  in  the  nymphal  stages.  The  correct  time  to  apply 
th«  sprays  is  during  the  period  when  a  large  number  of  nymphs  are 
in  the  third  stage  of  development.  At  this  time  practically  all  the 
eggs  will  have  hatched,  and  the  earliest  maturing  nymphs  will  have 
begun  to  transform  to  adults.  In  the  Ozarks  for  first-brood  nymphs 
this  period  is  usually  from  June  10  to  20.  A  spray  for  second-brood 
nymphs  should  be  applied  about  August  1  in  a  normal  year. 

Since  the  leaf  hoppers  feed  on  the  underside  of  the  leaves  the  spray 
solution  must,  of  necessity,  be  directed  upward  in  order  to  hit  the 
nymphs;  and  a  rather  high  pressure  that  will  force  the  mist  of 
spray  up  through  the  leaves  is  desirable. 

Ordinarily  it  is  not  necessary  to  make  a  special  spray  application 
for  leaf  hoppers.  Insecticides  used  for  the  control  of  these  insects 
can  be  combined  with  one  of  the  regular  summer  apple  sprays. 
Treatment  for  first-brood  nymphs  would  come  at  the  time  of  the  first 
regular  spray  for  bitter  rot,  whereas  treatment  intended  for  the  sec- 
ond brood  could  be  combined  with  one  of  the  late  summer  sprays. 

A  single  spray  application,  preferably  against  first -brood  nymphs, 
is  usually  sufficient  to  insure  good  control.  Reinfestation  of  sprayed 
trees  and  subsequent  damage  by  adults  from  outside  is  virtually 
negligible,  as  these  leaf  hoppers  migrate  very  little.  In  seasons 
when  first-brood  nymphs  are  relatively  scarce  a  spray  should  be 
applied  for  second-brood  nymphs  if  they  become  abundant. 
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The  injury  to  the  apple  caused  by  leaf  hoppers  is  not  so  evident  as 
that  caused  by  other  insects  that  attack  the  fruit  itself.  The  crop 
is  reduced  and  the  trees  weakened  on  account  of  the  injury  to  the 
foliage  caused  by  the  feeding  of  the  leaf  hoppers. 

This  bulletin  gives  an  account  of  experimental  studies  on  the  five 
species  of  leaf  hopper  that  attack  the  apple  in  the  Ozark  Mountain 
region  of  Arkansas.  The  data  regarding  the  life  and  seasonal 
histories  are  for  this  particular  district,  the  investigations  being 
centered  at  Bentonville. 

The  five  species  discussed,  with  the  common  names  properly  used 
to  identify  them  in  ordinary  parlance,  are  Erythroneura  ohliqiia^  the 
oblique-striped  apple  leaf  hopper ;  E.  mxiculata^  the  red-spotted  apple 
leaf  hopper;  Typhlocyha  pomaria^  the  w^hite  apple  leaf  hopper; 
Empoasca  fahae^  the  potato  leaf  hopper ;  and  E.  maligna^  the  green 
apple  leaf  hopper.  Other  species  infesting  apples  are  listed  but  are 
not  discussed  at  any  length. 

The  two  species  of  Erythroneura  are  the  most  injurious  in  the 
Ozark  district  as  they  are  less  affected  by  dry,  hot  weather.  None 
are  of  primary  importance. 

The  injury  caused  by  these  leaf  hoppers  results  from  the  extraction 
of  plant  juices  from  the  leaves.  The  potato  leaf  hopper  attacks  the 
terminal  leaves  and  new  growth,  but  the  other  species  feed  almost 
entirely  on  the  older  leaves. 

Characters  and  keys  for  distinguishing  the  adults  and  nymphs 
and  technical  descriptions  of  each  of  the  five  species  are  given,  and 
also  notes  on  the  history  and  synonymy  and  on  the  distribution  and 
recorded  food  plants. 

The  experimental  work  was  carried  out  under  outdoor  conditions 
by  the  use  of  cages  fastened  over  parts  of  growing  trees,  or  set  over 
small  potted  seedlings,  and  by  means  of  a  special  type  of  cell  in 
which  nymphs  could  be  confined  on  a  portion  of  a  single  leaf. 

The  two  species  of  Erythroneura  have  almost  identical  habits, 
seasonal  histories,  and  life  histories.  Both  have  two  complete  gen- 
erations and  a  partial  third  generation  annually.  They  pass  the 
winter  as  adults  and  emerge  from  hibernation  in  early  spring  when 
the  leaves  begin  to  expand.  Nymphs  of  the  first  generation  hatch 
from  early  May  until  late  June. 

The  adult  life  of  all  generations  is  much  prolonged.  Overwin- 
tered adults  may  live  until  July  after  the  heaviest  emergence  of 
first-generation  adults  is  over.  Adults  of  the  first,  second,  and  third 
generations  may  be  present  on  apple  at  the  same  time  in  September. 
The  first  and  second  generations  overlap  slightly,  and  the  second 
and  third  generations  overlap  more  extensively.  The  third  genera- 
tion is  not  so  large  as  the  earlier  generations.  It  is  produced  by 
second-generation  adults  which  transform  during  the  earlier  part 
of  the  emergence  period.  Late-transforming  second-generation 
adults  produce  no  progeny  in  the  fall,  and  some  of  them  probably 
hibernate.  Third -generation  adults  feed  for  only  a  short  period 
before  seeking  hibernation  quarters. 

The  time  required  for  incubation  of  the  two  species,  E.  obliqua 
and  E,  maculata^  for  all  generations  averages  about  16  and  15  days, 
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respectively.  The  duration  of  the  total  nymphal  period  averages 
about  21  and  20  days.  The  total  life  cycle  of  the  first  two  genera- 
tions averages  about  55  days.  The  life  cycle  of  the  last  generation, 
which  includes  hibernation,  covers  from  eight  to  nine  months. 

The  white  apple  leaf  hopper  has  two  generations  a  year.  The 
insect  hibernates  in  the  egg  stage,  the  eggs  being  deposited  under  the 
bark  of  the  young  wood.  The  eggs  hatch  in  April,  and  the  majority 
of  the  first-generation  nymphs  emerge  within  a  period  of  less  than 
a  week.  The  nymphs  of  the  first  generation  infest  apple  from  early 
April  until  late  May.  First -generation  adults  are  present  in  the 
field  from  the  last  of  April  until  the  middle  of  June.  No  active 
stages  of  this  species  are  seen  for  a  period  of  about  six  weeks  in 
June  and  Jul}^  Second-generation  eggs,  which  are  deposited  in 
the  leaves  during  May  and  June,  hatch  from  the  last  of  July  to 
the  middle  of  September.  Adults  of  the  second  generation  occur 
on  apple  from  about  the  middle  of  August  to  the  first  of  November. 
Deposition  of  w  inter  eggs  takes  place  in  September  and  October.  The 
incubation  period  of  winter  eggs  is  about  six  months,  and  that  of 
the  summer  eggs  exceeds  two  months.  This  species  differs  from 
the  species  of  Erythroneura  by  spending  a  long  time  in  the  egg 
stage  and  a  relatively  short  time  in  the  adult  stage. 

Three  generations  of  the  potato  leaf  hopper  were  reared  in  1925. 
The  insects  pass  the  winter  as  adults  which  emerge  from  hiberna- 
tion in  April.  Migration  to  apple  occurs  at  the  time  of  "  spring 
flight  "  early  in  May  when  the  females  are  sexuall}^  mature.  First- 
generation  nymphs,  which  are  the  only  ones  that  cause  injury, 
appear  on  apple  from  the  first  of  May  to  the  middle  of  July. 

The  adult  life  of  this  species,  except  of  overwintering  individuals, 
is  much  shorter  than  the  adult  life  of  the  two  species  of  Erythro- 
neura. The  longevity  of  adults  in  captivity  averages  less  than  a 
month.  The  overwintered  adults  remain  in  hibernation  for  about 
six  months. 

There  is  considerable  variation  in  the  length  of  the  incubation 
period.  In  cool  weather  eggs  of  the  first  generation  may  require  as 
long  as  18  days  to  hatch,  whereas  eggs  of  the  summer  generations 
may  hatch  in  6  days  during  hot  weather.  The  duration  of  the 
nymphal  period  is  similarly  influenced  by  temperature.  Nymphs 
hatching  in  early  spring  may  require  30  days  to  reach  the  adult 
stages,  whereas  nymphs  hatching  from  eggs  in  midsummer  may 
require  as  little  as  9  days  to  transform  to  adults. 

The  green  apple  leaf  hopper  has  one  complete  generation  each  year. 
Winter  is  passed  in  the  eg^  stage.  The  eggs  are  deposited  in  May 
and  June  beneath  the  outer  bark  of  the  young  apple  twigs  and  hatch 
in  April  of  the  following  year.  The  nymphs  feed  on  the  lower  leaves 
from  the  middle  of  April  to  the  last  of  May.  Adults  are  present  on 
apple  in  abundant  numbers  during  May  and  June.  No  active  stages 
of  this  leaf  hopper  are  encountered  from  the  last  of  July  until  the 
following  April.  From  24  to  33  days  are  required  to  complete 
nymphal  development.  The  average  duration  of  the  life  of  adults 
is  a  little  less  than  a  month. 

Natural  enemies  are  seldom  of  importance  in  the  control  of  leaf 
hoppers.  Experiments  were  conducted  for  the  control,  by  spraying 
and  dusting,  of  the  two  most  injurious  species,  the  oblique-striped 
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and  the  red-spotted  apple  leaf  hoppers.  The  other  three  species,  as 
a  rule,  are  not  sufficiently  injurious  to  require  control. 

Leaf  hoppers  may  be  controlled  by  a  contact  spray  applied  before 
the  nymphs  transform  to  the  adult  stage.  Experiments  with  nicotine 
sulphate  at  dosages  as  weak  as  1-1,600  showed  good  commercial 
control.  The  addition  of  1  pound  of  rosin  fish-oil  soap  to  each  50 
gallons  of  spray  solution  made  the  treatment  slightly  more  effective. 

A  2  per  cent  lubricating-oil  emulsion  and  fresh  nicotine-hydrated 
lime  dusts  (containing  up  to  2  per  cent  of  actual  nicotine)  were  found 
to  be  less  satisfactory  than  the  sprays  of  nicotine  sulphate.  Bordeaux 
mixture,  either  a  ^-4-50  or  a  3-10-50  dilution,  when  used  alone 
was  ineffective  against  the  two  species  of  Erythroneura. 
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INTRODUCTION 

The  fact  that  boron  occurs  naturally  as  a  constituent  of  irrigation 
waters  in  southern  California  and  occasionally  in  such  concentrations 
as  to  be  injurious  to  crop  plants  was  discovered  through  investiga- 
tions by  Kelley  and  Brown  (11)  ^  in  1926  and  1927.  Subsequent 
investigations  by  the  Bureau  of  Plant  Industry,  herein  reported,  have 
amplified  and  confirmed  the  earlier  findings,  and  have  also  shown 
that  boron  occurs  in  injurious  concentrations  in  the  irrigation  and 
underground  waters  of  other  parts  of  California  and  in  Nevada. 
The  information  available  at  the  present  time  indicates  that,  aside 
from  several  areas  in  southern  California,  boron  injury  occurs  in  a 
small  area  southeast  of  Bakersfield,  in  a  more  extensive  area  along 
the  west  side  of  the  San  Joaquin  Valley,  in  an  area  of  Cache  Creek 
on  the  west  side  of  the  Sacramento  Valley,  and  on  the  Newlands 
reclamation  project  in  Nevada. 


1  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  64. 
63925°— 31 1 
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The  present  report  deals  only  with  the  horon  areas  in  southern 
Cahfornia.  These  may  be  enumerated  as  follows:  (1)  The  Valley  of 
the  Santa  Clara  River,  in  Ventura  County,  where  the  boron  is  brought 
in  chiefly  by  Piru  and  Sespe  Creeks;  (2)  the  Simi  Valley,  also  in 
Ventura  County,  where  the  boron  occurs  in  underground  waters  that 
are  pumped  for  irrigation;  (3)  the  San  Fernando  Valley  in  Los  Angeles 
County,  where  the  boron  occurs  in  the  water  brought  in  through  the 
Los  Angeles  Aqueduct  from  Owens  River;  (4)  the  vicinity  of  San 
Bernardino,  where  boron  occurs  in  the  waters  of  Arrowhead  Hot 
Springs  and  in  certain  wells;  and  (5)  the  coastal  plain  in  southern 
Orange  County,  where  boron  occurs  in  some  of  the  underground 
waters  pumped  for  irrigation.  In  addition  to  these  areas,  boron 
injury  has  been  observed  in  a  number  of  other  localities,  often  involv- 
ing only  a  few  trees  or  at  most  a  few  acres.  Some  of  these  are  irrigated 
from  small  springs  containing  toxic  quantities  of  boron.  There  have 
been  a  few  cases  of  injury  through  the  use  in  irrigation  of  waste  waters 
containing  borax  and  also  a  few  cases  where  the  source  of  the  boron 
has  not  been  definitely  established. 

By  way  of  summarizing  the  boron  situation  in  southern  Cahfornia, 
it  may  be  said  that  in  the  aggregate  the  areas  where  boron  injury 
occurs  constitute  only  a  small  part  of  the  total  irrigated  area,  and, 
furthermore,  that  within  these  areas  the  extent  of  the  injury  definitely 
attributable  to  boron  is  often  not  large.  For  the  whole  of  the  terri- 
tory under  consideration,  the  extent  of  crop  injury  due  to  salts  other 
than  those  of  boron  contained  in  irrigation  water  is  much  greater  than 
may  be  charged  to  boron  alone.  In  other  words,  boron  is  one  of  the 
constituents  of  the  salts  that  occur  in  the  irrigation  waters  of  southern 
California,  and  in  a  few  instances  this  element  is  found  in  such  con- 
centrations as  to  be  the  dominant  cause  of  crop  injury.  In  many 
other  cases  crops  are  injured  or  the  physical  condition  of  the  soil  is 
impaired  through  the  accumulation  in  the  soil  solution  of  toxic  con- 
centrations of  other  elements  or  salts. 

Boron  has  not  been  generally  recognized  heretofore  as  an  important 
element  in  the  complex  of  salts  that  occur  in  irrigation  water  or  in 
the  soil  solution.  It  has  not  usually  been  determined  in  the  analyses 
of  irrigation  water.  It  has  long  been  known  that  the  salts  of  boron 
are  highly  toxic  to  many  plants;  but  only  recently  has  it  been  recog- 
nized that,  in  low  concentrations,  boron  is  beneficial,  if  not  essential, 
to  the  growth  of  certain  plants.  In  connection  with  the  present 
investigations  it  has  become  apparent  that,  although  boron  at  rela- 
tively low  concentrations  is  toxic  to  plants,  at  still  lower  or  subtoxic 
concentrations  it  is  stimulating  to  many  plants.  This  may  be  true 
also  for  other  elements  that  occur  commonly  in  the  salts  of  irrigation 
water,  but  it  is  not  so  evident  with  chlorine,  for  example,  «s  with 
boron. 

In  the  present  report  the  point  is  emphasized  that  boron  injury  is 
directly  traceable  to  the  boron  carried  in  irrigation  water.  It  is 
probably  equally  true  that  most  of  the  crop  injury  caused  by  salts  on 
irrigated  lands  is  similarly  due  to  the  salts  carried  in  the  irrigation 
water.  Where  the  conditions  of  irrigation  are  such  that  the  salts, 
whether  of  boron  or  of  any  other  element,  carried  in  solution  in  the 
irrigation  water,  accumulate  and  remain  in  the  soil  solution  of  the 
root  zone,  ultimate  crop  injiuy  appears  to  be  inevitable.  The  con- 
centration of  salts  in  irrigation  water  is  seldom,  if  ever,  so  high  as  to 
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be  immediately  injurious  to  crop  plants.  But  when  irrigation  water 
containing  sails  is  applied  to  the  soil  the  water  is  absorbed  by  the 
plants  or  dissipated  by  evaporation,  while  the  salts  remain  in  the  soil 
solution  iH). 

If  ultimate  injury  is  to  be  avoided,  the  methods  of  irrigation  and 
the  conditions  of  drainage  must  be  such  that  the  salts  brought  to  the 
root  zone  by  the  irrigation  water  can  be  removed  by  leaching.  This 
is  true  for  the  salts  of  boron  as  well  as  for  those  of  other  elements. 
It  is  pointed  out  in  the  following  pages  that  while  for  iiTigation  water 
the  critical  concentration  with  respect  to  boron  may  be  as  low  as 
0.5  p.  p.  m.,^  the  critical  concentration  for  the  soil  solution  is  probably 
above  4.0  p.  p.  m.,  even  for  the  more  sensitive  crops.  This  difference 
between  what  is  referred  to  as  the  critical  concentration  of  irrigation 
water  and  of  the  soil  solution  implies  recognition  of  the  fact  that  in 
irrigated  lands  the  concentration  of  salts  in  the  soil  solution  of  the 
root  zone  is  much  higher  than  in  the  water  used  for  irrigation.  The 
magnitude  of  this  difference  depends  upon  the  methods  of  iiTigation 
and  the  conditions  of  drainage.  Where  the  natural  drainage  is  good 
and  the  quantity  of  water  applied,  together  with  the  rainfall,  is  suffi- 
cient to  displace  occasionally  a  part  of  the  more  concentrated  soil 
solution  of  the  root  zone,  this  difference  in  concentration  may  be  con- 
trolled and  crop  injury  avoided.  But  if  leaching  of  the  root  zone  does 
not  take  place,  then  the  concentration  of  the  soil  solution  must  increase 
with  each  successive  irrigation  until  it  reaches  the  limit  of  solubility 
of  each  salt.  The  soubility  of  the  borate  and  chloride  salts  is  beyond 
the  hmit  of  tolerance  of  crop  plants,  as  is  also  that  of  the  sulphates  of 
sodium  and  magnesium.  Calcium  sulphate  and  calcium  carbonate 
are  precipitated  from  the  soil  solution  before  the  limit  of  plant  toler- 
ance is  reached. 

BORON  INJURY  IN  PLANTS 

EVIDENCES  OF  BORON  INJURY 

The  occurrence  of  boron  in  the  soil  solution  in  concentrations 
injurious  to  crops  is  manifested  by  specific  and  characteristic  reactions 
in  a  number  of  plants.  Two  such  ''indicator"  plants  are  the  lemon 
and  the  Persian  or  English  walnut.  Both  these  plants  are  extensive- 
ly grown  in  southern  California  and  have  been  usefid  in  the  survey 
work  here  reported,  in  which  it  has  been  the  aim  to  distinguish  be- 
tween crop  injury  caused  by  boron  and  that  due  to  other  salts  in 
the  soil  solution  or  to  other  adverse  conditions.  Other  species  of 
Citrus,  such  as  the  orange  and  the  grapefruit,  are  only  slightly  less 
sensitive  to  boron  than  the  lemon,  but  their  symptoms  of  injury  are 
sometimes  less  definite. 

A  lemon  tree  suffering  from  an  increasing  concentration  of  boron 
in  the  soil  solution  shows  a  characteristic  type  of  yellowing  of  the 
leaves.  This  appears  first  on  the  more  mature  leaves,  whose  tissue 
along  the  margins  and  between  the  veins  loses  its  normal  green  color 
and  becomes  yellow,  sometimes  pale  but  more  often  a  bright  golden 
yellow.  As  the  symptoms  progress,  the  marginal  leaf  tissue  may 
die  and  turn  brown,  but  frequently  the  leaf  falls  off  before  that 
stage  is  reached.  Typical  examples  of  boron  injury  to  citrus  leaves 
are  illustrated  in  Plate  1.     It  is  frequently  observed  that  the  leaves 

2  Parts  per  million. 
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falling  from  boron-injured  lemon  trees  are  detached  from  the  petiole, 
leaving  the  petiole  attached  to  the  stem,  but  this  is  not  always  true. 
Normally  healthy  lemon  leaves  often  remain  attached  to  the  tree 
for  20  to  30  months  or  longer,  so  that  leaves  representing  five  or 
six  successive  cycles  of  growth  are  found  on  the  longer  branches. 
When  boron  injury  occurs,  the  leaves  often  fall  when  only  8  to  10 
months  old,  so  that  it  may  be  hard  to  find  leaves  of  the  fourth  or 
even  of  the  third  growth  cycle  from  the  tip  of  the  branch.  This 
premature  leaf  shedding  of  boron-injured  trees  results  in  a  marked 
contrast  between  them  and  normal  trees  with  their  dense  foliage. 
An  example  of  the  thin  foliage  resulting  from  boron  injury  in  a  lemon 
tree  is  shown  in  Figure  1,  in  which  also  may  be  seen  the  characteristic 
discoloration  of  the  leaves  and  the  absence  of  fruit.     This  is  a  23- 


" 

,^.;-^^.,i.;. 

'%' 

ii 

«**" 

1 

^'gfi             M 

i^ 

u 

■^^■ 

-^'•i  ^?S 

^ 

1 

^m: 

1P 

i 

m^ 

1 

-^m 

M^-^':f 

i 
i 

m^: 

W'i^i 

■jm 

■"* 

^^^: :''  -^^ 

i^ 

,   V* 

^'^j^m 

S 

i^^l 

^^. 

r^^i^^-'^'itm 

lliUiHill.W|i 

'"■^'-^ 

1 

w 

■"t^"'-    .  -..«' 

•iR5>,r-^<*  '  -•^^, 

-^i.<-^-  *,■' 

m 

Pp<*    ;  • 

".-■■  „.  •■    ,■ 

Figure  l. — Lemon  tree  showing  tM)K,il   hoion   miiiiv  clidMcleiiyeci  1)\  absence  of  fruit,  tliin 
foliage,  and  yellowing  leaves.     J 'holographed  b>  Field  in  February,  lUi-'U 

year-old  tree  in  the  grove  at  Rubidoux,  near  Riverside,  Calif.  It 
was  making  vigorous  normal  growth  prior  to  1926,  when  the  first 
applications  of  borax  were  made.  In  March,  1926,  a  basin  was  made 
around  the  tree,  and  with  each  of  the  next  10  irrigations  50  grams  of 
borax  was  dissolved  in  the  irrigation  water.  These  treatments  were 
concluded  in  May,  1927,  when  the  tree  showed  symptoms  of  severe 
injury.  These  symptoms  were  still  pronounced  when  the  photograph 
was  made,  in  February,  1929. 

It  should  be  emphasized  that  the  new  lemon  leaves  do  not  ordinarily 
show  the  symptoms  of  boron  injury.  It  is  only  after  the  leaf  reaches 
full  size  that  the  discoloration  appears.  Consequently,  a  lemon 
tree  may  have  nearly  every  remaining  leaf  discolored  in  January  or 
February,  and  have  an  entirely  different  appearance  a  few  months 


Technical  Bulletin  264,  U.  S.  Dept.  of  Agriculture 


Plate  I 


Lith.  A.   Hoen  &  Co.,  In 

Citrus  leaves  showing  typical  severe  boron  injury.  (Natural  size.  Photographed  by  Field.)  Collected 
at  Fillmore,  Calif.  A.— Lemon  leaf,  sample  L-67,  boron  content  840  p.  p.  m.  (Collected  October  19, 
1928,  by  C.  S.  Scofleld.)  B  and  C— Leaves  of  orange  and  grapefruit  from  groves  irrigated  with  Sespe 
Creek  water.    (Collected  March,  1930,  by  L.  V.  Wilcox) 
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later  when  these  old  leaves  have  fallen  and  the  tree  is  covered  with 
new  leaves  not  yet  discolored. 

It  is  not  uncommon  for  lemon  trees  to  continue  to  bear  fruit, 
sometimes  abundantly,  for  several  years  after  the  first  leaf  symptoms 
of  boron  injury  appear.  This  is  true,  of  course,  only  where  conditions 
are  such  that  the  boron  concentration  of  the  soil  solution  is  increasing 
very  slowly.  If  the  onset  of  the  injury  is  rapid,  the  young  fruit  is 
dropped  as  weU  as  the  older  leaves.  This  shedding  of  the  young 
fruit  also  occurs  in  the  more  advanced  stages  of  injury  that  follow 

the  gradual  increase     

in  the  concentration 
of  boron  in  the  soil 
solution. 

The  Persian  walnut 
develops  leaf  symp- 
toms of  boron  in- 
jury, that,  while  very 
different  from  those 
of  the  lemon  tree,  are 
no  less  unmistakable. 
As  an  "indicator'' 
plant  the  walnut  is 
less  useful  than  the 
lemon  because  it  is 
deciduous  and  con- 
sequently leafless  for 
Rye  or  six  months  of 
the  year.  Further- 
more, its  boron  symp- 
toms, like  those  of  the 
lemon,  appear  only 
when  the  leaves  ap- 
proach maturity. 
Thus  it  is  only  during 
two  or  thrco  .^lonths 
of  the  late  summer 
that  the  walnut 
serves  to  indicate  the 
occurrence  of  exces- 
sive concentrations  of 
boron  in  the  soil  solu- 
tion. When  such  con- 
centration is  very  high 
and    the    consequent 

injury  severe,  the  characteristic  leaf  symptoms  may  appear  in  mid- 
July,  or  earlier,  but  generally  they  do  not  develop  until  mid- August. 
These  symptoms  in  the  walnut  leaf  appear  at  first  at  the  margin  of  the 
leaflets,  where  the  leaf  tissue  dies  and  turns  brown.  Then  spots  of  dead 
brown  tissue  appear  between  the  veins  near  the  margin.  Similar  spots 
develop  later  between  the  veins  in  the  direction  of  the  midrib.  An 
example  of  typical  boron  injury  of  a  walnut  leaf  is  shown  in  Figure  2. 

These  symptoms  of  boron  injury  in  the  leaves  of  citrus  and  of 
walnut  are  so  characteristic  and  so  distinct  that  they  can  be  dis- 
tinguished from  other  leaf  abnormalities,  such,  for  example,  as  result 


Figure  2.— Walnut  leaf  showing  typical  severe  boron  injury, 
Collected  at  Santa  Susana,  Calif. 
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from  excessive  concentrations  of  salts  other  than  those  of  boron  in 
the  soil  solution.  On  lemon  trees  injured  by  the  high  salt  content  of 
the  soil  solution  the  leaves  may  become  chlorotic,  or,  if  the  onset  of 
the  injury  is  acute,  the  margiual  leaf  tissue  may  die"  and  turn  brown 
and  the  leaves  fall  prematurely.  In  the  walnut,  salt  injury,  partic- 
ularly that  caused  by  chloride,  may  be  shown  by  a  breaking  down  of 
the  marginal  leaf  tissue  without  the  occurrence  of  the  spots  of  dead 
tissue  between  the  veins. 

The  diagnosis  of  boron  injury  in  the  lemon  and  in  the  walnut  has 
been  confirmed  in  three  ways:  (1)  It  has  been  shown  that  the  symp- 
toms of  boron  injury  can  be  induced  by  adding  borax  to  the  soil 
in  contact  with  the  roots  of  normal  healthy  trees;  (2)  it  has  been 
demonstrated  repeatedly  that  when  these  symptoms  occur  naturally 
the  soil  solution  contains  more  than  the  normal  proportion  of  boron; 
and  (3)  the  diagnosis  is  supported  by  the  results  of  chemical  analysis 
of  the  leaf  material.  Normal  mature  leaves  of  the  lemon  and  of  the 
walnut  contain  about  100  p.  p.  m.  of  boron  based  on  the  dry  weight 
of  the  material.  The  proportion  is  about  the  same  when  the  leaves 
show  injury  from  such  causes  as  drought  or  an  excess  of  salts  other 
than  those  of  boron  in  the  soil  solution.  In  leaf  samples  showing  the 
characteristic  boron  injury  the  boron  content  is  much  higher,  rang- 
ing up  to  1,000  or  1,200  p.  p.  m.,  and  is  seldom  less  than  600  p.  p.  m. 

Many  plants  other  than  lemon  and  walnut  show  definite  and  char- 
acteristic symptoms  of  leaf  injury  when  grown  in  situations  where 
the  boron  content  of  the  soil  solution  is  above  normal.  The  grape- 
fruit under  certain  conditions  shows  leaf  symptoms  very  similar  to 
those  described  for  the  lemon,  but  in  other  situations  the  symptonis 
may  be  different  and  due  probably  to  other  causes.  In  the  orange  it 
is  sometimes  difficult  to  distinguish  between  slight  boron  injury  and 
other  leaf  abnormalities,  such  as  mottle  leaf. 

Grapes  of  the  European  type  show  characteristic  leaf  abnormalities 
as  a  result  of  boron  injury.  Such  abnormalities  may  appear  in  the 
young  leaves,  which  become  cup  shaped  because  their  marginal 
growth  is  restricted  while  the  growth  of  the  inner  tissue  continues, 
and  which  remain  smaller  than  normal,  with  some  spottmg  or  break- 
ing down  of  the  marginal  tissue.  In  other  plants  an  excess  of  boron 
may  produce  in  the  leaves  marginal  injury,  the  development  of  pale 
or  dead  spots  in  the  tissue  between  the  veins,  reduced  size,  or  pre- 
mature fading  and  abscission. 

BORON  INJURY  DUE  TO  IRRIGATION  WATER 

In  attempting  to  arrive  at  a  correct  understanding  of  the  boron 
problem  in  southern  California,  it  became  necessary  to  decide  whether 
the  injury  was  due  chiefly  to  boron  as  an  original  constituent  of  the 
soil  of  certain  areas  or  as  a  constituent  received  in  the  fertilizer  or 
the  irrigation  water.  The  present  indications  are  that  by  far  the 
larger  part  of  the  injury  is  due  to  boron  carried  in  the  irrigation  water. 
Such  injury  was  first  identified  (11)  as  the  result  of  the  use  for  irriga- 
tion of  waste  water  from  a  citrus  packing  house  where  borax  was  used 
in  the  wash  water  for  cleaning  the  fruit.  The  investigation  of  the 
conditions  in  a  number  of  localities  where  boron  injury  has  been 
found  has  led  to  the  conclusion  that,  while  some  cases  of  injury  may 
be  traced  to  the  use  of  fertilizer  containing  boron  and  while  others 
may  be  due  to  the  occurrence  of  boron  in  the  soil  as  the  result  of  na- 
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tural  causes,  the  great  majority  of  cases  are  the  result  of  the  use  of 
irrigation  water  in  which  salts  of  boron  are  carried  in  solution. 

Only  a  few  places  have  been  found  where  the  evidence  indicated 
that  the  natural  boron  content  of  the  soil  was  of  the  character  and 
quantity  to  be  injurious  to  crops.  In  these  places  the  area  of  injury 
was  irregular  in  outline  within  the  field,  with  the  limits  sharply  de- 
fined, and  the  boron  content  of  the  irrigation  water  in  use  was  too 
low  to  be  injurious.  These  boron  localities  so  far  discovered  have  been 
small,  seldom  more  than  an  acre  in  extent,  and  it  is  assumed  that 
they  represent  the  outlets  of  ancient  springs  or  fumaroles  through 
which  boron  waters  or  gases  reached  the  surface  and  were  precipitated 
in  the  soil.  A  number  of  boron  minerals  occur  in  the  rocks  of  southern 
California  which  have  doubtless  contributed  to  the  formation  of  the 
soil,  but  many  of  these  yield  so  slowly  to  the  processes  of  decomposi- 
tion by  weathering  that  the  proportion  of  water-soluble  boron  from 
this  source  must  be  very  small. 

In  view  of  certain  experiences  reported  from  the  Eastern  States, 
during  1917  and  1918,  where  crop  injury  was  traced  to  the  use  of 
chemical  fertilizers  containing  boron  as  an  impurity,  it  was  to  be  ex- 
pected that  similar  instances  would  be  found  in  California.  It  is 
believed  that  a  few  examples  of  such  injury  have  been  found,  but  the 
evidence  is  not  very  clear.  In  a  few  orchards  where  boron  injury 
has  been  found  in  certain  rows  and  where  this  injiu-y  could  not  be 
traced  to  the  irrigation  water,  it  has  seemed  probable  that  the  trouble 
may  have  been  due  to  contaminated  fertilizer.  This  belief  has  been 
supported  by  the  knowledge  that  borax  is  a  constituent  of  some  of 
the  compounds  used  to  kill  the  larvae  of  flies  that  breed  in  compost 
heaps  and  as  a  disinfectant  in  dairy  barns  or  corrals  from  which  or- 
ganic fertilizers  are  obtained  for  orchards.  It  is  possible  also  that 
boron,  carried  as  an  impurity  in  chemical  fertilizers,  may  have  con- 
tributed to  or  accentuated  the  injiu-y  ascribed  to  the  boron  of  irriga- 
tion water  in  some  orchards;  but  the  present  conclusion  is  that  boron 
contained  in  fertilizers,  either  organic  or  chemical,  has  been  a  very 
small  factor  in  the  boron  problem  of  southern  California. 

With  few  exceptions  it  has  been  found  that  boron  injury  in  fields 
or  orchards  could  be  traced  to  the  irrigation  supply  and  that  the  area 
of  injury  is  conterminous  with  the  use  of  that  water.  The  contrast 
in  the  appearance  of  adjacent  groves  of  citrus  fruits  irrigated  with 
different  water  supplies  is  often  very  striking.  And  the  high  correla- 
tion that  is  found  between  the  boron  content  of  a  water  supply  and 
that  of  the  leaves  of  the  trees  irrigated  with  the  water  is  further  con- 
vincing evidence. 

SOURCES  OF  BORON  CONTAMINATION 

Prior  to  the  discovery  that  boron  was  causing  injury  to  certain 
crops  in  southern  California,  very  few  boron  determinations  had  been 
made  on  the  irrigation  waters  of  that  region,  and  there  was  very  little 
information  with  respect  to  their  boron  content.  It  was  known  that 
boron  compounds  and  minerals  occurred  in  several  localities  and  that 
borax  and  boric  acid  had  been  produced  in  commercial  quantities 
from  these  deposits  for  more  than  half  a  century.  Borate  salts  had 
been  reported  as  occurring  in  Clear  Lake,  Mono  Lake,  and  Lake 
Elsinore;  numerous  borax  springs  had  been  reported;  the  brines  of 
such  desert  lake  beds  as  Owens  Lake,  Searles  Lake,  and  the  flats 
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of  Death  Valley  were  recognized  as  sources  of  boron;  extensive  de- 
posits of  boron  minerals,  such  as  colemanite  and  kernite,  had  been 
exploited;  and  boron  had  been  identified  in  a  number  of  geysers,  hot 
springs,  and  mud  volcanoes  in  the  State.  But  until  1925  no  direct 
connection  had  been  established  between  these  boron  deposits  and 
crop  injury. 

In  the  investigations  that  have  followed  the  discovery  of  this  con- 
nection it  has  been  found  that  boron  is  present  in  measurable  quanti- 
ties in  all  of  the  natural  waters  that  have  been  examined,  except  in 
waters  coming  directly  from  high  mountains  and  derived  chiefly  from 
melting  snow.  In  other  words,  boron  appears  to  be  a  normal  constit- 
uent of  the  salts  found  in  the  percolating  waters  of  southern  Califor- 
nia. It  occurs  usually  in  low  concentrations  of  the  order  of  0.1  to 
0.3  p.  p.  m.,  which  is  equivalent  approximately  to  a  solution  of  2.5 
to  7.5  pounds  of  borax  in  an  acre-foot  of  water.  In  situations  where 
crops  showed  boron  injury  the  boron  content  of  the  irrigation  water 
was  found  to  be  much  higher,  frequently  more  than  1  p.  p.  m.  and 
occasionally  as  much  as  7  or  8  p.  p.  m. 

Where  injurious  quantities  of  boron  have  been  found  in  an  irriga- 
tion supply  an  attempt  has  been  made  to  determine  its  source.  It 
has  been  assumed  that,  when  the  concentration  is  as  low  as  0.3 
p.  p.  m.  or  less,  it  may  represent  the  gradual  dissolution,  through 
weathering,  of  highly  resistant  boron  minerals  widely  distributed 
through  the  soil.  The  higher  concentrations  were  thought  to  indicate 
the  existence  within  the  drainage  basin  of  deposits  of  more  soluble 
boron  minerals  or  of  springs  or  other  outlets  through  which  boron  in 
solution  was  derived.  A  number  of  such  investigations,  reported  in 
more  detail  in  later  sections  of  this  bidletin,  have  shown  that  this  is 
true.  If  the  water  of  a  stream  is  found  to  contain  an  excessive  pro- 
portion of  boron,  it  is  usually  possible  to  trace  this  excess  to  its 
source  or  sources  by  testing  samples  of  each  tributary.  It  is  or- 
dinarily found  that  one  or  more  of  these  contributes  most  of  the 
boron.  Similarly,  when  an  irrigation  supply  is  drawn  from  a  number 
of  wells,  if  the  boron  content  of  a  composite  sample  is  high,  the  well 
or  wells  at  fault  may  be  identified.  These  surveys  of  a  number  of 
drainage  basins  have  made  it  evident  that  the  sources  of  boron  con- 
tamination are  localized  and  usually  of  small  extent. 

These  sources  appear  to  fall  into  three  groups:  (1)  Those  in  which 
the  boron  is  derived  by  the  erosion  and  dissolution  of  exposed  out- 
crops of  soluble  boron  minerals,  such  as  the  colemanite  deposits  of 
Lockwood  Valley  on  the  headwaters  of  Piru  Creek;  (2)  those  in  which 
the  boron  is  derived  from  subterranean  deposits  of  soluble  boron 
minerals  from  which  it  reaches  the  surface,  either  through  springs  or 
wells;  and  (3)  those  in  which  the  boron,  in  the  form  of  a  gas  usually 
mixed  with  superheated  steam,  reaches  the  surface  through  f umaroles 
or,  coming  in  contact  with  percolating  water,  emerges  as  hot  springs 
or  geysers. 

This  classification  of  sources,  while  convenient  for  certain  purposes, 
is  probably  not  fundamentally  important.  Boric  acid  is  known  to 
occur  commonly  along  with  superheated  steam  in  magmatic  gases. 
When  such  hot  gases  come  in  contact  with  sm-face  or  percolating 
waters  and  are  condensed,  the  boric  acid,  reacting  with  dissolved  min- 
eral salts,  may  remain  in  solution  or  may  be  precipitated.  Whether 
the   borate  salts  remain  in   solution  or  are   first  precipitated   and 
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later  redissolved,  or  whether  these  reactions  take  place  at  the 
surface  of  the  ground  or  at  some  point  below  the  surface  is  not  a  matter 
of  concern  in  the  present  connection.  Nor  is  it  of  material  importance 
whether  these  emanations  and  reactions  are  going  on  now  or  took 
place  long  ago.  The  point  to  be  emphasized  is  that  the  borates  now 
found  in  irrigation  water  probably  originated  in  magmatic  vapors 
resulting  from  volcanic  activity.  Experience  in  tracing  these  salts  as 
they  occur  in  stream  and  well  waters  leads  the  writers  to  conclude  that 
their  sources  are  usually  localized  in  small  areas  and  that  it  is  often 
possible  to  segregate  these  waters  from  the  main  supply.  Fortu- 
nately, many  of  the  larger  sources  of  boron,  including  the  principal 
deposits  of  the  more  soluble  boron  minerals,  occur  in  the  desert  regions 
of  southern  California  and  southern  Nevada  and  not  in  the  drainage 
basis  from  which  the  more  important  irrigation  supplies  are  drawn. 

CRITICAL  CONCENTRATION  OF  BORON  IN  WATER  AND  IN  THE  SOIL  SOLUTION 

In  the  survey  of  conditions  w^here  boron  injury  has  been  found  in 
orchards  of  lemons  and  walnuts  in  southern  California,  an  attempt  has 
been  made  to  determine  the  critical  concentration  of  boron  in  irriga- 
tion water  and  in  the  soil  solution.  By  critical  concentration  is  meant 
that  concentration  below  which  injury  has  not  resulted  in  reduced 
yield  and  above  which  it  has.  It  will  be  evident  that  several  difficul- 
ties lie  in  the  way  of  determining  this  critical  concentration  with  re- 
spect to  either  the  irrigation  water  used  on  a  particular  orchard  or  the 
soil  solution  in  the  root  zone  of  that  orchard.  First,  as  regards  the 
irrigation  water,  the  fact  that  its  boron  content  may  change  from  time 
to  time  must  be  recognized.  Samples  taken  once  a  week  for  a  year  or 
more  from  certain  streams  show  that  the  boron  content  of  a  stream 
may  range  in  a  year  from  0.6  to  3.6  p.  p.  m.  Since  the  past  irrigation 
history  of  an  orchard  or  the  past  conditions  of  the  stream  are  not 
known  accurately,  the  average  boron  content  of  the  water  applied  can 
not  be  very  closely  determined.  Even  when  it  is  found  that  in  the 
case  of  a  certain  grove  irrigated  from  a  certain  weU  the  boron  content 
of  that  weU  has  continued  approximately  constant  for  the  past  year, 
there  may  still  be  uncertainty  as  to  the  influence  of  other  factors. 
For  example,  the  boron  content  of  the  well  may  have  been  different  in 
past  years,  or  other  water  may  have  been  used  in  the  past,  or  in  one 
situation  the  soil  may  have  been  leached  occasionally  by  winter  rains 
and  not  so  leached  in  another  case,  or  the  quantity  of  irrigation  water 
applied  may  have  resulted  in  leaching  the  root  zone  in  one  orchard  and 
not  in  another.  These  points  are  brought  out  to  indicate  the  nature 
of  the  uncertainties  that  attend  the  present  attempt  to  establish  the 
critical  concentration  of  boron  in  irrigation  water  and  in  the  soil 
solution. 

In  the  course  of  the  present  survey,  the  writers  have  examined  many 
orchards  of  lemons  and  walnuts;  they  have  determined  the  boron  con- 
tent of  more  than  1,000  samples  of  water  used  to  irrigate  these  orchards 
and  the  boron  content  of  more  than  100  leaf  samples;  and  in  addition 
they  have  observed  the  results  of  growing  lemon  seedlings  in  water 
cultures  containing  known  quantities  of  boron  and  the  results  of  ap- 
plying definite  quantities  of  boron  as  borax  to  normal  lemon  trees 
growing  in  soil.  From  these  observations  it  has  been  concluded  that 
for  lemons  and  walnuts  the  critical  concentration  of  irrigation  water 
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lies  between  0.5  and  1.0  p.  p.  m.  of  boron.  With  respect  to  the  soil 
solution,  it  is  believed  that  the  critical  concentration  is  between  4  and 
8  p.  p.  m.  of  the  solution,  not  of  the  soil. 

It  may  be  helpful  to  an  understanding  of  the  quantitative  relations 
involved  to  give  some  other  expressions  of  the  proportions  indicated. 
The  ratio  of  the  weight  of  elemental  boron  to  that  of  boric  acid  (crys- 
talline H3BO3)  is  as  1  to  5.72  and  to  that  of  borax  (Na2B4O7.10H2O)  1 
to  8.81.  The  weight  of  an  acre-foot  of  water  is  approximately  2,720,- 
000  pounds.  Thus,  if  a  sample  of  water  contains  0.5  p.  p.  m.  of  boron, 
it  is  equivalent  to  7.78  pounds  of  boric  acid,  or  11.98  pounds  of  borax, 
per  acre-foot.  From  this  it  will  be  seen  that  when  it  is  customary  to 
apply  2  acre-feet  of  irrigation  water  to  an  acre  of  land  each  year,  the 
corresponding  application  of  borax  is  approximately  24  pounds  per 
acre  when  the  water  contains  0.5  p.  p.  m.  of  boron. 

It  has  been  reported  in  connection  with  experiments  in  the  eastern 
part  of  the  United  States  that  where  borax  has  been  applied,  in  ferti- 
lizer mixtures  its  use  at  the  rate  of  20  pounds  ^  per  acre  or  more  has 
caused  measurable  injury  and  reduced  yields  with  a  nvimber  of  crops 
{5,  16).  It  is  apparent  that  a  given  quantity  of  boron  when  applied 
in  solution  in  irrigation  water  and  thus  distributed  uniformly  through 
the  soil  solution  of  the  root  zone  is  likely  to  cause  less  injury  than 
when  applied  in  a  chemical  fertilizer  from  which  it  might  be  dissolved 
by  the  moisture  of  the  surface  soil  to  form  a  solution  of  much  higher 
concentration  in  the  upper  part  of  the  root  zone. 

It  is  to  be  assumed  that  the  boron  concentration  of  the  soil  solution 
in  an  orchard  would  become  much  higher  than  that  of  the  water  with 
which  the  orchard  is  irrigated.  It  is  not  easy  to  obtain  definite  infor- 
mation as  to  these  relative  concentrations  because  of  the  difficulty  of 
obtaining  representative  samples  of  the  soil  solution  in  sufficient 
quantity  for  boron  determinations.  Furthermore,  the  concentration 
of  the  soil  solution  is  probably  extremely  variable,  even  if  that  of  the 
irrigation  water  continues  uniform.  The  soil  solution  is  diluted  by 
each  irrigation  or  by  rainfall,  and  becomes  more  concentrated  as  water 
is  absorbed  by  the  plant  roots  or  lost  by  evaporation.  With  certain 
soils  and  certain  irrigation  programs  there  is  doubtless  some  leaching 
of  the  root  zone  with  the  consequent  removal  of  boron,  while  in  other 
situations,  where  the  subsoil  conditions  are  such  that  no  leaching 
occurs  or  where  the  quantity  of  irrigation  water  applied  is  merely 
sufficient  to  replenish  the  capacity  of  the  root  zone,  it  is  probable  that 
the  boron  concentration  of  the  soil  solution  increases  progressively 
with  each  irrigation.  Kelley  and  Brown  (11,  p.  4^5)  reported  on  two 
samples  of  soil  solution,  obtained  by  the  displacement  method,  in 
which  they  found  6.0  and  6.5  p.  p.  m.  of  boron.  These  soils  were 
from  lemon  groves  where  the  trees  showed  definite  injury  and  where 
the  investigators  found  1  p.  p.  m.  of  boron  in  the  irrigation  water. 

In  giving  the  present  opinion  as  to  the  critical  boron  concentration 
in  irrigation  water  and  soil  solution  the  writers  have  assumed  a  ratio 
between  them  of  1  to  8.  In  other  words,  with  respect  to  boron  the 
soil  solution  may  be  expected  to  contain  eight  times  as  much  as  the 
irrigation  supply.  It  will  be  understood  that  in  setting  these  limits 
for  critical  concentration  the  writers  have  taken  into  account  various 
factors  of  the  environment,  so  that  the  limits  may  appear  to  be  some- 

3  In  these  fertilizer  experiments  the  quantities  of  borax  applied  were  usually  expressed  as  anhydrous  borax, 
of  which  20  pounds  is  equivalent  to  37.8  pounds  of  crystalline  borax. 
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times  too  high  and  sometimes  too  low.  Of  these  factors,  time  is,  of 
course,  an  important  one.  If,  for  example,  UTigation  water  contain- 
ing 0.6  p.  p.  m.  of  boron  be  applied  to  a  tract  of  new  land,  it  might 
take  10  years  of  irrigation  to  accumulate  enough  boron  in  the  soil 
solution  to  be  injurious  to  the  more  sensitive  crops.  Indeed,  if  the 
soil  conditions  were  favorable  and  enough  water  were  applied  occa- 
sionally to  leach  the  root  zone,  crop  injury  might  be  postponed  indefi- 
nitely. Wherever  it  is  possible  to  replace  the  more  concentrated  soil 
solution  with  a  more  dilute  solution  such  as  irrigation  water  or,  better 
stiU,  rain  water,  there  should  be  an  improvement  in  conditions. 

In  presenting  their  views  as  to  these  critical  concentrations  of  boron 
the  writers  have  indicated  merely  what  conditions  they  have  found  in 
orchards  of  lemons  and  walnuts  in  southern  California  where  evi- 
dences of  boron  injury  were  apparent.  They  do  not  wish  to  condemn 
as  unfit  for  use  every  water  supply  that  contains  more  than  0.5  p.  p.  m. 
of  boron,  any  more  than  they  would  condemn  as  too  salty  any  supply 
that  contained  more  than  175  p.  p.  m.  of  chloride.  But  they  do  be- 
lieve that  when  irrigation  water  contains  more  than  these  proportions 
of  either  element  it  should  be  regarded  as  possibly  injurious  to  such 
sensitive  crops  as  lemons  and  walnuts  in  situations  where  the  root 
zone  can  not  be  leached  occasionally. 

In  this  connection  it  is  desirable  to  emphasize  two  points.  The 
first  is  that,  in  both  lemons  and  walnuts,  the  writers  find  that  definite 
symptoms  of  leaf  injury,  including  high  boron  content  and  premature 
leaf  shedding,  often  appear  well  in  advance  of  measurable  reduction 
of  crop  yields.  This  appears  to  be  particularly  true  where  conditions 
are  such  that  the  boron  concentration  of  the  soil  solution  is  increasing 
very  gradually  from  year  to  year.  In  fact,  there  is  some  evidence  to 
support  the  view  that,  with  a  slowly  increasing  boron  concentration, 
the  first  evidences  of  leaf  injmy  may  be  accompanied  by  increased 
yields.  On  the  other  hand,  there  appears  to  be  little  doubt  that,  in 
the  more  advanced  stages  of  injury,  yields  are  severely  depressed. 
Trees  of  both  species  may  survive  for  a  long  time  after  boron  in  jury- 
has  become  so  severe  that  crop  production  has  practically  ceasea. 
The  second  point  is  that  the  critical  boron  concentrations  given  by 
the  writers  for  lemons  and  walnuts  should  not  be  taken  as  applying 
to  other  crops.  It  has  been  noted  that  the  orange  and  possibly  the 
grapefruit  are  less  sensitive  than  the  lemon,  and  it  has  been  found 
that  a  number  of  the  deciduous  fruit  trees  appear  to  be  less  sensitive 
than  the  walnut.  Wide  differences  of  tolerance  have  been  observed 
among  the  field  and  garden  crops.  In  fact,  some  of  these  appear  to 
thrive  on  boron  concentrations  that  are  injurious  or  even  fatal  to 
others. 

IRRIGATION  METHODS  AND  CONDITIONS  INFLUENCING  BORON  INJURY 

In  view  of  the  findings  that  boron  injury  to  crops  in  southern 
California  is  due  chiefly  to  boron  compounds  dissolved  in  certain  irri- 
gation waters,  it  seems  proper  to  discuss  the  relation  of  irrigation 
methods  and  of  soil  and  climatic  conditions  to  the  onset  of  injury. 
It  has  been  found,  for  example,  that  one  lemon  grove  irrigated  from  a 
certain  water  supply  may  show  severe  injury  throughout,  whereas  an 
adjacent  grove  irrigated  from  another  water  supply  may  show  no  evi- 
dence of  injury.  On  the  other  hand,  differences  in  degree  of  injury 
have  been  found  in  the  same  grove  that  are  apparently  due  to  differ- 
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ences  in  the  character  of  the  soil.  In  some  groves  the  injury,  as  evi- 
denced by  leaf  discoloration  and  premature  shedding,  is  limited  to 
certain  areas,  although  the  analyses  of  leaf  samples  from  trees  that  are 
apparently  uninjured  show  that  the  boron  content  is  abnormally  high. 
On  the  other  hand,  there  are  adjacent  groves  of  approximately  the 
same  age  and  of  the  same  variety  of  lemon,  apparently  on  the  same 
rootstock,  and  known  to  have  been  irrigated  with  the  same  water 
supply,  in  one  of  which  the  symptoms  of  boron  injury  may  be  very 
pronounced  and  scarcely  apparent  in  the  other,  although  leaf  analyses 
may  show  that  the  boron  content  is  above  normal  in  the  uninjured 
trees.  Such  observations  lead  to  the  conclusion  that  differences  of  soil 
type  or  differences  in  the  methods  of  irrigation  or  of  orchard  manage- 
ment, including  fertilization,  may  influence  the  degree  of  injury  from 
the  same  quantity  of  boron  in  the  irrigation  water,  particularly  if  that 
quantity  is  near  the  critical  concentration. 

With  respect  to  soil  type,  it  is  manifestly  essential  to  consider  not 
only  the  texture  of  the  surface  soil  but  also  that  of  the  subsoil,  even 
below  the  root  zone.  The  texture  of  the  horizons  of  the  subsoil 
influences  the  downward  movement  of  irrigation  water  and  conse- 
quently the  possibility  of  leaching  the  root  zone.  When  the  subsoil 
conditions  are  such  that  the  root  zone  may  be  leached  occasionally, 
either  by  rainfall  or  by*  heavy  irrigation,  it  should  be  possible  to  pre- 
vent the  accumulation  of  harmful  concentrations  of  boron  in  the  soil 
solution  of  that  zone.  On  the  other  hand,  where  subsoil  conditions 
are  such  that  it  is  not  possible  to  leach,  the  root  zone  it  seems  inevitable 
that  the  boron  dissolved  in  the  irrigation  water  should  accumulate  in 
the  soil  solution  until  harmful  concentrations  are  reached. 

In  one  lemon  orchard,  where  there  were  severe  symptoms  of  boron 
injury  and  where  the  surface  soil  was  of  sandy  loam,  it  was  found  that 
the  subsoil  at  4  to  6  feet  below  the  surface  was  of  compact  silt,  prac- 
tically impervious  to  the  movement  of  water.  This  thick  layer  of  silt 
appeared  to  prevent  or  at  least  to  retard  the  downward  movement  of 
water  so  effectively  that  the  progressive  concentration  of  boron  in 
the  soil  solution  could  not  be  prevented  by  leaching  the  root  zone. 
In  other  situations  where  the  irrigation  water  contained  substantially 
the  same  quantity  of  boron  but  where  more  permeable  subsoils  per- 
mitted root-zone  leaching,  the  boron  injury  has  been  found  to  be  much 
less  severe.  It  should  be  emphasized  in  this  connection  that  if  root- 
zone  leaching  is  to  be  accomplished,  the  quantity  of  water  apphed  to 
the  soil  must  be  somewhat  in  excess  of  that  required  for  the  crop  and 
for  the  unavoidable  losses  by  surface  evaporation.  If  the  total  quan- 
tity of  water  applied  is  less  than  may  be  used  by  the  plants  or  evap- 
orated from  the  soil,  leaching  may  not  occur  even  where  the  subsoil 
conditions  are  favorable. 

There  is  some  evidence  to  support  the  view  that,  with  a  given 
concentration  of  boron  in  the  irrigation  water  and  no  root-zone  leach- 
ing, the  symptoms  of  boron  injury  will  develop  more  rapidly  in  plants 
grown  on  a  sandy  soil  than  in  those  grown  on  very  heavy  soil.  A 
given  mass  of  sandy  soil  holds  less  water  than  the  same  mass  of  a 
finer  soil,  such  as  loam  or  clay,  and  consequently  a  given  quantity  of 
boron  added  to  the  lighter  soil  would  result  in  a  higher  concentration 
of  the  soil  solution.  Also,  there  may  be  some  absorption  of  boron  by 
the  soil  from  the  soil  solution,  and  this  absorption  may  be  greater 
where  the  clay  content  of  the  soil  is  higher.     It  has  been  found  by 
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experiment  that,  when  a  given  quantity  of  boron  is  added  to  the  soil 
sohition  and  the  solution  is  subsequently  displaced  by  leaching,  a 
smaller  proportion  of  the  boron  is  recovered  from  the  clay  soil  than 
from  the  sandy  soil.  The  nature  of  the  reactions  involved  in  this 
apparent  absorption  of  boron  has  not  been  investigated. 

While  it  is  here  indicated  that  a  method  of  irrigation  that  results  in 
some  leaching  of  the  root  zone  may  be  expected  to  diminish  the  in- 
tensity or  retard  the  onset  of  boron  injury  resulting  from  the  use  of 
contaminated  irrigation  water,  it  is  not  intended  to  imply  that  or- 
chards should  be  irrigated  more  frequently  or  more  copiously  through- 
out the  year.  The  proper  control  of  the  supply  of  soil  moistiu-e  dm'ing 
the  season  of  active  plant  growth  is  closely  related  to  the  more  general 
problem  of  orchard  management  and  to  the  health  and  productivity 
of  the  trees.  If  conditions  make  it  desirable  to  leach  the  root  zone 
from  time  to  time,  in  order  to  diminish  the  concentration  of  borates 
or  other  salts  in  the  soil  solution,  it  would  seem  advisable  that  this 
leaching  be  done  during  the  dormant  period  rather  than  by  more 
frequent  or  more  copious  irrigations  during  the  growing  season. 

It  is  a  matter  of  common  observation  that  the  evidences  of  boron 
injury  are  more  striking  in  lemon  and  walnut  trees  that  are  not  well 
cared  for  than  in  those  groves  where  good  cultural  methods  are  fol- 
lowed. It  is  possible  that  such  differences  may  be  due  partly  to  the 
more  vigorous  growth  of  the  trees  that  are  better  cared  for  and  partly 
to  the  specific  effect  of  some  constituent  of  the  fertihzer.  It  is  fre- 
quently suggested  that  some  substance  may  be  found  in  a  fertihzer 
to  counteract  the  injurious  eft'ect  of  boron,  either  by  precipitating  it 
from  the  soil  solution,  retarding  its  absorption  by  the  plant  roots,  or 
neutralizing  its  eft'ect  in  the  plant  itself.  The  evidence  at  present 
available  does  not  warrant  the  hope  of  such  a  discovery.  There  can 
be  no  doubt  that  where  the  boron  content  of  the  water  supply  is  at 
or  near  the  critical  concentration,  trees  that  are  weU  fertilized  and 
cared  for  show  less  evidence  of  boron  injury  and  produce  very  much 
better  yields  than  trees  that  are  neglected.  But  these  differences  can 
not  be  traced  definitely  to  any  one  factor,  either  of  cultivation,  irri- 
gation, pest  control,  or  fertilization.  It  might  be  added  that  no  prac- 
tical method  has  yet  been  found  to  remove  from  irrigation  water  the 
small  quantity  of  boron  that  is  sufficient  to  cause  crop  injury. 

SEGREGATION  OF  BORON  CONTAMINATION 

It  has  been  pointed  out  in  a  previous  section  on  the  sources  of  boron 
contamination  that  where  the  boron  content  of  an  irrigation  supply 
is  injurious  it  is  usually  found  to  be  derived  from  a  siugle  source. 
This  makes  it  possible,  in  some  cases  at  least,  to  avoid  further  crop 
injury  by  ciittmg  the  source  off  from  the  general  supply.  This 
course  is  indicated  where  the  boron  content  of  the  water  from  a  spring 
or  a  well  is  so  high  as  to  contammate  seriously  the  water  with  which  it 
is  mixed.  In  order  to  deal  intelligently  with  the  boron  problem  in 
any  given  water  supply  it  is  necessary  to  learn  the  facts  by  a  series  of 
analyses.  Where  the  water  is  obtained  from  a  natural  stream  each 
tributary  must  be  sampled  to  determine  those  that  contribute  the 
boron.  A  series  of  samples  along  such  tributaries  should  then  reveal 
the  source  or  sources  of  the  boron.  When  the  source  is  found,  the 
problem  is  one  of  withholding  or  diverting  the  contaminated  water 
from  the  main  supply.     Fortunately  these  primary  sources  of  the 
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excess  boron  in  natural  streams  often  contribute  only  small  quantites 
of  water  with  a-  high  content  of  boron.  This  is  illustrated  by  the 
O'Banion  Spring  on  Parida  Creek  (Table  12),  which  contained  17.3 
p.  p.  m.  of  boron;  the  hot  springs  on  Sespe  Creek  (Table  8) 
with  7.0  p.  p.  m.,  and  an  artesian  well  near  the  heading  of  the  Los 
Angeles  Aqeuduct  (Table  16)  that  contained  9.3  p.  p.  m.  of  boron. 
The  elimination  from  the  main  supply  of  such  contributions  as  these 
should  reduce  correspondingly  the  boron  content  of  that  supply. 

When  the  irrigation  supply  is  obtained  from  wells,  either  of  two 
sets  of  conditions  may  exist.  In  one  case  the  water  from  several 
wells  may  be  blended  into  one  supply.  If  it  is  found  that  the  boron 
content  of  this  supply  is  at  or  above  the  critical  concentration,  the 
well  or  wells  contributing  the  high  boron  water  can  be  eliminated. 

On  the  other  hand,  there  are  situations  in  which  the  water  from  each 
well  is  used  to  irrigate  one  or  more  contiguous  orchards.  If  it  is 
found  that  boron  injury  is  produced  by  water  from  one  of  the  wells 
in  such  a  group  and  not  by  that  from  others  it  may  be  possible  to 
overcome  the  difficulty  by  blending  the  waters  from  several  wells 
and  thus  diluting  the  boron  content  of  the  whole  supply  to  a  point 
below  the  critical  concentration. 

DIVERSITY  OF  BORON  TOLERANCE  OF  CROP  PLANTS 

The  earlier  observations  on  the  effects  of  boron  in  southern  Cali- 
fornia indicated  that  the  cultivated  species  of  Citrus  and  the  Persian 
walnut  were  more  susceptible  to  injury  than  any  other  of  the  more 
common  crop  species.  In  fact  it  was  thought  for  some  time  that 
citrus  and  walnut  were  the  only  crops  injured  by  the  concentrations 
of  boron  found  in  California  soils.  It  was  found  that  many  of  the 
field  and  truck  crops  showed  no  symptoms  of  leaf  injury  or  evidence 
of  reduced  growth  when  they  were  planted  on  land  where  the  injury 
to  citrus  was  severe.  Notwithstanding  these  observations  in  Cali- 
fornia, it  was  known  that  in  the  eastern  United  States  there  had  been 
reports  of  injury  to  a  number  of  field  and  truck  crops  from  the  use  of 
chemical  fertilizers  containing  small  quantities  of  boron. 

With  the  progress  of  the  survey  of  the  boron  areas  it  has  become 
evident  that  there  are  (1)  a  number  of  species  of  crop  plants  only 
slightly  more  tolerant  than  citrus  and  walnut  to  boron,  (2)  numerous 
species  that  are  apparently  not .  seriously  injured  by  concentrations 
of  boron  in  the  soil  solution  two  or  three  times  as  high  as  the  concen- 
trations known  to  be  injurious  to  citrus,  and  (3)  other  species  that 
seem  not  only  to  tolerate  relatively  high  concentrations  of  boron, 
but  actually  to  thrive  better  on  concentrations  that  are  fatal  to  citrus 
and  other  less  tolerant  crops  and  injurious  to  crops  of  the  second  group. 

It  has  been  shown  by  several  investigators  (1,  4,  10,  17),  working 
with  different  plants,  that  boron  is  essential  to  plant  growth.  The 
quantity  required  is  small,  often  much  less  than  1  p.  p.  m.  of  the  cul- 
ture solution.  In  fact,  the  minimum  requirement  of  boron  with  many 
plants  is  so  low  that  it  may  be  met  by  the  boron  contained  as  impuri- 
ties in  the  chemicals  used  in  the  culture  solutions  or  in  the  containers 
used  for  the  culture  experiments.  In  order  to  demonstrate  that  boron 
is  essential  to  plant  growth  it  has  been  necessary  for  plant  physiolo- 
gists to  use  for  their  control  cultures  chemicals  that  have  been  care- 
fully purified  and  containers  that  would  not  yield  boron  to  the  culture 
solutions. 
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In  their  investigation  of  the  boron  problem  the  writers  have  ac- 
cepted as  a  fact  the  hj^po thesis  that  boron  is  essential  to  plant  growth 
and  have  not  sought  to  determine  the  minimmn  quantities  necessary 
to  support  normal  growth  in  the  various  species.  They  have  been 
concerned  rather  with  the  upper  limits  of  tolerance  to  boron  of  crop 
species  generally  grown  in  the  boron  areas.  Such  information  has 
been  sought  partly  by  field  observations  and  partly  by  controlled 
experiments  with  culture  solutions  containing  known  concentrations 
of  boron.  These  investigations  are  as  yet  incomplete  and  can  not 
now  be  reported.  It  is  possible,  however,  to  say,  as  has  been  indicated 
above,  that  some  species  have  a  much  higher  critical  concentration 
than  others. 

As  stated  in  an  earlier  section  of  this  bulletin,  the  writers  believe 
that  the  critical  concentration  of  boron  in  the  soil  solution  lies  between 

4  and  8  p.  p.  m.  for  citrus  and  walnuts.  They  find  that  European 
varieties  of  grapes,  while  slightly  more  tolerant  than  citrus,  are 
measurably  injured  in  this  same  range.  Such  fruit  trees  as  apples, 
apricots,  avocados,  peaches,  ])ears,  plums,  and  persimmons  make 
better  growth  in  low  boron  concentration  than  do  grapes.  The  olive, 
on  the  other  hand,  appears  to  tolerate  high  concentrations. 

Of  the  garden  or  truck  crops  that  have  been  under  observation  it 
has  been  found  that  navy  beans  and  sweetpotatoes  have  a  low  toler- 
ance. Lima  beans  and  pumpkins  are  somewhat  more  tolerant,  and 
peppers  still  more  so.  Asparagus,  cabbage,  and  tomato,  while  showing 
some  growth  depression,  are  not  seriously  injured  by  concentrations 
up  to  20  p.  p.  m.  in  culture  solution,  and  there  is  some  evidence  that 
both  cabbage  and  tomato  are  stimidated  by  concentrations  of  about 

5  p.  p.  m. 

The  cereal  crops  com,  milo,  barley,  and  wheat  show  very  sHght  de- 
pression of  growth  in  concentrations  up  to  15  or  20  p.  p.  m.  Corn 
appears  to  be  the  most  sensitive  of  those  named  and  develops  symp- 
toms of  leaf  injury  in  the  higher  concentrations.  Cotton  of  both  the 
upland  and  Egyptian  types  seems  somewhat  more  tolerant  than  the 
cereals  named  and  is  apparently  stimulated  by  quantities  of  boron 
that  would  be  injurious  to  grapes  and  a  number  of  deciduous  fruit 
trees. 

Fortunately,  from  the  standpoint  of  utilizing  boron  waters,  aKalfa 
is  highly  tolerant.  Its  critical  concentration  of  boron  is  not  yet 
known.  So  far  no  example  has  been  found  in  the  field  of  boron 
injury  to  alfalfa.  The  character  and  diversity  of  the  vegetation  that 
is  supported  around  boron  springs  and  along  streams  of  high  boron 
content  confirm  the  impression  that,  while  some  species  are  very  sensi- 
tive, many  others  are  not.  It  seems  highly  probable  that,  as  our 
knowledge  of  the  critical  concentrations  of  species  is  extended,  it  will 
be  possible  to  utilize  effectively,  by  the  choice  of  resistant  crops, 
most  of  the  water  that  now  causes  trouble  because  of  its  high  boron 
content. 

OCCURRENCE  OF  BORON  IN  PLANTS 

BORON  AS  A  NATURAL  CONSTITUENT  OF  PLANTS 

In  connection  with  this  survey  of  boron  conditions  in  southern 
California,  it  has  been  found  that  boron  occurs  in  measurable  quan- 
tities in  the  leaves  of  all  the  plants  that  have  been  examined ;  but  it 
was  found  also  that  boron  is  a  constituent  of  the  salts  in  all  the  irriga- 
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tion  waters  and  that  irrigation  water  is  used  on  most  of  the  cultivated 
plants.  In  view  of  these  findings  it  became  a  matter  of  interest  to 
learn  the  boron  content  of  siniilar  plants  grown  in  the  eastern  part 
of  the  United  States  under  rainfall  conditions.  For  this  purpose  a 
number  of  leaf  samples  of  Citrus  species  were  obtained  through  the 
courtesy  of  T.  Ralph  Robinson,  from  several  places  in  Florida,  from 
Silverhill,  Ala.,  and  from  Weslaco,  Tex.  In  addition,  Mr.  Robinson 
collected  the  fruits  of  string  beans,  eggplants,  peppers,  and  tomatoes 
from  Terra  Ceia,  Fla.  Leaves  of  the  post  oak,  of  sassafras,  and  of 
wild  grape  were  collected  at  the  end  of  August  in  Maryland.  The 
boron  content  of  these  samples  was  determined  at  Washington,  D.  C., 
by  the  same  analytical  methods  as  are  used  at  the  laboratory  in 
California. 

The  Florida  leaf  samples,  of  which  there  were  17,  included  sweet 
orange,  sour  orange,  sweet  lemon,  rough  lemon,  grapefruit,  and  lime. 
The  mean  boron  content  was  89  p.  p.  m.,  ranging  from  31  to  161. 
The  samples  from  Silverhill,  Ala.,  three  Satsumas  and  one  citrange- 
qua't,  had  a  mean  boron  content  of  80  p.  p.  m.,  and  ranged  from  55  to 
132.  There  were  six  samples  from  Weslaco,  Tex.,  in  the  valley  of 
the  lower  Rio  Grande.  Their  mean  boron  content  was  124  p.  p.  m., 
ranging  from  61  to  177.  These  included  orange,  grapefruit,  and  lemon. 
Some  of  the  trees  from  which  the  Weslaco  samples  were  taken  were 
said  to  show  symptoms  of  salt  injury,  and  these  trees  had  been  irri- 
gated, whereas  those  in  Florida  and  Alabama  had  not. 

In  addition  to  leaf  samples  from  Florida,  reported  above,  there 
were  eight  samples  of  leaves  from  trees  of  sour  orange  and  rough 
lemon  that  had  been  treated  some  four  or  five  months  previously 
with  borax  or  borate  minerals.  When  these  leaf  samples  were  taken 
they  showed  the  characteristic  symptoms  of  boron  injury.  For  these 
eight  samples  the  mean  boron  content  was  712  p.  p.  m.,  ranging  from 
325  to  1,162. 

The  samples  of  vegetables  from  Terra  Ceia,  Fla.,  had  a  mean  boron 
content  of  20  p.  p.  m.,  ranging  from  16  to  25.  The  leaves  of  post  oak 
from  Maryland  contained  35  p.  p.  m.,  the  sassafras  leaves,  59  p.  p.  m. 
and  the  wild-grape  leaves,  51  p.  p.  m. 

These  analyses  show  that  the  leaves  of  citrus  trees  from  Florida, 
Alabama,  and  Texas  contain  practically  as  much  boron  as  is  found 
in  citrus  leaves  in  those  areas  of  California  where  the  boron  content 
of  the  irrigation  water  is  well  below  the  critical  concentration.  Fur- 
thermore, the  samples  of  vegetables  from  Florida  and  the  leaves  of 
native  trees  in  Maryland  showed  measurable  quantities  of  boron. 
From  these  results  it  may  be  assumed  that  boron  is  absorbed  nor- 
mally by  plants  even  when  it  occurs  in  very  small  quantities  in  the 
soil  solution. 

The  fact  that  boron  is  a  normal  constituent  of  plant  material  was 
established  by  Agulhon  (^),  on  the  basis  of  the  analyses  of  samples 
of  27  species,  representing  18  plant  families.  These  ranged  from 
algae,  collected  in  the  English  Channel,  to  olives,  from  Corsica. 

Agulhon  made  his  boron  determinations  on  the  ashed  plant  nuiteriai 
and  reported  his  results  as  boric  acid,  as  percentage  both  of  the  ash 
and  of  the  original  dry  weight  of  the  sample.  His  material  was 
various,  including  the  leaves,  stems,  and  bark  of  trees,  the  seeds  of 
cereals,  and  parts  of  whole  plants  of  seaweeds.    He  found  the  boron 
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content  as  low  as  7  p.  p.  ni.  in  the  young  stems  of  fir  trees  and  as 
high  as  168  p.  p.  m.  in  Fucus  from  the  English  Channel. 

The  boron  content  of  a  number  of  plant  products,  such  as  dried 
fruits,  cacao  beans,  and  coffee,  has  also  been  reported  quantitatively 
by  Dodd  {6,  7),  who  found  this  element  occurring  as  a  normal  con- 
stituent in  measurable  quantities  in  a  wide  variety  of  food  materials 
from  many  sources. 

BORON  CONTENT  OF  CITRUS  AND  WALNUT  LEAVES 

It  has  been  noted  that  the  leaves  of  citrus  and  walnut  trees  show 
characteristic  symptoms  when  the  boron  content  of  the  soil  solution 
is  above  a  certain  limit,  referred  to  as  the  critical  concentration. 
While  these  symptoms  are  fairly  distinct,  it  must  be  recognized  that 
other  types  of  leaf  injury,  due  to  other  causes,  also  occur.  It  is  not 
always  possible  to  distinguish  definitely  by  appearance  alone  between 
the  type  of  leaf  injury  caused  by  excessive  concentrations  of  boron 
and  those  due  to  other  causes.  The  fact  that  high  boron  content 
of  the  soil  solution  is  accompanied  by  a  corresponding  increase  in 
the  boron  content  of  the  leaves  of  citrus  and  walnut  trees  makes  it 
possible  to  confirm  by  leaf  analysis  the  evidence  of  boron  injury. 

In  the  course  of  the  present  survey  the  writers  have  collected  and 
analyzed  a  number  of  leaf  samples  of  lemon,  orange,  grapefruit,  and 
walnut  trees,  from  areas  where  the  boron  content  of  the  soil  solution 
was  known  to  be  high  and  from  other  areas  where  it  was  known  to 
be  low.  The  characteristic  leaf  symptoms  have  been  noted  in  each 
case.  With  very  few  exceptions  the  analytical  results  have  con- 
firmed the  field  diagnosis.  It  should  be  noted  that  there  have  been 
exceptions.  In  all  four  species  the  symptoms  were  sometimes  rather 
doubtful,  and  the  boron  content  either  lower  or  higher  than  the 
apparent  degree  of  injury  woidd  indicate. 

One  cause  of  these  differences  in  boron  content  may  lie  in  the  age 
of  the  leaves  collected.  It  has  been  observed  that  the  symptoms 
of  boron  injury  rarely  occur  on  young  leaves  of  citrus  and  walnut 
but  become  evident  as  the  leaves  approach  maturity.  In  collecting 
leaf  samples  of  citrus  it  has  been  customary  to  select  leaves  repre- 
senting the  third  or  il  possible  the  fourth  cycle  of  growth  back  of 
the  growing  point.  This  is  not  always  possible,  because,  when  boron 
injury  is  severe  the  leaves  of  the  older  growth  cycles  may  fall,  leaving 
only  the  older  leaves  of  the  second  cycle  available.  It  has  been 
noted  also  that  in  citrus  the  symptoms  of  boron  injury  are  sometimes 
more  pronounced  on  the  south  or  southwest  side  of  the  tree  than  on 
the  north  side.  It  has  been  assumed  that  this  difference  is  due  to 
the  gi-eater  intensity  of  light  and  consequently  to  greater  transpira- 
tion. Such  a  condition  was  observed  in  a  lemon  grove  near  Santa 
Paula.  A  sample  of  leaves  from  the  south  side  of  a  row  of  trees 
collected  February  20,  1929,  contained  330  p.  p.  m.  of  boron  based 
on  dry  weight,  while  a  similar  sample  collected  at  the  same  time 
from  the  north  side  of  the  trees  contained  178  p.  p.  m. 

The  walnut  tree  sheds  all  its  leaves  each  autumn.  The  leaves 
during  the  growing  season  usually  show  the  first  symptoms  of  boron 
injury  about  the  middle  of  August.  As  the  season  advances  the 
symptoms  become  more  pronounced,  and  in  cases  of  severe  boron 
injury  the  leaves  begin  to  faU  prematurely.     The  analytical  results 

63925°— 31 2 
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given  in  Table  1  show  that  in  wahiut  leaves  the  boron  content  in- 
creases as  the  leaves  approach  maturity.  Three  sets  of  leaf  samples 
were  collected  late  in  August  and  again  from  the  same  trees  in  mid- 
October.  The  boron  content  of  the  more  mature  leaves  was  nearly 
50  per  cent  higher  than  that  of  the  leaves  collected  late  in  August, 
soon  after  the  boron  symptoms  first  appeared. 

Table  1. — Increase  in  boron  content  of  walnut  leaves  with  advance  of  season 


Sample 
No. 

Date 

Locality 

Boron 
content 

Increase 

66 

1928 
Aug.  29 
Oct.      9 
Aug.  30 
Oct.    22 
Aug.  29 
Oct.      6 

Near  Simi 

P.  p.  TO.l 

432 
682 
555 
810 
755 
1,088 

P.  p.  TO.l 

45 

57 

do 

Near  Santa  Susana 

250 

74 

52 

do 

Near  Fillmore .     ..     _-.  .      . 

255 

42 

do 

333 

1  Parts  per  million. 

In  the  course  of  the  survey  of  boron  areas  in  southern  California, 
127  leaf  samples  of  lemon,  orange,  grapefruit,  and  walnut  trees  have 
been  collected  and  analyzed  for  boron.  As  each  sample  was  taken  it 
was  classified  as  uninjured,  doubtful,  or  injured,  with  respect  to 
boron  symptoms.  The  analytical  results  are  given  in  Table  2.  From 
these  results  it  may  be  seen  that,  while  the  boron  content  of  leaves 
classed  as  uninjured  may  range  up  to  300  p.  p.  m.,  the  lowest  boron 
content  of  leaves  classed  as  injured  was  460  p.  p.  m.  Of  the  whole 
series,  15  samples  were  classed  as  doubtful,  and  in  these  the  boron 
content  ranged  from  302  to  522  p.  p.  m. 

Table  2. — Boron  content  of  citrus  and  walnut  leaves  in  southern  California  classified 
with  reference  to  injurious  effect,  expressed  as  parts  per  million  based  on  the  dry 
weight  of  the  material 


Condition  of  leaves  and  kind  of  tree 


Boron  content 


Samples 


Lowest 


Highest 


Mean 


Uninjured: 

Lemon 

Orange 

Grapefruit 
Walnut..- 
Doubtful: 

Lemon 

Orange 

(irapcfruit 
Walnut.. - 
lnjured: 

Lemon 

Orange 

(trapefruit 
Walnut.. - 


Number 

30 

5 

7 

19 


P.p. 


TO. 

38 
35 
128 
108 

302 
433 


P.  p.  TO. 

285 
162 
295 
292 

380 
522 


P.p. 


305 

460 
55H 
747 
432 


378 

992 
1,062 
1,622 
1,088 


TO. 

157 
92 
231 
198 

340 
490 
468 
336 


974 

686 


In  these  field  studies  it  has  not  been  possible  to  establish  a  close 
correlation  between  the  boron  content  of  the  leaves  and  that  of  the 
irrigation  supply  if  the  latter  has  been  within  or  above  the  limits  of 
critical  concentration.  In  other  words,  the  boron  content  of  leaves 
may  be  quite  as  high  when  the  boron  content  of  the  irrigation  water 
is  between  0.5  and  1.0  p.  p.  m.  as  when  it  ranges  from  1  to  2  p.  p.  m. 
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Such  difficulties  rarely  occur  in  comparisons  between  leaves  produced 
with  waters  the  boron  content  of  w^hich  is  well  below^  the  critical 
concentration  on  the  one  hand  and  those  produced  with  waters 
the  boron  content  of  which  is  within  or  above  those  limits  on  the  other. 
It  has  been  possible  in  several  localities  to  obtain  leaf  samples  both 
from  adjacent  citrus  and  from  adjacent  walnut  groves  one  of  w^hich 
had  been  irrigated  with  water  having  a  boron  content  below  the 
critical  concentration  and  the  other  with  water  having  a  boron  con- 
tent above  0.5  p.  p.  m.  In  one  such  case  the  boron  content  of  the 
leaves  of  lemon  trees  was  68  p.  p.  m.  in  the  uninjured  grove  and  638 
p.  p.  m.  in  the  injured  grove.  In  another  case  the  leaves  of  w^alnut 
trees  from  the  uninjured  grove  contained  110  p.  p.  m.  of  boron,  while 
those  from  the  injured  grove  contained  678  p.  p.  m. 

While  the  evidence  obtained  from  these  field  studies  overwhelm- 
ingly supports  the  view^  that  boron  injury  is  due  to  boron  carried  in 
the  irrigation  water,  certain  exceptions  must  be  noted.  In  two  places — 
one  in  the  Coachella  Valley  and  one  on  the  Yuma  Mesa — severe  boron 
injury  was  found  in  restricted  areas  in  grapefruit  groves  that  were 
being  irrigated  with  water  containing  very  little  boron.  In  both 
these  cases  the  injury  appeared  to  be  due  to  local  boron  contamina- 
tion. It  was  found  that  within  each  area  the  boron  content  of  the 
soil  solution  was  high.  In  neither  case  was  it  possible  to  determine 
the  source  of  the  boron,  but  it  was  manifestly  not  derived  from  the 
present  irrigation  supply. 

Several  other  cases  have  been  found  where  trees  in  limited  areas 
showed  symptoms  of  boron  injm-y  but  where  the  evidence  indicated 
that  the  boron  had  been  applied  with  manure  or  fertilizer.  Another 
exceptional  case  was  that  of  a  lemon  grove  in  Santa  Barbara  County, 
irrigated  with  water  containing  0.8  p.  p.  m.  of  boron,  in  which  the 
boron  content  of  the  leaves  was  abnormally  low.  The  trees  in  this 
grove,  although  well  cared  for,  were  not  thrifty  or  highly  productive. 
The  leaf  symptoms  were  abnormal,  and  the  boron  content  of  three 
leaf  samples  was  68,  70,  and  88  p.  p.  m.,  respectively.  This  is  the 
only  example  so  far  found  where  the  excessive  boron  content  of  irri- 
gation water  was  not  accompanied  by  excessive  boron  content  in  lemon 
leaves.  This  w^ater  had  been  used  on  the  grove  for  three  years,  and 
it  is  possible  that  the  boron  content  of  the  soil  solution  had  not  yet 
reached  the  critical  concentration. 

ANALYSIS  OF  IRRIGATION  WATERS 

ANALYTICAL  METHODS 

DETERMINATION  OF  CONDUCTANCE 

The  writers  used  the  conventional  set-up  for  the  determination  of 
conductance.  Resistance  was  measured  with  a  Wheatstone  bridge 
supplied  with  a  1,000-cycle  alternating  current  from  a  6-volt  dry 
battery  through  a  microphone  hummer.  The  writers  have  found 
that  for  the  waters  encountered  in  this  work  an  electrode  vessel  haviug 
a  ceU  constant  of  about  1.3  is  most  useful.  The  ceU  constant  for  each 
series  of  readings  was  determined  by  notiug  the  resistance  at  25°  C. 
of  a  0.01-normal  solution  of  sodium  chloride.  The  value  0.00119 
reciprocal  ohms  (mhos)  has  been  used  as  the  specific  conductance 
{12,  V.  6,  p.  233)  of  this  solution.^     The  determinations  have  been 

<  The  value  given  is  0.00U863. 
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made  at  25°  ±0.1°,  so  that  no  temperature  correction  was  necessary. 
Two  aliquots  of  each  sample  are  placed  in  large  test  tubes  and  brought 
to  this  temperature  in  a  water  bath.  The  electrode  vessel  is  rinsed 
several  times  in  one  of  the  tubes,  then  placed  in  the  other.  An  immer- 
sion electrode  vessel  has  been  used  chiefly,  though  the  pipette  type 
also  was  found  very  satisfactory.  In  using  the  immersion  type  it  is 
essential  that  the  sample  tubes  be  of  uniform  size  and  that  they  con- 
tain a  uniform  quantity  of  the  sample. 
Conductance  is  calcvdated  from  the  ratio: 

where   7ir=  conductance    at  25°  C.   expressed   as  reciprocal    ohms; 
(7=  cell  constant;  and  /?  =  the  resistance  in  ohms  at  25°. 

DETERMINATION    OF   CARBONATE  AND  BICARBONATE 

The  carbonate  and  bicarbonate  ions  were  titrated  with  0.05-normal 
sulphuric  acid,  phenolphthalein  mdicator  being  used  for  the  carbonate 
and  methyl  orange  for  the  bicarbonate.  The  official  method  {2^  p.  93) 
was  followed. 

DETERMINATION  OF  CHLORIDE 

Chloride  was  determined  by  adding  1  c.  c.  potassium  chromate 
indicator  to  the  neutral  solution  resulting  from  the  carbonate-bicar- 
bonate titration,  and  then  titrating  with  0.05  normal  silver  nitrate 
solution.     The  official  method  was  followed  in  this  also. 

DETERMINATION  OF  SULPHATE 

vSulphate  was  determined  gravimetric  ally  as  barium  sulphate. 
The  official  method  was  followed,  except  that  silica  was  not  removed 
prior  to  the  precipitation  of  the  barium  sulphate.  The  relatively 
small  quantity  of  silica  does  not  appear  to  interfere  so  long  as  the 
volume  does  not  evaporate  below  75  to  100  c.  c. 

DETERMINATION  OF  CALCIUM  AND  MAGNESIUM 

The  soap  method  {15,  v.  2,  p.  1439)  was  used  to  determine  total 
alkahne-earth  bases,  chiefly  calcium  and  magnesium,  in  samples 
Nos.  1  to  160. 

Samples  Nos.  161  to  500  were  analyzed  by  the  official  ''total  hard- 
ness'' method  {2,  p.  107,  108).  An  aliquot  of  the  sample  was  treated 
with  a  known  volume  of  a  sodium  hydroxide-sodium  carbonate 
reagent,  which  precipitated  the  alkahne-earth  bases.  The  precipi- 
tate was  filtered  oft'  and  the  excess  reagent  titrated  in  the  filtrate. 
The  quantity  of  reagent  used  was  assumed  to  be  equivalent  to  the 
total  alkaline-earth  bases  present. 

Starting  with  No.  501  and  continuing  through  No.  767,  calcium  and 
magnesium  were  determined  separately  by  the  Clarke  soap  method 
{9)  as  modified  by  Winkler  {20).  This  method  is  described  in  detail 
by  Schreiner  and  Failyer  {13,  p.  56).  Calcium  is  determined  by 
titration  with  a  standard  soap  solution.  Alkaline  sodium  potassium 
tartrate  solution  is  added  before  the  titration.  Magnesium  is  titrated 
with  soap  in  a  separate  aliquot.  In  this  case,  alkaline  ammonium 
chloride  solution  was  added  before  the  titration. 
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For  all  samples  after  No.  767  calcium  has  been  precipitated  as  the 
oxalate  and  titrated  with  permanganate,  following  the  method 
described  by  Blasdale  {3). 

The  writers  continued  to  determine  magnesium  by  the  soap  method 
of  Winkler,  through  sample  No.  2300.  After  No.  2300,  magnesiimi 
was  precipitated  as  magnesium  ammonium  phosphate,  which  was 
ignited  and  weighed  as  the  pyrophosphate. 

As  may  be  inferred  from  the  changes  enumerated,  the  writers  were 
not  entirely  satisfied  with  the  soap  methods.  In  most  cases  the  agree- 
ment between  the  soap  methods  and  the  official  methods  was  reason- 
ably satisfactory,  but  occasionally,  when  magnesium  was  high, 
difficulty  was  encountered. 

DETERMINATION    OF    ALKALINE    BASES 

No  determination  was  made  for  the  alkalme  bases,  but  the  quan-^ 
tity  present  was  estimated  by  difference.     From  the  sum  of  the 
milligram  equivalents  of  acid  radicals    the  writers   subtracted   the 
milligram  equivalents  of  calcium  and  magnesium.     The  difference, 
expressed  as  milligram  equivalents,  is  reported  as  alkaline  bases. 

DETERMINATION    OF   BORON 

A  modification  of  the  Chapin  method  (18)  as  described  by  the 
junior  writer  {19)  was  used  for  the  determination  of  boron.  The 
boron  compound  was  separated  from  the  other  salts  by  treating  the 
evaporated  residue  with  methyl  alcohol  and  distilling  it.  The  boron 
thus  separated  was  converted  into  orthoboric  acid  and  titrated  with 
sodium  hydroxide  in  the  presence  of  mannite. 

In  some  cases,  noted  in  the  text,  a  turmeric  method  (8)  was  used. 
This  is  primarily  qualitative/ but  approximately  quantitativCv  results 
are  obtainable. 

INTERPRETATION  OF  ANALYTICAL  RESULTS 

CONDUCTANCE 

In  these  investigations  the  writers  have  used  the  specific  conduct- 
ance (K)  of  the  water  samples  as  the  measure  of  the  total  salinity,  or 
total  dissolved  electrolytes.  This  is  regarded  as  a  measurement  of  a 
definite  physical  property  of  the  water,  quite  as  significant  and 
probably  more  accurate  than  the  gravimetric  determination  of  total 
dissolved  solids.  The  specific  conductance  is  the  reciprocal  (mhos) 
of  the  electrical  resistance  of  the  solution  as  measured  in  ohms.  For 
convenience  of  expression  the  decimal  pomt  is  moved  five  places  to 
the  right;  thus,  K  =  0.00129  is  the  same  as  iiLX10^=129. 

The  specific  conductance  of  a  solution  varies  directly  with  its  con- 
centration, although  the  ratio  of  conductance  to  total  dissolved  salts 
is  not  a  constant.  Variations  from  a  constant  ratio  are  due  partly  to 
differences  in  the  degree  of  dissociation  of  the  salts  at  different 
solution  concentrations  and  partly  to  differences  in  the  atomic  weight 
and  the  motility  of  the  ions  in  solutions  of  mixed  salts  such  as  occur 
in  u'rigation  water. 

Where  desirable,  the  total  salt  content  may  be  estimated  as  pai'ts 
per  million  from  a  conductance  determination  by  the  use  of  suitable 
conversion  factors.  For  approximate  estimates  with  irrigation 
waters  having  a  conductance  of  100  or  more,  in  which  sulphates 
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predominate,  the  conductance  multiplied  by  7  will  give  a  figure 
fairly  close  to  the  total  salt  content  in  parts  per  million.  If  the 
conductance  is  much  below  100  or  if  chlorides  predominate  in  the 
salt  complex,  then  the  conductance  multiplied  by  6  will  be  nearer 
the  true  value  for  total  salt  content.  If  it  is  desired  to  estimate  the 
salt  content  of  water  in  terms  of  tons  of  salt  per  acre-foot  of  water 
it  may  be  assumed  that  a  conductance  of  100  is  approximately  equiv- 
alent to  1  ton  of  salt  per  acre-foot.  The  writers  prefer,  however,  to 
use  the  conductance  for  comparative  purposes,  as  an  accurate  measure 
of  a  significant  and  definite  physical  property  of  irrigation  water. 


The  boron  content  is  expressed  as  parts  per  million  of  elemental 
boron  in  the  solution.  Although  the  writers  have  reported  in  their 
tables  values  carried  to  the  second  decimal  place  they  do  not  mean 
to  imply  full  confidence  in  the  last  figure.  The  aliquots  and  the 
titrating  solution  are  of  such  proportions  that  0.05  c.  c.  of  the  latter 
is  equivalent  to  0.01  p.  p.  m.  of  boron,  and,  while  the  error  of  such 
burette  reading  is  not  great,  there  are  other  sources  of  possible  error 
in  the  process  of  analysis. 

MILLIGRAM    EQUIVALENTS 

The  writers  have  elected  to  express  the  salt  constituents  other 
than  boron  in  terms  of  milligram  equivalents,  or  reacting  units,  rather 
than  in  parts  per  million,  because  they  believe  that  the  relative  con- 
centrations are  better  shown  in  this  way.  In  the  following  paragraphs 
is  given  the  atomic  or  combining  weight  of  each  constituent,  so  that 
if  it  is  desired  to  compute  the  writers'  results  as  parts  per  million, 
it  may  be  done  by  multiplying  the  number  of  milligram  equivalents 
by  the  weight  given. 

CARBONATE    AND    BICARBONATE 

The  carbonate  and  bicarbonate  ions  have  been  grouped  together 
because  relatively  few  irrigation  waters  contain  appreciable  quantities 
of  normal  carbonates.  Furthermore,  the  carbonate-bicarbonate 
balance  in  a  water  sample  is  influenced  by  the  conditions  of  tempera- 
ture and  aeration  to  which  it  has  been  subjected,  through  the  absorp- 
tion or  liberation  of  carbon  dioxide.  In  the  titrations  50  c.  c.  aliquots 
and  0.05-normal  acid  were  used,  so  that  a  burette  reading  of  0.05 
c.  c.  corresponds  to  0.05  milligram  equivalent.  The  combining  weight 
of  the  bicarbonate  ion  is  61,  and  this  factor  should  be  used  in  con- 
verting milligram  equivalents  of  CO3  +  HCO3  to  parts  per  million. 

CHLORIDE 

In  the  chloride  titration  the  same  aliquot  is  used  as  in  the  bicar- 
bonate titration,  and  the  silver  nitrate  is  also  0.05  normal.  The 
combining  weight  of  the  chloride  ion  is  35.5.  If  it  is  desired  to  com- 
pute the  equivalent  sodium  chloride,  the  factor  58.5  should  be  used. 

SULPHATE 

In  the  sulphate  determination  an  aliquot  of  200  c.  c.  is  used  and 
the  precipitate  as  barium  sulphate  is  weighed  to  0.1  milligram.  This 
corresponds  to  0.0043  milligram  equivalent  per  liter.    The  combining 
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weight  of  the  hydrogen  equivalent  of  sulphate  ion  is  48,  or  the  sulphate 
content  may  be  computed  as  calcium  sulphate  by  multiplying  the 
milligram  equivalents  by  68. 

CALCIUM    AND    MAGNESIUM 

Calcium  and  magnesium  have  been  determined  sometimes  together 
and  sometimes  separately.  Taken  together,  they  may  be  referred  to 
as  the  alkaline-earth  bases.  The  combining  weight  of  calcium  is  20 
and  that  of  magnesium  12.15.  Where  they  are  reported  together, 
the  factor  20  should  be  used  to  obtain  the  corresponding  parts  per 
million. 

ALKALINE    BASES 

The  alkaline  bases  include  the  sodium  and  potassium  contained  in 
the  water.  These  constituents  have  not  been  determined  except  for 
a  few  samples.  The  figures  reported  in  the  tables  are  obtained  by 
adding  together  the  milligram  equivalents  of  bicarbonate,  chloride, 
and  sulphate,  and  from  that  sum  subtracting  the  sum  of  the  calcium 
and  magnesium.  Since  it  is  known  that  sodium  is  the  predominant 
element  in  this  group,  it  is  customary  to  use  its  combining  weight, 
23,  as  the  factor  for  computing  parts  per  million. 

TOTAL    SALTS 

One  of  the  methods  sometimes  used  as  a  basis  for  estimating  the 
total  salts  in  irrigation  water  is  to  add  together  the  products  of  the 
milligram  equivalents  by  their  combiniag  weights.  When  this  is 
done  it  is  customary  to  include  for  the  bicarbonate  only  half  its 
product  because  of  the  loss  of  carbon  dioxide  that  occurs  when  the 
alkaline-earth  carbonates  are  precipitated  by  evaporation. 

HARDNESS 

The  total  hardness  of  water,  as  this  term  is  used  in  relation  to 
domestic  or  industrial  waters,  implies  the  quantity  of  the  alkaline- 
earth  bases  computed  as  calcium  carbonate  in  parts  per  million. 
Thus  the  sum  of  the  milligram  equivalents  of  calcium  and  magnesium 
multiplied  by  50  gives  the  total  hardness. 

In  water  for  domestic  or  industrial  use  a  high  degree  of  hardness  is 
not  desirable,  but  for  irrigation  hardness  is  no  disadvantage.  In 
fact,  hard  water  is  definitely  beneficial  in  its  effect  on  the  physical 
condition  of  the  soil.  This  is  because  of  the  reactions  of  base  exchange 
that  take  place  between  the  soil  and  the  salts  of  the  soil  solution. 
As  the  sodium  salts  of  the  soil  solution  become  more  concentrated 
through  the  application  of  soft  water  the  reactions  of  base  exchange 
tend  to  unite  the  sodium  with  the  soil  and  to  release  equivalent  quan- 
tities of  calcium  from  soil  compounds  into  the  solution.  Such  reac- 
tions impair  the  physical  condition  of  the  soil,  making  it  impermeable 
to  water.  On  the  other  hand,  if  the  soil  solution  contains  more  cal- 
cium than  sodium,  the  results  of  reactions  of  base  exchange  are  not 
likely  to  be  injurious  to  the  physical  condition  of  the  soil,  and  may  be 
beneficial.  For  this  reason  the  degree  of  hardness  in  irrigation  water 
can  not  properly  be  judged  except  in  reference  to  the  quantity  of  the 
alkaline  bases  with  which  it  is  associated.  Thus,  if  the  quantity  of 
alkaline-earth  bases,  expressed  as  milligram  equivalents  of  calcium  and 
magnesium,  is  much  in  excess  of  the  alkaline  bases,  expressed  as 
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inilligram  equivalents  of  sodium,  the  water  would  be  described  as 
hard  and  desirable  for  irrigation.  But  if  these  proportions  are  reversed 
so  that  the  alkaline  bases  are  in  excess,  the  water  would  be  referred 
to  as  soft,  even  though  it  contained  so  much  calcium  and  magne- 
sium as  to  be  unsatisfactory  for  domestic  or  industrial  use. 

SURFACE  WATERS  OF  THE  SANTA  CLARA  VALLEY 

The  Santa  Clara  River  rises  near  Acton,  Calif.,  at  the  head  of 
Soledad  Canyon,  north  of  the  San  Gabriel  Mountains.  It  flows  west- 
ward about  75  miles  into  the  Pacific  Ocean  near  Ventura.  Its  chief 
tributaries  enter  from  the  north.  (Fig.  3.)  From  Soledad  Canyon 
to  its  delta,  the  flood  plain  is  generally  broad  and  composed  of  sand 
and  gravel.  The  downstream  movement  of  water  through  the  porous 
material  of  the  flood  plain  is  impeded  by  several  subsurface  dikes  of 
rock  or  other  impermeable  material,  so  that  while  the  surface  of  the 
stream  bed  is  usually  dry  in  long  sections,  except  at  flood  time,  there 
are  several  sections  in  which  there  are  pools  or  sluggish  streams 
throughout  the  year.  Practically  all  the  surface  flow  except  that 
from  occasional  floods  is  diverted  for  irrigation. 

The  quality  of  the  surface  water  of  the  main  stream  and  of  some  of 
its  tributaries  is  shown  in  Table  3.  The  locations  in  this  table  are  to 
be  found  on  the  map,  Figure  3,  being  the  numbers  inclosed  in  circles. 
The  first  five  locations  listed  in  the  table  represent  conditions  above 
the  junction  of  Piru  Creek,  where  analyses  show  that  very  little 
boron  is  contributed  to  the  main  stream.  The  effect  of  boron  con- 
tributed by  Piru  Creek  is  shown  by  the  increase  in  the  mean  boron 
content  of  the  samples  collected  at  location  8,  the  highway  bridge 
between  Fillmore  and  Bardsdale  (0.99  p.  p.  m.),  as  compared  with  the 
mean  of  those  collected  at  location  5,  Newhall  ranch  bridge  (0.49 
p.  p.  m.),  an  increase  of  0.50  p.  p.  m.  Piru  Creek  (location  6),  with 
an  annual  mean  boron  content  of  1.56  p.  p.  m.,  and  Sespe  Creek 
(location  9),  with  an  annual  mean  of  2.01  p.  p.  m.,  appear  to  be  the 
chief  sources  of  boron  in  the  Santa  Clara  drainage  system.  The 
waters  of  Hopper  Creek  (location  7)  and  of  Santa  Paula  Creek  (loca- 
tion 12),  though  represented  in  the  table  by  only  one  sample  in  each 
case,  appear  to  carry  very  little  boron. 


Table  3. 

— Quality  of  surface  waters  of  the  Santa  Clara  River  and  its  tributaries 

Location 
No. 

Samples 

Dis- 
charge 

K  X105 
at  25°  C. 

Boron 

Milligram  equivalents 

003+ 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1 

Number 
1 
1 
1 
1 
20 
56 
1 

13 
56 
13 
8 
1 

C.  /".  .s.i 
■  1.  fiO 
1.00 
1.00 
1.00 
7.10 
6.04 

7.8 
8.23 
20.5 
16.0 

W 
206 

70 

80 

157.  3 
194.  7 
185.0 
122.  0 

96.8 
120.0 
138.4 

69 

P.  p.  m. 

0.  40 
.46 
.  16 
.20 
.49 

1..'')6 
.23 
.99 

2.01 
.75 
.81 
.10 

6.  .W 
7.10 
5. 02 
5.03 
4.89 
5.09 
8.28 
4.20 
2.99 
4.11 
4.26 
3.45 

1.  54 
1.  41 

.72 

.  57 
1.66 
1.90 

.98 
1.02 
2.60 
1.04 
1.75 

.20 

2.  33 
17.  40 
1.66 
3.49 
11.23 
16.  57 
12.  14 
8.  55 
4.36 
8.19 
9.86 
4.20 

6.  70 
17.80 

7.  43 
9.  02 

12.  12 
15.88 
15.28 
10.73 

5.99 
10.  19 
12.19 

7.20 

3.69 

2 

3 

S.  13 
"".07 

5 :""::::: 

5.66 

6 

7.66 

7 -. 

6.12 

8 

3.04 

9 

10 

3.96 
3.15 

11. _ 

3.68 

12 

.65 

1  Cubic  feet  per  second. 
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Locations  10  and  11  are  on  the  main  stream  below  the  junction  of 
Sespe  Creek.  While  the  mean  boron  content  reported  for  these  two 
locations  is  somewhat  lower  than  that  reported  for  location  8,  it  seems 
probable  that  the  differences  are  due  to  variations  in  discharge  at  the 
time  of  samphng.  It  is  to  be  noted  that  the  waters  of  the  Santa  Clara 
River  are  relatively  low  in  chlorides  and  high  in  bicarbonates,  sul- 
phates, and  alkaline-earth  bases.  The  water  of  Sespe  Creek  is  excep- 
tional in  having  less  bicarbonates  and  sulphates  and  more  chlorides 
than  the  other  sources. 

With  respect  to  the  values  for  discharge  given  in  Table  3,  and  in  the 
descriptions  of  locations  it  should  be  said  that  these  are  based  on  esti- 
mates made  when  the  samples  were  taken.  It  should  not  be  assumed 
that  they  may  be  used  as  a  basis  for  estimating  the  total  discharge  or 
the  mean  annual  discharge  of  the  stream.  The  subject  of  the  stream 
flow  of  this  drainage  basin  has  been  under  investigation  since  1927  by 
Richard  H.  Jamison,  of  the  division  of  water  resources  of  the  California 
Department  of  Public  Works,  and  two  reports  have  been  issued.^ 

LOCATIONS    LISTED    IN    TABLE    3 

(See  fig.  3) 

1.  The  Santa  Clara  River,  near  its  headwaters,  in  the  Soledad  Canyon  east  of 
Lang;  sampled  July  15,  1928. 

2.  The  Santa  Clara  River,  near  the  Junction  of  San  Francisquito  Creek,  2  miles 
west  of  Saugus;  sampled  July  15,  1928. 

3.  San  Francisquito  Creek,  above  the  junction  with  Clearwater  Creek;  sampled 
April  18,  1929. 

4.  Clearwater  Creek,  above  its  junction  with  San  Francisquito  Creek;  sampled 
April  18,  1929. 

5.  The  Santa  Clara  River  at  Newhall  Ranch  Bridge,  4  miles  above  Piru;  sam- 
pled for  20  consecutive  weeks  from  February  19  to  July  16,  1929.  During  that 
period  the  discharge  ranged  from  20  to  0.25  cubic  feet  per  second,  and  the  boron 
content  from  0.34  to  0.84  p.  p.  m. 

6.  Piru  Creek,  at^the  diversion  dam,  1.2  miles  above  Piru;  sampled  weekly 
from  July  18,  1928,  to  August  6,  1929.  During  that  period  the  discharge  ranged 
from  20  to  1  cubic  foot  per  second  and  the  boron  content  from  0.92  to  2.35 
p.  p.  m. 

7.  Hopper  Creek,  at  the  crossing  of  the  State  highway,  2.5  miles  west  of  Piru 
and  1  mile  above  its  junction  with  the  Santa  Clara  River.  The  creek  is  ordinarily 
dry  at  this  point,  but  carried  some  water  following  the  spring  rains.  Sampled 
April  8,  1929. 

8.  The  Santa  Clara  River,  at  the  highway  bridge  between  Fillmore  and  Bards- 
dale.  This  is  below  the  junction  of  Piru  and  Hopper  Creeks,  but  2  miles  above 
the  junction  of  Sespe  Creek.  The  river  is  usually  dry  at  this  point  except  during 
the  spring.  Sampled  weekly  from  February  5  to  May  7,  1929.  The  discharge 
during  that  period  ranged  from  15  to  2  cubic  feet  per  second  and  the  boron  content 
from  0.64  to  1.31  p.  p.  m. 

9.  Sespe  Creek,  at  the  diversion  dam,  4.5  miles  above  the  junction  with  the 
Santa  Clara  River,  and  above  the  town  of  Fillmore.  The  discharge  as  reported 
in  the  table  is  the  mean  of  weekly  estimates  made  at  the  diversion  dam.  During 
the  same  period  the  discharge  of  the  stream  was  measured  17  times  by  Richard 
H.  Jamison  of  the  division  of  water  resources  of  the  State  of  California.  These 
measurements  were* made  both  at  the  diversion  dam  and  at  the  highway  bridge 
west  of  Fillmore.  The  mean  of  the  Jamison  measurements — total  discharge, 
including  diversion — is  13.73  cubic  feet  per  second.  The  samples  here  reported 
were  taken  weekly  from. July  18,  1928,  to  August  6,  1929.  The  range  of  discharge 
was  from  25  to  2  cubic  feet  per  second,  and  the  range  of  boron  content  was  from 
0.45  to  3.66  p.  p.  m. 

5  Jamison,  R.  H.  ventura  county  investigation,  report  for  the  period  august  20,  1927,  to  july 
31,  1928.  Calif.  Dept.  Pub.  Works,  Div.  Water  Rights.  228  p.,  illus.  Sacramento,  Colif.  1928.  [Mimeo- 
graphed.] 

VENTURA  COUNTY  INVESTIGATION.      REPORT  FOR  THE   PERIOD  AUGUST   1,   1928,  TO  JULY  31,   1929. 

Calif.  Dept.  Pub.  Works,  Div.  Water  Resources  Rpts.    165  p.,  illus.    Sacramento,  Calif.    1929.    [Mimeo- 
graphed.] 
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10.  The  Santa  Clara  River,  above  Dent's  Slough,  the  point  of  diversion  for  the 
ditch  of  the  Farmers'  Irrigation  Co.  located  about  3  miles  upstream  from  the 
highway  bridge  across  the  river  at  Santa  Paula.  The  samples  were  taken  during 
the  period  January  3  to  June  11,  1929.  The  estimated  discharge  ranged  from  50 
to  16  cubic  feet  per  second  and  the  boron  content  from  0.58  to  1.12  p.  p.  m. 

11.  The  Santa  Clara  River,  at  the  point  of  diversion  for  the  ditch  of  the  South 
Mountain  Lemon  Co.  located  about  three-fourths  of  a  mile  upstream  from  the 
highway  bridge  across  the  river  at  Santa  Paula.  Of  the  eight  samples  included 
in  the  table,  seven  were  taken  weekly  from  December  26,  1928,  to  February  12, 
1929,  and  one  on  August  6,  1929.  The  estimated  discharge  ranged  from  25  to 
10  cubic  feet  per  second,  and  the  boron  content  from  0.52  to  0.96  p.  p.  m. 

12.  Santa  Paula  Creek,  above  its  junction  with  Sisar  Creek;  sampled  December 
29   1928. 

UNDERGROUND  WATERS  OF  THE  SANTA  CLARA  VALLEY 

The  irrigation  agriculture  of  the  Santa  Clara  Valley  is  supported 
partly  by  the  surface  waters  diverted  from  that  stream  and  its  tribu- 
taries, and  partly  by  waters  drawn  from  the  underground  supplies  of 
the  valley.  It  is  to  be  assumed  that  these  underground  water  supplies 
are  replenished  both  by  percolation  from  the  stream  channels  and  by 
the  uncollected  run-off  from  the  hills  on  either  side  of  the  valley. 
Since  these  well  waters  constitute  an  important  part  of  the  local  irri- 
gation supply,  it  seemed  desirable  to  undertake  a  detailed  survey  of 
them,  not  only  to  obtain  evidence  as  to  what  concentration  of  boron 
in  irrigation  water  causes  injury  to  the  various  crop  plants,  but  also 
to  learn  what  variations  occur  in  boron  concentration  in  w^hat  ap- 
pears to  be  a  connected  body  of  underground  water. 

In  this  survey  samples  were  taken  from  20  wells,  all  of  which  are 
used  for  irrigation.  These  wells  represent  an  area  extending  from  a 
short  distance  east  of  Piru  to  Montalvo  on  the  delta  plain  of  the  Santa 
Clara  River,  a  distance  of  approximately  30  miles.  (See  fig.  3,  in  which 
the  numbers  along  the  Santa  Clara  River,  not  in  circles,  correspond  to 
the  locations  in  Table  4.)  Altogether,  173  samples  were  analyzed  in 
connection  with  this  survey.  (Table  4.)  With  one  exception  the 
results  for  each  well  are  based  on  the  analyses  of  four  or  more  samples. 
These  samples  were  taken  usually  during  the  irrigation  season,  with 
intervals  of  four  weeks  between  the  dates  of  sampling. 


Table  4.- 


-Quality  of  underground  water  as  obtained  from  irrigation  wells  in  the 
valley  of  the  Santa  Clara  River 


Samples 

KXIOS 
at  25°  C. 

Boron 

Milligram  equivalents 

Location  No. 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1... 

Number 
7 

49 
5 
5 
6 
4 
4 
5 

18 
4 

11 

11 
6 
5 
7 
2 
4 
6 
7 
7 

148 
137 
147 
152 
114 
258 
131 
120 
105 

82.4 
101 
116 
120 
109 
118 

94 
116 
141 
156 
136 

P.  p.  m. 
0.51 
1.24 
1.09 
1.28 
.90 
.72 
.48 
.43 
.97 
.42 
.89 
.57 
.56 
.40 
.47 
.44 
.28 
.51 
.53 
.54 

5.22 
3.95 
4.57 
5.01 
3.69 
6.80 
4.66 
4.44 
4.16 
3.91 
4.05 
4.42 
4.47 
4.85 
4.36 
4.90 
5.21 
5.50 
5.27 
4.27 

1.48 
1.14 

.77 
1.15 

.74 
1.54 
1.25 
1.17 
1.44 
1.36 
1.43 

.99 
1.10 

.80 
1.06 

.63 
1.02 
1.84 
1.96 
1.49 

10.35 
11.03 
12.08 
11.57 
8.46 
25.25 
8.79 
7.96 
6.13 
3.43 
5.32 
7.42 
8.19 
6.41 
7.84 
5.02 
6.75 
8.72 
10.61 
9.51 

11.81 
12.12 
14.60 
15.01 
11.20 
31.87 
10.89 
10.04 
7.72 
7.00 
7.28 
9.34 
7.92 
9.94 
9.72 
7.74 
8.61 
11.31 
11.61 
10.50 

5.24 

2.. 

4.02 

3. 

2.82 

4. 

2.72 

5 

1  69 

6. 

1  72 

7 

3.81 

8 

3  53 

9. 

4.01 

10 

1  70 

11... 

3  52 

12 

3  49 

13 

5  84 

14  -- 

2  12 

15 

3  61 

16 

2  81 

17 

4  37 

18 

4  75 

19 

6.23 
4,77 

20 
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An  inspection  of  Table  4  shows  at  once  that  there  is  a  very  low 
correlation  between  the  total  salt  content  and  the  boron  concentration. 
Nor  is  there  high  correlation  between  the  boron  and  the  chloride  con- 
centrations, such  as  is  noted  later  in  the  description  of  the  Owens 
River  area.  These  results  appear  to  warrant  the  inference  that  the 
boron  contained  in  these  underground  waters  is  not  derived  locally 
by  solution  from  material  in  the  water-bearing  strata  but  is  brought 
in  by  the  percolating  waters  from  sources  outside  the  valley. 

It  was  noted  in  the  section  dealing  with  the  surface  waters  of  this 
valley  that  the  boron  content  was  low  in  the  waters  above  the  junction 
of  Piru  Creek.  In  the  present  series  the  water  from  location  1,  which 
is  2  miles  above  this  junction,  has  a  boron  content  of  0.51  p.  p.  m., 
while  that  from  location  2,  just  below  Piru  Creek,  contains  1 .24  p.  p.  m. 
With  respect  to  the  other  constituents,  these  two  waters  are  not  very 
different.  Locations  2,  3,  and  4  are  in  the  valley  below  the  junction 
of  Piru  Creek,  and  all  three  contain  more  than  1  p.  p.  m.  of  boron. 
Locations  5  and  6,  although  in  the  same  area,  are  more  to  the  west  and 
nearer  Hopper  Creek,  the  effect  of  which  may  be  to  reduce  the  boron 
content  by  dilution,  though  the  water  at  location  6  is  very  high  in 
total  salts. 

The  well  at  location  7  is  close  to  the  bed  of  Pole  Creek.  Here  the 
water  is  low  in  boron  though  not  essentially  different  from  many 
other  wells  in  the  valley  with  respect  to  the  other  salt  constituents. 
The  well  at  location  8  is  south  of  the  Santa  Clara  River,  near  the 
mouth  of  Grimes  Canyon.  The  boron  content  of  this  is  low  as  com- 
pared with  that  of  either  the  surface  or  subsurface  waters  of  the  main 
stream  above  this  point.  It  is  known  that  some  of  the  gi'ound  waters 
of  Grimes  Canyon,  as  at  Dryden  Spring,  are  very  low  in  boron  and  in 
other  salts  also.  Individual  samples  from  other  wells  in  the  Bardsdale 
area  indicate  that  not  all  the  underground  water  south  of  the  river 
at  this  point  is  low  in  boron.  This  area  is  opposite  the  delta  of  Sespe 
Creek,  the  boron  content  of  which  is  high,  and  there  is  a  possibility 
that  some  of  the  wells  on  the  south  side  of  the  river  tap  strata  that  arc 
replenished  in  part  from  this  creek. 

The  well  at  location  9  is  west  of  Sespe  Creek  but  close  to  the  flood 
jilain  of  the  Santa  Clara  River.  It  was  installed  to  provide  an  irri- 
gation supply  in  place  of  surface  water  from  Sespe  Creek  that  was 
believed  to  have  caused  injury  to  citrus  and  walnut  trees.  The 
water  from  this  well  when  compared  with  that  of  Sespe  Creek  (loca- 
tion 9,  Table  3)  is  seen  to  contain  much  less  boron.  Its  average  is 
0.97  p.  p.  m.,  while  Sespe  Creek  averaged  2.01  p.  p.  m.  The  other 
constituents  are  slightly  different  also.  The  bicarbonate  and  sulphate 
content  of  the  well  water  is  higher  and  the  chloride  content  is  lower 
than  that  of  the  creek  water,  indicating  that  the  well  draws  on  some 
of  the  percolating  waters  of  the  Santa  Clara  River,  which  are  charac- 
teristically high  m  bicarbonates  and  sulphates.  The  well  at  location 
11  yields  water  very  similar  to  that  at  location  9.  The  wells  are  only 
1  mile  apart,  and  both  are  at  the  edge  of  the  flood  plain  of  the  river. 

The  well  at  location  10  is  one  that  merits  special  consideration. 
It  is  in  the  same  general  area  as  locations  9  and  11,  but  is  about  one- 
fourth  mile  north  of  the  river  bed  and  near  the  foothills.  The  water 
supply  is  not  large,  about  0.4  cubic  foot  per  second,  and  is  used  to 
irrigate  a  small  citrus  orchard.  The  trees  on  either  side  of  this 
orchard  have  been  irrigated  either  with  Sespe  Creek  water  or  water 
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from  the  well  at  location  9.  In  these  the  evidences  of  boron  injury 
are  very  plain,  while  the  trees  irrigated  from  this  well  show  no 
symptoms  of  boron  injury.  It  seems  probable  that  this  well  taps  a 
supply  of  underground  w^ater  that  is  largely  replenished  by  run-off 
from  the  adjacent  hills  containing  much  less  boron  than  the  under- 
ground waters  of  the  center  of  the  valley.  The  conditions  surround- 
ing the  well  tend  to  support  the  view  that  if  irrigation  water  contains 
less  than  one-half  p.  p.  m.  of  boron  its  use  on  citrus  and  walnut  trees 
is  not  likely  to  cause  serious  boron  injury. 

The  wells  at  locations  12  and  13  are  both  situated  close  to  the 
flood  plain  of  the  Santa  Clara  River,  some  distance  downstream 
from  the  well  at  location  11.  The  water  from  these  two  wells  is  of 
the  same  quality,  but  differs  from  that  at  location  11  in  having 
slightly  more  salt  and  slightly  less  boron.  The  next  three  wells 
listed  in  the  table,  those  at  locations  14,  15,  and  16,  are  located  still 
farther  downstream  toward  the  delta  of  Santa  Paula  Creek.  The 
run-off  of  this  stream  and  of  Timber  Canyon  doubtless  contributes 
water  of  low  boron  content  that  tends  to  dilute  the  underground 
supply  of  this  area  with  respect  to  that  element.  The  well  at  loca- 
tion 17  is  situated  west  of  the  delta  of  Santa  Paula  Creek  and  close 
to  the  north  edge  of  the  valley  at  the  mouth  of  Fagan  Canyon.  The 
boron  content  of  its  water  is  the  lowest  of  any  in  this  series.  The 
surface  water  of  Santa  Paula  Creek  (location  12,  Table  3)  is  very 
low  in  boron  and  may  contribute  to  the  supply  drawn  upon  by  this  well. 

The  last  two  w^ells,  those  at  locations  19  and  20,  reported  in  Table 
4  are  located  in  the  flood  plain  near  the  mouth  of  the  Santa  Clara 
River,  and  these  waters  should  represent  a  composite  sample  of  what 
may  be  referred  to  as  the  ''underflow"  of  that  stream.  With  respect 
to  total  salts  as  measured  by  conductance,  these  waters  are  very 
little  above  the  average  of  the  upstream  samples.  The  boron  content 
is  less  than  that  found  at  several  points  above,  which  indicates  that 
the  effect  of  the  run-off  below  Sespe  Creek  is  to  dilute  the  underflow 
with  respect  to  that  element. 

LOCATIONS   OF    WELLS   LISTED    IN    TABLE   4 

(See  fig.  3) 

1.  CamuloR  ranch,  domestic  well,  2yi  miles  east  of  Piru,  one-quarter  mile  south 
of  highway;  depth,  154  feet;  discharge,  0.4  cubic  feet  per  second. 

2.  Warring  well,  0.1  mile  north  of  the  packing  house  of  the  Piru  Citrus  Associa- 
tion, Piru,  depth,  275  feet;  discharge,  1.6  cubic  feet  per  second. 

3.  Padelford  well  No.  1,  2  miles  west  of  Piru,  0.3  mile  north  of  highway,  NE. 
%  sec.  25,  T.  4  N.,  R.  19  W.;  depth,  223  feet,  perforated  below  173  feet;  dis- 
charge, 0.5  cubic  feet  per  second. 

4.  Citrola  ranch  well,  2  miles  west  of  Piru,  100  feet  south  of  highway,  SE. 
Yi  sec.  25,  T.  4  N,,  R.  19  W.;  depth,  220  feet;  discharge,  1.5  cubic  feet  per  second. 

5.  Carter  ranch  well,  2.1  miles  west  of  Piru;  0.2  mile  south  of  highway,  SE.  % 
sec.  25,  T.  4  N.,  R.  19  W.;  depth,  200  feet;  discharge,  2.5  cubic  feet  per  second. 

6.  Padelford  well  No.  2,  2.4  miles  west  of  Piru;  0.2  mile  north  of  highway'  on 
east  bank  of  Hopper  Creek;  depth,  215  feet;  discharge,  2  cubic  feet  per  second. 

7.  Texas  Refinery  well  No.  3,  one-.half  mile  east  of  Fillmore;  50  feet  north  of 
highway,  on  the  east  bank  of  Pole  Creek;  depth,  750  feet;  discharge,  2.4  cubic 
feet  per  second. 

8.  King  ranch  well,  west  of  Bardsdale,  one-fourth  mile  west  on  first  road  from 
south  end  of  bridge  between  Fillmore  and  Bardsdale;  depth,  263  feet;  discharge, 
1.5  cubic  feet  per  second. 

9.  Brownstone  well,  on  the  west  bank  of  Sespe  Creek,  1J4  miles  west  of  Fill- 
more and  0.2  mile  south  of  highway;  depth,  260  feet;  discharge,  3  cubic  feet  per 
second. 
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10.  Lombard  ranch  well,  2]/^  miles  west  of  Fillmore;  400  yards  north  of  highway 
on  Oak  Road;  depth,  150  feet;  discharge,  0.4  cubic  feet  per  second. 

11.  Sespe  ranch  well  No.  3,  2.5  miles  west  of  Fillmore  on  the  north  bank  of 
Sespe  Creek;  depth,  404  feet;  discharge,  3.8  cubic  feet  per  second. 

12.  Sespe  ranch  well  No.  2,  4.5  miles  west  of  Fillmore-Bardsdale  bridge  on 
the  north  side  of  the  Santa  Clara  River  at  the  edge  of  the  flood  plain;  depth, 
375  feet;  discharge,  2.2  cubic  feet  per  second. 

13.  Sespe  ranch  well  No.  1,  3  miles  west  of  Fillmore-Bardsdale  bridge  on  the 
north  side  of  the  Santa  Clara  River  near  ranch  headquarters,  at  the  edge  of  the 
flood  plain  of  the  river;  depth,  320  feet;  discharge,  4  cubic  feet  per  second. 

14.  Hardscrabble  Water  Co.  well,  on  delta  cone  of  Timber  Canyon,  1.65  miles 
east  of  Highway  Bridge  across  Santa  Paula  Creek,  0.3  mile  south  of  highway; 
depth,  360  feet;  discharge,  3  cubic  feet  per  second.  The  static  level  is  at  the 
ground  surface;  the  draw  down  is  12  feet  for  3  cubic  feet  per  second  discharge. 

15.  Farmers'  Irrigation  Co.  well  No.  7,  NE.  }i  sec.  12,  T.  3  N.,  R.  21  W.,  0.6 
mile  east  of  highway  bridge  across  Santa  Paula  Creek  and  0.3  mile  south  of  high- 
w^ay.     Depth,  260  feet;  discharge,  5  cubic  feet  per  second. 

16.  Teague-McKevett  well,  0.55  mile  east  of  Highway  Bridge  across  Santa 
Paula]Creek  and  0.2  mile  north  of  highway;  depth,  381  feet;  discharge,  3  cubic 
feet  per  second. 

1 7.  Blanchard  well,  Santa  Paula,  0.6  mile  north  of  Main  Street  at  Palm  Street 
on  the  east  bank  of  Fagan  Canyon;  depth,  394  feet;  discharge,  1.2  cubic  feet  per 
second. 

18.  Ventura  County  Country  Club  well,  0.3  mile  northwest  of  Saticoy;  depth, 
100  feet;  discharge,  0.9  cubic  feet  per  second. 

19.  Alta  mutual  wells,  Saticoy,  in  flood  plain  of  the  Santa  Clara  River,  0.35 
mile  southeast  of  highway  crossing  of  railroad;  depth,  665  feet;  discharge,  5.4 
cubic  feet  per  second  for  four  wells. 

20.  Montalvo  mutual  wells,  1  mile  southwest  of  Montalvo,  in  the  flood  plain 
of  the  Santa  Clara  River;  depth,  586  feet;  discharge,  9  cubic  feet  per  second  for 
two  wells. 

SUCCESSIVE  HORIZONS  OF  UNDERGROUND  WATER 

In  making  a  survey  of  the  underground  waters  of  the  Santa  Clara 
Valley  it  was  found  that  the  valley  fill  is  composed  of  irregular  strata 
of  gravel,  sand,  and  clay.  Some  of  these  strata  yield  water  readily 
and  abundantly,  others  are  impermeable,  or  ''dry."  When  wells  are 
drilled  it  is  customary  to  keep  a  record  of  strata  encountered  and  sub- 
sequently to  perforate  the  casing  opposite  the  sections  of  water-bear- 
ing gravel.  When  the  pump  is  finally  installed,  the  water  may  be 
drawn  in  part  from  all  these  strata  and  thus  represent  a  composite 
of  all. 

In  view  of  the  possible  localization  of  boron  contamination,  it 
seemed  desirable  to  determine  whether  there  were  differences  in  the 
quality  of  the  water  from  the  successive  horizons  encountered  in 
drilling  deep  wells.  An  opportunity  for  making  this  investigation 
was  afforded  during  the  spring  of  1929  when  five  wells  were  being 
drilled  in  the  vicinity  of  Santa  Paula.  As  each  well  was  drilled, 
samples  of  water  were  taken  from  time  to  time  for  analysis.  The 
results  of  these  analyses  from  two  of  the  wells  are  reported  in  Tables 
5  and  6.  The  conditions  found  in  the  other  three  wells  were  not 
essentially  different  from  those  in  these  two.  In  the  case  of  the  well 
known  as  Citrus  No.  1  (Table  5)  the  successive  samples  were  essen- 
tially the  same  with  respect  to  their  salts,  including  the  boron.  In 
the  other  well,  Church  No.  2  (Table  6),  the  first  water  encountered 
was  higher  in  salts  and  in  boron  than  the  deeper  water.  The  third 
sample,  taken  at  270  feet,  was  also  higher  in  boron  than  the  deeper 
water,  but  the  total  salt  content,  as  measured  by  conductance,  was 
only  slightly  higher.  In  this  well  the  casing  was  perforated  only 
at  the  lower  strata. 
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Table  5. — Quality  of  water  from  successive  horizons   encountered  in  drilling  a 
well,  Citrus  No.  1,  in  Santa  Paula  in  February,  1929 

[Depth,  394  feet;  discharge,  4  cubic  feet  per  second] 


Sample 
No. 

KX105 
at  25°  C. 

Milligram  equivalents 

Date 

Depth 

Boron 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1929 

Feet 

P.  p.  m. 

621 

Feb.     2 

106 

106 

0.29 

4.65 

1.18 

5.31 

7.23 

3.91 

622 

Feb.     5 

132 

114 

.32 

5.00 

1.30 

5.76 

9.96 

2.10 

646 

Feb.   14 

1190 

109 

.32 

4.80 

1.25 

5.78 

10.50 

1.33 

666 

Feb.   23 

232 

109 

.34 

5.10 

1.15 

5.73 

7.71 

4.27 

667 

Feb.  25 

255 

112 

.31 

5.10 

1.10 

5.75 

8.27 

3.68 

672 

Feb.   26 

287 

111 

.32 

5.20 

1.20 

5.76 

8.40 

3.76 

704 

Mar.    2 

318 

105 

.33 

5.00 

1.20 

5.81 

8.52 

3.49 

705 

Mar.    2 

328 

108 

.29 

5.20 

1.20 

5.81 

8.87 

3.34 

712... 

Mar.    9 

392 

113 

.30 

5.25 

1.25 

6.28 

10.03 

2.75 

800 

Apr.     2 

2  394 

112 

.37 

5.25 

1.24 

5.86 

10.02 

2.33 

In  clay  below  172  feet. 


Pump  installed  and  started. 


Table  6. — Quality   of   water  from   successive   horizons  encountered  in  drillirig  a 
well,  Church  No.  2,  in  Santa  Paula 

[Depth,  411  feet;  discharge,  4  cubic  feet  per  second] 


Sample 
No. 

Date 

Depth 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCOj 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

824 

840 

847 

888 

891 

898 

916 

981 

1929 
Apr.     9 
Apr.   12 
Apr.   13 
Apr.   16 
Apr.   18 
Apr.   22 
Apr.   24 
Apr.   27 

Feet 
120 
230 
270 
312 
326 
364 
378 
1411 

176 
119 
122 
114 
112 
114 
110 
114 

P.  p.  m. 
0.83 
.50 
.69 
.39 
.40 
.46 
.42 
.36 

7.39 
5.70 
5.54 
5.50 
5.35 
5.34 
5.10 
5.34 

1.49 
.94 

1.12 

1.02 
.92 
.94 
.87 

1.02 

9.79 
6.42 
6.30 
5.82 
6.01 
6.15 
5.76 
6.00 

11.19 
9.47 
8.99 
9.43 
9.67 
8.33 
7.86 
8.11 

7.48 
3.59 
3.97 
2.91 
2.61 
4.10 
3.87 
4.25 

1  After  2  hours'  pumping. 

These  observations  indicate  that,  in  this  area  at  least,  the  differ- 
ences in  the  quahty  of  the  water  in  the  successive  strata  are  not  very 
pronounced.  It  is  to  be  assumed  that  there  is  ample  communica- 
tion vertically  as  well  as  laterally  to  permit  approximate  equilibrium 
with  respect  to  its  dissolved  salts  to  be  established  in  time  throughout 
the  whole  body  of  underground  water. 


WATERS  OF  SESPE  CREEK 

Sespe  Creek  joins  the  Santa  Clara  River  near  Fillmore,  Calif.  It 
is  a  perennial  stream,  but  the  flow  is  usually  not  more  than  4  or  5 
cubic  feet  per  second  except  during  the  rainy  season.  There  is  no 
storage  on  the  stream  at  present,  but  there  is  a  small  diversion  dam 
about  5  miles  above  its  mouth.  The  samples  reported  in  Table  7 
were  taken  at  this  dam.  There  is  little  if  any  imgated  land  above 
this  dam,  where  the  water  is  diverted  into  a  distribution  system  for 
irrigating  lands  near  Fillmore. 
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Table  7. — Quality  of  the  water  of  Sespe  Creek,  as  sampled  at  the  diversion  dam  4.5 

miles  above  its  mouth 

[Monthly  means  of  weekly  analyses] 


Analyses 

Discharge 

KX10« 
at  25°  C. 

Boron 

Milligram  equivalents 

month 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1928 

August 

September. 
October.  __ 
November. 
December. 

1929 
January... 
February. 

March 

April 

May 

June 

July 

Number 
5 
4 
5 
4 
4 

4 
4 
5 
4 

4 

C.f.s. 

4 
4 
4 
6 
11 

12 
15 
17 
12 

8 
7 
3 

98.1 
101. 1 
106.6 
116.7 
105.0 

114.3 
89.0 
84.5 
84.3 
87.6 
91.0 
85.9 

P.p.  TO. 

2.48 
2.61 
3.19 
3.29 
2.04 

2.09 
.98 
.91 
.81 
1.53 
1.88 
1.98 

2.70 
2.64 
2.92 
3.30 
3.24 

3.33 
3.14 
3.11 
3.03 
2.75 
2.84 
2.93 

3.60 
4.07 
4.52 
4.20 

2.77 

2.53 
1.12 
.93 
.97 
1.25 
1.95 
2.55 

3.27 
3.43 
3.32 
4.22 
5.40 

6.38 
5.  27 
4.77 
4.81 
4.62 
4.46 
3.3ts 

5.05 
4.77 
5.05 
5.40 
5.64 

8.06 
7.60 
6.91 
6.90 
6.21 
5.81 
5. 15 

4.52 
5.37 
5.71 
6.32 
5.77 

4.18 
1.93 
1.90 
1,91 
2.41 
3.44 
3.71 

Mean. 

■ 

8.G 

97.0 

1.98 

2.99 

2.54 

4.44 

6.  05 

3.92 

The  analyses  reported  in  Table  7  represent  water  samples  taken 
each  week  from  August  1,  1928,  to  July  30,  1929.  The  discharge  of 
the  stream  was  estimated,  not  measured,  at  the  time  each  sample 
was  taken,  and  these  discharge  figures  are  not  to  be  considered  as 
more  than  approximately  correct.  It  will  be  observed  that  in  the 
course  of  the  year  the  salt  content,  as  measured  by  electrical  conduct- 
ance, ranged,  from  84.3  to  116.7  for  the  monthly  means.  For  the 
individual  determinations  the  range  was  from  a  minimum  of  60.1  to 
a  maximum  of  127.  There  is  not  a  close  correlation,  either  direct  or 
inverse,  between  the  total  salt  content  and  the  volume  of  discharge. 
It  is  probable  that  the  heavier  and  more  general  rains,  such  as  con- 
tributed to  the  high  discharge  volumes  of  January,  February,  and 
March,  caused  enough  direct  run-off  to  reduce  the  salt  content  appre- 
ciably. However,  the  mnter  season  is  characterized  by  irregularity 
in  the  salt  content,  probably  because  some  of  the  run-off  from  the 
lighter  showers  found  its  way  gradually  into  the  stream  as  seepage  of 
higher  salt  content.  The  mean  of  the  conductances,  97X10"^  at 
25°  C,  indicates  a  salt  content  of  approximately  700  parts  per  mil- 
lion. With  an  average  discharge  of  8.6  cubic  feet  per  second,  this  is 
equivalent  to  16.25  tons  of  salt  per  day. 

The  boron  content  of  this  stream,  taking  the  average  of  53  deter- 
minations for  the  year,  was  2.01  p.  p.  m.,  ranging  from  a  minimum  of 
0.45  to  a  maximum  of  3.66.  For  the  monthly  means  the  average 
was  1.98,  ranging  from  0.81  to  3.29.  There  was  an  upward  trend  in 
the  boron  content  from  midsummer  to  the  end  of  November,  when  a 
break  occurred  following  the  first  autumn  rains. .  Through  the  winter 
and  well  into  the  spring  the  boron  content  was  well  below  the  mean. 
This  is  taken  as  confirming  the  opinion,  supported  also  by  other 
evidence,  that  most  of  the  boron  carried  by  this  stream  is  contributed 
by  springs  having  fairly  uniform  flow  and  high  boron  content.  During 
periods  when  the  discharge  of  the  stream  is  low  these  springs  con- 
tribute a  larger  proportion  of  the  total  than  when  the  discharge  is 
increased  as  a  result  of  rains.  If  it  may  be  assumed  that  8.6  cubic 
feet  per  second  is  the  mean  discharge  for  this  stream  and  that  the 
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boron  content  of  the  water  is  2.01  p.  p.  m.,  and  if  this  boron  be  com- 
puted to  its  equivalent  of  borax,  then  the  average  daily  discharge  of 
borax  is  824  pounds. 

The  composition  of  the  salts  other  than  those  of  boron  carried  by 
the  water  of  Sespe  Creek  is  shown  in  the  last  five  columns  of  Table  7, 
expressed  as  reaction  values,  or  milligram  equivalents. 

The  carbonates  and  bicarbonates,  though  determined  separately, 
are  here  reported  together.  The  mean  for  the  year  is  2.99  milligram 
equivalents,  which  is  equivalent  to  182  p.  p.  m.  of  HCO3.  It  may  be 
observed  that  the  figures  for  the  CO3  +  HCO3  show  much  less  varia- 
tion for  the  year  than  is  shown,  for  example,  by  the  boron  on  one  hand 
or  by  the  chlorides  on  the  other.  It  is  generally  true  that  wdth  respect 
to  any  given  w^ater  supply  the  carbonate-bicarbonate  content  is  less 
variable  than  that  of  the  other  ions. 

The  chloride  content  averaged  for  the  year  2.54  milligram  equiva- 
lents, or  90  p.  p.  m.  It  will  be  observed  that  there  is  a  close 
correlation  between  the  chloride  content  and  the  boron  content, 
which  probably  indicates  that  the  same  sources  that  contribute  the 
boron  also  contribute  the  chlorides.  In  proportion  to  its  total  salt 
content  the  w^ater  of  Sespe  Creek  contains  more  chlorides  than  any  of 
the  other  waters  of  the  Santa  Clara  Valley. 

The  sulphate  content  averaged  for  the  year  4.44  milligram  equiva- 
lents, or  213  p.  p.  m.  The  range  during  the  year  was  greater  than 
that  of  the  carbonates  but  less  than  that  of  the  chlorides.  During  the 
winter,  or  rainy  season,  the  proportion  of  sulphates  to  chlorides  w^as 
much  greater  than  during  the  smnmer,  indicating  that  the  salts  con- 
tributed by  leaching  the  surface  soils  of  the  drainage  area  are  largely 
sulphates. 

The  alkaline-earth  bases,  calcium  and  magnesium,  averaged  for  the 
year  6.05  milligram  equivalents,  equivalent  to  121  p.  p.  m.  of  calcium. 
Like  the  sulphates,  the  calcium  and  magnesium  ran  somewhat  above 
the  mean  during  the  ^vinter  months  and  probably  for  the  same  reason. 
For  the  period  during  which  the  calciiun  and  magnesium  were  sepa- 
rately determined,  the  mean  for  the  calcium  was  4.38  and  for  the 
magnesium  2.29  milligram  equivalents,  or  nearly  twice  as  much  cal- 
cium as  magnesium. 

The  alkaline  bases,  sho^vTi  in  the  last  column  of  Table  4,  are  assumed 
to  include  both  sodium  and  potassium  but  to  consist  chiefly  of  sodium. 
These  elements  were  not  determined  by  analysis,  but  the  figures  given 
in  the  table  are  computed  by  subtracting  the  sum  of  the  milligram 
equivalents  for  the  alkaline-earth  bases,  calcium  and  magnesium, 
from  the  sum  of  the  milHgram  equivalents  of  the  acid  ions,  carbonates, 
bicarbonates,  chlorides,  and  sulphates.  The  mean  of  the  alkaline 
bases  for  the  year  is  3.92  milligram  equivalents,  equivalent  to  90  p.  p. 
m.  when  computed  as  sodium.  The  ratio  of  alkaline-earth  bases  to 
alkaline  bases  is  approximately  6  to  4,  which  indicates  that  this  water 
should  not  impair  the  physical  condition  of  the  soil  through  reactions 
of  base  exchange. 

The  analytical  results  for  the  water  of  Sespe  Creek  show  that,  except 
for  its  high  boron  content,  this  water  might  be  regarded  as  of  good 
quality  and  quite  safe  to  use  for  irrigation.  During  the  \vinter  and 
early  spring  the  boron  content  is  relatively  low;  and  if  conditions  as 
observed  during  the  past  year  are  typical  of  the  regimen  of  the  stream, 
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it  might  be  possible  to  utilize  the  flood  waters  during  the  spring  with 
less  danger  of  boron  injury  than  would  follow  the  use  of  the  summer 
flow. 

In  view  of  the  fact  that  the  water  of  Sespe  Creek,  except  for  its 
high  boron  content,  would  be  of  excellent  quality  for  irrigation,  it 
seemed  desirable  to  attempt  to  locate  the  source  of  boron  contamina- 
tion. The  stream  drains  an  area  of  rough  topography  north  of  the 
Santa  Clara  Valley,  and  its  upper  basin  is  somewhat  difficult  of 
access.  Through  the  cooperation  of  Walter  F.  Emerick,  of  Santa 
Paula,  and  Guerdon  Ellis,  district  forest  ranger  at  Ojai,  arrangements 
were  made  in  the  autumn  of  1928  for  the  collection  of  samples  of  water 
from  the  upper  stream  and  some  of  its  tributaries.  Samples  from  the 
headwaters  down  to  Bear  Canyon  were  collected  on  October  18  and 
26,  1928,  by  Ralph  Walton,  a  forest  guard,  while  samples  from  Hot 
Springs  Creek  to  Timber  Canyon  Creek  were  collected  on  October 
25  and  26,  1928,  by  J.  N.  Johns,  also  a  forest  guard.  Owing  to  the 
difficulty  of  transport,  the  samples  obtained  at  this  time  were  only 
250  c.  c.  each,  a  quantity  too  small  to  utilize  for  quantitative  deter- 
minations of  boron  and  sufficient  only  for  an  estimate  of  the  boron 
concentration  by  the  turmeric  method. 

The  results  of  this  preUminary  survey  indicated  that  the  boron 
contamination  came  from  two  hot  springs  tributary  to  the  stream 
north  of  Top  atop  a  Mountain  and  only  a  few  miles  above  the  diversion 
dam.  If  this  should  prove  to  be  true  it  would  apparently  be  possible 
to  prevent  contamination  by  storing  the  flood  waters  of  the  stream 
above  these  springs,  which  would  thus  be  segregated  from  the  main 
supply. 

In  the  spring  of  1930,  from  March  31  to  April  3,  V.  M.  Freeman, 
managing  engineer  of  the  Santa  Clara  water  conservation  district,  went 
into  the  upper  basin  and  collected  a  series  of  5-gallon  samples  from 
the  headwaters  to  the  mouth,  measuring  accurately  the  discharge  at 
each  sampling  point.  These  samples  were  analyzed  at  the  Limoneira 
laboratory,  the  boron  determinations  being  made  in  duplicate  by 
the  quantitative  method.  The  results  of  the  analyses  of  the 
samples  obtained  in  the  autumn  of  1928  and  in  the  spring  of  1930 
are  given  in  Table  8. 


Table  8. — Quality  of  the  water  of  Sespe  Creek  and  its  tributaries,  as  sampled  in 
October,  1928,  and  in  March  and  April,  1930 


Loca- 

Sam- 

tion 

ple 

No. 

No. 

1-.- 

2509 

1 

2510 

2— . 

343 

2.... 

2508 

3-.-. 

2511 

4— . 

344 

4.— 

5..-. 

345 

6..- 

2512 

6.— 

346 

7— . 

347 

7-.-. 

2513 

8-— 

348 

9...- 

2515 

10-- 

349 

Date 


Maich,  1930- 

do 

October,  1928- 
March,  1930- 
April,  1930- . . 
October,  1928- 
April,  1930. . . 
October,  1928. 
April,  1930. . . 
October,  1928. 


April,  1930-.. 
October,  192S. 
April,  1930- . . 
October,  1928. 


Dis- 
charge 


C.  f.  s. 

11.40 

11.40 

.06 

3.13 

.60 

.08 

15.  96 

.04 

4.54 

.10 

.02 

5.58 

.06 


.02 


KX105 

at  25° 

C. 


102 
104 
53 
41 
153 
69 

74 
48 
70 

124 
35 

103 
66 
71 


Boron 


.p.  m. 

0.18 
.19 

1.10 
.14 
.25 

1.10 


12.00 
.19 

1.40 

1.20 
.03 

1.30 
.14 

1.40 


Milligram  equivalents 


CO3+ 
HCO3 


3.90 
4.00 
4.20 
2. 95 
3.85 
4.40 


5.80 
3.75 
5.10 
6.70 
1.  45 
4.10 
2.45 
3.70 


CI 


0.80 
.75 
.10 
.05 
.25 
.30 


SO4 


6.98 
7.09 
1.20 
1.46 
14.  33 
2.80 


Boron  estimated  by  the  turmeric  method. 


.60 
.10 
.60 
.30 
.10 
.40 
.40 
.10 

2  No  sample. 


1.80 
3.11 
2.00 
7.00 
1.99 
8.00 
4.28 


Ca+ 
Mg 


9.38 
9.45 
3.30 
3.  95 
14.83 
1.90 


3.50 
5.92 
4.20 
8.40 
3.14 
6.90 
5.84 
6.30 


Alka- 
line 


2.00 
2.39 
2.20 
.51 
3.60 
5.60 


4.70 
1.04 
3.  .50 
5.60 
.40 
5.60 
1.29 
2.10 
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Table  8. — Quality  of  the  water  of  Sespe  Creek  and  its  tributaries,  as  sampled  in 
October,  1928,  and  in  March  and  April,  1930 — Continued 


Sam- 

Date 

Dis- 
charge 

KXlOi 

at  25° 

C. 

Boron 

Milligram  equivalents 

■ 

Loca- 
tion 
No. 

CO3+ 
HCO3 

CI 

SO4 

Ca+ 
Mg 

Alka- 
line 
bases 

10 

2514 

350 

353 
2516 

354 
2517 

355 
2518 

356 
2519 

351 
2520 

352 
2521 
2522 
2523 
2524 
2525 
2526 
2527 
2528 
2529 

April,  1930 

C.  f.  s. 

5. 01 
.04 
.04 

1.73 

47 
84 
106 
49 
100 
84 
137 
132 
142 
71 
170 
159 
171 
67 
45 
39 
28 
120 
77 
81 
225 
83 

P.  p.m. 

.24 

1.20 

1.30 

.11 

1.40 

.09 

18.50 

6.83 

17.00 

.22 

112.50 

112!  50 
.70 
.15 
.11 
.13 
.22 
.21 
.52 
.33 
.79 

2.25 
4.00 
5.40 
1.95 
1.50 
4.15 
10.30 
9.90 
8.50 
3.10 
2.00 
2.95 
2.30 
3.00 
2.10 
1.40 
2.15 
4.50 
3.80 
3.50 
4.50 
3.00 

.10 

.10 

.20 

.10 

.60 

.10 

2.70 

2.50 

2.30 

.30 

7.90 

3.90 

7.00 

.25 

.05 

.05 

.05 

.35 

.10 

.20 

.65 

.80 

2.69 
5.50 
6.50 
3.20 

10.00 
5.50 
1.00 
1.88 
5.00 
4.61 
6.00 
9.47 
6.50 
3.94 
2.68 
2.20 
.60 
8.87 
4.59 
5.35 

23.93 
5.00 

4.37 
6.70 
8.20 
4.62 
7.80 
8.76 
1.20 
2.14 
3.80 
6.64 
2.90 
8.18 
2.90 
5.27 
4.22 
3.05 
2.49 

11.37 
7.55 
6.14 

19.52 
5.76 

.67 

11 

October  1928 

2.90 

12-.- 

do 

April,  1930                 

3.?0 
.63 

13 

October,  1928 

4.30 

14 

April,  1930  

.40 
.05 
.01 

.99 

15 

October,  1928         . 

12.80 

15 

\pril,  1930 

12.14 

16 

October,  1928 

12.00 

16 

April,  J930 

30.92 

.16 

2.20 

.32 

1.06 

.41 

3.49 

1.50 

3.27 

.53 

.99 

.54 

61.15 

1.37 

17...- 
17 

October,  1928 

April,  1930          

13.00 
8.14 

18—. 
19 

October,  1928 

April,  1930 

12.90 
1.92 

20.... 
21.... 
22.... 
23.... 
24.._. 
25.... 
26-... 
27..-- 

do 

do 

do 

do 

.61 

.60 

.31 

2.35 

.94 

2.91 

9.56 

3.04 

1  Boron  estimated  by  the  turmeric  method. 

It  should  be  kept  in  mind  that  the  samples  of  1928  were  taken  in 
the  autumn,  when  the  discharge  of  the  stream  was  near  its  lowest 
point,  while  those  of  1930  were  taken  in  the  spring,  when  the  dis- 
charge was  high.  Furthermore,  the  values  for  the  boron  concentra- 
tion of  the  1928  samples  are  at  best  only  approximate,  while  those  of 
the  1930  samples  are  probably  very  close  to  the  truth. 

The  results  given  in  Table  8  show  that  above  Willett  Hot  Springs 
(location  15),  the  boron  content  of  the  water  is  below  the  critical 
concentration.  Even  at  this  point  the  quantity  of  water  contributed 
to  the  main  stream  is  so  small,  0.01  c.  f.  s.,  that  the  boron  contam- 
ination is  not  serious.  The  major  contribution  of  boron  appears  to 
come  from  the  Sespe  Hot  Springs  Creek  (location  17)  which  on  April 
2  was  discharging  2.2  c.  f.  s.,  containing  6.69  p.  p.  m.  boron. 
This  is  equivalent  to  700  poimds  of  borax  per  day,  which  may  be 
compared  with  the  824  pounds  computed  as  the  average  daily  quantity 
carried  by  Sespe  Creek  at  the  diversion  dam.  In  other  words,  it 
seems  clear  that  if  it  is  found  practicable  to  segregate  or  by-pass 
the  high-boron  water  coming  from  Sespe  Hot  Springs,  the  water  of 
Sespe  Creek  could  be  used  for  irrigation  without  danger  of  injury. 

LOCATIONS    ON    SESPE  CREEK    LISTED    IN    TABLE  8 

1.  Sespe  Creek,  at  Cold  Springs  about  m  miles  above  the  junction  of  Howard 
Creek  and  near  northwest  corner  T.  5  N.,  R.  22  W.,  San  Bernardino  base  and 
meridian. 

2.  Howard  Creek,  about  200  yards  above  its  junction  with  Sespe  Creek. 

3.  Rock  Creek,  above  its  junction  with  Sespe  Creek. 

4.  Sespe  Creek,  below  the  junctions  of  Howard  Creek  and  Rock  Creek. 

5.  Lion  Canyon  Creek,  above  its  junction  with  Sespe  Creek. 

6.  Sespe  Creek,  about  300  yards  below  the  junction  of  Lion  Canyon  Creek. 

7.  Piedra  Blanca  Creek,  above  its  junction  with  Sespe  Creek  near  southeast 
corner  sec.  36,  T.  6  N.,  R.  22  W. 

8.  Sespe  Creek,  about  300  yards  below  the  junction  of  Piedra  Blanca  Creek. 

9.  Sespe  Creek,  above  junction  of  Bear  Canyon  Creek. 
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10.  Bear  Canyon  Creek,  above  its  junction  with  Sespe  Creek. 

11.  Sespe  Creek,  100  yards  below  the  junction  of  Bear  Canyon  Creek. 

12.  Timber  Canyon  Creek,  above  its  junction  with  Sespe  Creek. 

13.  Sespe  Creek,  one-fourth  mile  below  the  junction  of  Timber  Canyon  Creek. 

14.  Red  Reef  Canyon  Creek,  above  its  junction  with  Sespe  Creek  near  the 
southeast  corner  sec.  36,  T.  6  N.,  R.  21  W. 

15.  Willett  Hot  Springs  Creek,  above  its  junction  with  Sespe  Creek,  about  1 
mile  below  the  junction  of  Red  Reef  Canyon  Creek. 

16.  Sespe  Creek  at  Hartman's,  about  1  mile  below  the  junction  of  Willett  Hot 
Springs  Creek. 

17.  Sespe  Hot  Springs  Creek,  above  its  junction  with  Sespe  Creek,  near  south- 
east corner  sec.  27,  T.  6  N.,  R.  20  W. 

18.  Sespe  Creek,  100  yards  below  the  junction  of  Sespe  Hot  Springs  Creek. 

19.  Alder  Creek,  above  its  junction  with  Sespe  Creek,  near  the  center  of  sec.  36, 
T.  6.  N.,  R.  20  W. 

20.  Sidewalk  Creek,  above  its  junction  with  Sespe  Creek,  about  2  miles  below 
that  of  Alder  Creek. 

21.  West  Fork  of  Sespe  Creek,  above  its  junction  with  Sespe  Creek.  This 
creek  drains  the  southern  slope  of  Topatopa  Mountains,  while  the  drainage  of  the 
northern  slopes  reaches  Sespe  Creek  through  Timber  Canyon  Creek  and  Red 
Reef  Canyon. 

22.  Heaven  Springs  Creek,  above  its  junction  with  Sespe  Creek. 

23.  Tar  Creek,  above  its  junction  with  Sespe  Creek.  This  is  a  tributary  from 
the  east  and  drains  the  area  north  of  Little  Sespe  Creek. 

24.  Coldwater  Canyon  Creek,  above  its  junction  with  Sespe  Creek. 

25.  Pine  Creek,  above  its  junction  with  Sespe  Creek.  This  and  Coldwater 
Canyon  Creek  drain  the  rugged  eastern  slope  of  San  Cayetano  Mountain,  just 
above  the  diversion  dam  of  Sespe  Creek. 

26.  Little  Sespe  Creek,  above  its  junction  with  Sespe  Creek,  which  is  a  half- 
mile  below  the  diversion  dam. 

27.  Sespe  Creek  at  the  highway  bridge,  Sji  miles  below  the  diversion  dam,  and 
1%  miles  above  its  junction  with  the  Santa  Clara  River. 

WATERS  OF  PIRU  CREEK 

Piru  Creek  is,  like  Sespe  Creek,  an  important  tributary  of  the 
Santa  Clara  River.  Its  water  is  not  stored  but  is  diverted  for  the 
irrigation  of  land  west  of  the  town  of  Piru,  where  the  surface  flow 
is  supplemented  by  wells.  The  quality  of  this  surface  flow  is  shown 
in  Table  9,  which  is  based  on  samples  taken  each  week  from  August 
1,  1928,  to  July  30,  1929. 

Table  9. — Quality  of  the  water  of  Piru  Creek,  as  sampled  at  the  diversion  dam  above 

Piru,  Calif. 

[Monthly  means  of  weekly  analyses] 


Year  and  month 


1928 

August 

September 

October. 

November 

December 


1929 


January.. 
February. 

March 

April 

May 

June 

July 


Mean. 


Analy- 
ses 


Number 


Dis- 
charge 


C.  f.  s. 
2 
2 
2 
5 

n 


12 
10 
10 
10 
6 
4 
2 

G.3 


KX10« 
at  25°  C. 


228 
201 
153 


150 


127 
133 


173 
265 


189 


Boron 


P.  p.  VI 
1.52 
1.40 
1.65 
1.50 
1.  35 


1.56 
1.38 
1.40 
1.39 
1.39 
1.68 
2.21 


1.54 


CO3+ 
HCOa 


6.18 
5.62 
5.07 
5.44 
4.64 


4.94 
4.22 
4.17 
4.42 
4.87 
5.  05 
5.64 

5.  02 


Milligram  equivalents 


CI 


2.63 
2.52 
2.39 
2.15 
1.86 


1.60 
1.17 
1.06 
1.07 
1.35 
1.67 
2.72 


1.8i 


SO4 


26.40 
26.21 
21.13 
16.  52 
11.51 


10.90 
10.09 
9.28 
9.51 
11.84 
13.37 
24.08 

15.  89 


Ca+Mg 


22.70 
19. 45 
16.83 
13.40 

10.  68 


14.13 
13.68 
10.98 
11.40 
12.90 
13.86 
23.  03 

15. 25 


Alka- 
line 
bases 


12.  51 
14.90 
11.76 
10.71 
7.33 


3.31 
1.80 
3.53 
3.60 
5.16 
6.23 
9.41 

7.  52 
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The  salt  content  of  this  water,  as  measured  by  electrical  conduct- 
ance, is  much  higher  than  that  of  Sespe  Creek,  ranging  for  the  indi- 
vidual observations  from  98  to  312  and  for  the  monthly  means  from 
127  to  275,  with  an  annual  mean  of  189  X  10"^  at  25°  C,  which  indi- 
cates approximately  1,500  p.  p.  m.  of  total  salts.  With  a  mean 
annual  discharge  estimated  at  6.3  c.  f.  s.,  this  is  equivalent  to  25.5 
tons  of  salt  per  day. 

The  boron  content  of  the  stream  is  less  than  that  of  Sespe  Creek. 
The  range  for  the  individual  observations  was  from  0.92  to  2.35 
p.  p.  m.  For  the  monthly  means  the  range  was  from  1.35  to  2.21 
p.  p.  m.,  with  an  average  for  the  year  of  1.54  p.  p.  m.  There  appears 
to  be  a  slight  correlation  between  the  boron  and  the  total  salt  content. 

If  the  boron  be  computed  as  borax,  then  the  daily  discharge  as 
borax  is  233  pounds. 

The  composition  of  the  salts  other  than  those  of  boron  shows  a 
preponderance  of  sulphates,  with  a  high  proportion  of  alkaline-earth 
bases.  For  the  latter  part  of  the  year,  when  the  calcium  and  mag- 
nesium were  determined  separately,  the  proportions  were  approxi- 
mately 8  milligram  equivalents  of  calcium  to  7  of  magnesium.  The 
ratio  of  alkaline-earth  bases  to  alkaline  bases  is  almost  2  to  1,  indi- 
cating that  this  water,  though  salty,  should  not  impair  the  physical 
condition  of  the  soil. 

The  drainage  basin  of  Piru  Creek  lies  north  and  east  of  that  of 
Sespe  Creek.  Its  headwaters  drain  the  eastern  foothills  of  Pine 
Mountain,  the  southern  slopes  of  which  are  drained  by  Sespe  Creek 
and  the  northern  slopes  by  Cuyama  River.  About  12  miles  north- 
east of  Pine  Mountain  is  Lockwood  Valley,  on  the  northern  side  of 
which  occur  outcroppings  of  a  borate  mineral  known  as  colemanite. 
These  deposits  were  formerly  mined  on  a  commercial  scale  as  a  source 
of  borax.  The  drainage  of  Lockwood  Valley  is  collected  in  Lock- 
wood  Creek,  which  is  an  important  tributary  of  Piru  Creek. 

A  series  of  water  samples  from  Piru  Creek  and  its  more  important 
tributaries  was  obtained  in  the  spring  of  1930  by  V.  M.  Freeman, 
managing  engineer  of  the  Santa  Clara  water  conservation  district, 
and  discharge  measurements  were  made  at  the  places  where  the 
samples  were  taken.  These  samples  were  analyzed  in  duplicate  at 
the  Limoneira  laboratory,  and  the  results  are  given  in  Table  10. 
The  analyses  show  that  the  stream  waters  above  the  junction  of 
Lockwood  Creek  contain  very  little  boron.  This  was  found  to  be 
the  case  also  with  the  headwaters  of  Sespe  Creek  and  may  be  taken 
to  indicate  that  the  soils  and  rocks  of  Pine  Mountam  do  not  yield 
much  boron. 
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Table   10. — Qualily  of  Ihe  water  of  Piru  Creek  and  its  tribiUaries  as  sampled  in 

April,  1980 

[Samples  taken  by  V.  M.  Freeman] 


Sam- 
ple 
No. 

Location 

KX105 
at  25°C. 

Dis- 
charge 

Boron 

Milligram  equivalents 

Loca- 
tion 
No. 

CO3+ 
HCO3 

CI 

SO4 

Ca 

Mg 

Alka- 
line 
bases 

1 

2591 
2590 
2592 
2589 
2587 
2586 
2588 
^585 

Piru. 

136.0 
60.4 
72.3 
32.8 
49.8 
91.3 
83.2 

315.0 

C.f.s. 

2.03 
.90 

1.56 

1.18 

1.06 
.10 

2.32 

.05 

13.99 

13.93 

1.95 

.09 

.08 

18.40 

2.91 
.40 
.14 
.02 
.02 
.02 

23.43 

P.p.m. 

0.18 
.09 

4.95 
.09 
.29 
.55 
.82 

2.26 

2.50 
2.20 
2.20 
2.30 
4.00 
5.25 
4.55 
9.05 

0.10 
.25 
.15 
.10 
.25 
.55 
1.40 
3.65 

13.58 
3.70 
4.99 
.83 
1.27 
4.55 
2.57 

24.58 

9.55 
2.50 
2.92 
1.51 
2.83 
3.69 
2.82 
7.27 

6.51 
2.32 
2.26 
1.33 
1.63 
2.72 
1.42 
11.40 

1.32 

2.._. 
3-.-. 
4 

Mutau 

Lockwood 

1.33 

2.16 

.39 

5 

Buck    --- 

1.06 

6. 

7-.„ 
8.... 
9 

South 

Alamos 

Liebre  Gulch.. 
French  Flats.. 

3.94 
4.28 
17.01 

10„.. 
11. 

12 

2584 
2583 
2582 
2581 
2541 
2540 
2539 
2538 
2537 
2536 
2535 
2534 

Pirn.-.. 

Fish 

West           

104.0 
48.2 
81.5 
168.0 
98.2 
152.0 
160.0 
174.0 
292.0 
199.0 
492.0 
119.0 

1.67 

1.17 

2.05 

.32 

1.65 

1.28 

1.27 

L49 

.27 

.30 

1.72 

1.65 

3.70 
2.75 
4.15 
4.20 
3.70 
4.50 
4.90 
4.95 
4.55 
5.70 
6.45 
4.10 

.60 
.05 
.25 
.25 
.60 
.55 

LIO 
.70 

1.10 
.25 
.60 
.95 

6.73 
2.10 
3.46 
15.92 
7.15 
12.92 
12.74 
14.20 
35.20 
17.28 
43.50 
9.16 

4.59 
1.88 
4.66 

10.05 
4.73 
7.37 
8.50 
8.03 

17.94 
8.37 

11.02 
5.77 

3.66 
2.71 
2.66 
5.51 
3.40 
5.96 
5.83 
6.87 

14.20 
8.21 

13.97 
4.24 

2.78 
.21 
.64 

13. 

14 

15. 

16. 

17. 

18. 

19 

East 

Piru 

Agua  Blanca.  _ 

Canton 

James  ranch... 

Keasoner 

Lime           

4.81 
3.32 
4.64 
4.41 
4.95 
8.71 
6.65 

20. 

21 

Modelo 

Piru      ---  

25.66 
4.20 

Lockwood  Creek,  on  the  other  hand,  carries  a  large  quantity  of 
boron,  doubtless  obtained  from  the  gradual  solution  of  the  borate 
minerals,  chiefly  calcium  borate,  exposed  along  the  northern  side  of 
the  valley.  On  April  12,  1930,  when  Lockwood  Creek  was  sampled 
near  its  junction  with  Piru  Creek  its  discharge  was  1.56  c.  f.  s. 
and  its  boron  content  was  4.95  p.  p.  m.  This  discharge  and  boron 
content  are  equivalent  to  367  pounds  of  borax  per  day.  It  is  highly 
probable  that  the  discharge  and  daily  boron  contribution  of  this 
stream  is  much  less  during  the  summer. 

The  tributaries  immediately  below  Lockwood  Creek  do  not  contain 
much  boron  but  lower  down  the  waters  of  Fish  Creek  and  Agua 
Blanca  Creek  bring  substantial  contributions.  These  streams  drain 
broken  country  immediately  east  of  Sespe  Hot  Springs,  and  there  may 
be  similar  springs  in  their  drainage  basins. 

Several  of  the  smaller  tributaries,  notably  Liebre  Gulch  and  Reasoner 
and  Modelo  Creeks,  are  very  salty,  as  is  indicated  by  the  high  electrical 
conductance.  These  contributions  may  account  for  the  high  salt 
content  of  Piru  Creek  during  the  low-water  period. 

It  seems  probable  that  in  addition  to  the  surface  flow  of  Piru  Creek 
a  substantial  quantity  of  water  is  contributed  to  the  underlying  gravels 
of  its  delta  through  deep  percolation.  The  quality  of  this  under- 
ground water  is  shown  in  Table  4,  locations  2  to  6,  inclusive.  These 
wells  are  so  situated  as  to  draw  largely  from  the  underflow  of  Piru 
Creek,  though  probably  some  water  is  drawn  by  them  from  the  Santa 
Clara  River  or  from  Hopper  Creek. 

LOCATIONS    ON    PIRU    CREEK    LISTED    IN    TABLE    10    AND    DATES    OF    SAMPLING 

1.  Piru  Creek,  25  yards  above  the  junction  of  Mutau  Creek,  sec.  20,  T.  7  N., 
R.  20  W.,  San  Bernardino  base  and  meridian;  April  12,  1930. 

2.  Mutau  Creek,  above  its  junction  with  Piru  Creek;  April  11,  1930. 
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3.  Lockwood  Creek,  above  its  junction  with  Piru  Creek,  at  east  center  sec.  16, 
T.  7  N.,  R.  20  W.;  April  12,  1930. 

4.  Snowy  Creek,  above  its  junction  with  Piru  Creek,  at  north  center  sec.  23, 
T.  7  N.,  R.  19  W.;  April  11,  1930. 

5.  Buck  Creek,  above  its  junction  with  Piru  Creek,  at  north  center  sec.  31, 
T.  7  N.,  R.  18  W.;  April  10,  1930. 

6.  A  small  creek  entering  Piru  Creek  from  the  south,  2  miles  east  of  Buck 
Creek;  April  10,  1930. 

7.  Canada  de  Los  Alamos  Creek,  above  its  junction  with  Piru  Creek  near  center 
sec.  34,  T.  7  N.,  R.  18  W.;  April  10,  1930. 

8.  Liebre  Gulch  Creek,  above  its  junction  with  Piru  Creek,  northeast  corner 
sec.  2,  T.  6  N.,  R.  18  W.;  April  10,  1930. 

9.  Piru  Creek,  at  French  Flats,  sec.  13,  T.  6  N.,  R.  18  W.  Stream  measure- 
ment but  no  sample,  April  10,  1930. 

10.  Piru  Creek,  above  the  junction  of  Fish  Creek,  3  miles  below  location  9; 
April  9,  1930. 

11.  Fish  Creek,  above  its  junction  with  Piru  Creek;  April  9,  1930. 

12.  A  small  stream,  joining  Piru  Creek  from  the  west,  1  mile  below  Fish  Creek; 
April  9,  1930. 

13.  A  small  stream,  joining  Piru  Creek  from  tlie  cast,  3  miles  below  Fish 
Creek;  April  9,  1930. 

14.  Piru  Creek,  above  the  junction  of  Agua  Blanca  Creek;  April  8,  1930. 

15.  Agua  Blanca  Creek,  above  its  junction  with  Piru  Creek,  near  southeast 
corner  sec.  4,  T.  5  N.,  R.  18  W.;  April  8,  1930. 

16.  Canton  Creek,  above  its  junction  with  Piru  Creek,  2  miles  below  the  Junc- 
tion of  Agua  Blanca  Creek;  April  8,  1930. 

17.  A  small  creek,  joining  Piru  Creek  from  the  west,  near  the  James  ranch,  sec. 
26,  T.  5  N.,  R.  18  W.;  April  8,  1930. 

18.  Reasoner  Creek,  above  its  junction  with  Piru  Creek;  April  8,  1930. 

19.  Lime  Creek,  above  its  junction  with  Piru  Creek;  April  8,  1930. 

20.  Modelo  Creek,  above  its  junction  with  Piru  Creek;  April  8,  1930. 

21.  Piru  Creek,  at  railroad  bridge  near  Piru;  April  8,  1930. 

OJAI  VALLEY  AND  VENTURA  RIVER 

Ojai  Valley  is  a  small  valley  located  about  12  miles  northwest  of 
the  Santa  Clara  Valley  on  the  north  side  of  Sulphur  Mountain.  Its 
drainage  outlet  is  through  San  Antonio  Creek,  which  is  a  tributary  of 
Ventura  River.  There  are  a  number  of  citrus  plantings  in  the 
Ojai  Valley,  and  these  trees  are  free  from  the  symptoms  of  boron 
injury  that  occur  so  commonly  in  the  Santa  Clara  Valley. 

Water  samples  were  obtained  from  two  sources  near  the  upper  or 
east  end  of  Ojai  Valley.  (Table  11  and  fig.  3.)  One  of  these  (from 
location  1)  represents  surface  and  spring  water  draining  from  the 
hills  into  Horn  Canyon,  and  the  other  (from  location  2)  is  from  a 
deep  well  on  the  delta  cone  of  that  canyon.  In  both  these  waters 
the  boron  content  is  very  low. 

Table  11. — Quality  of  the  water  of  the  Ojai  Valley  and  of  Ventura  River 


Location  No. 

Samples 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1 

Number 
4 
4 
4 
2 

79.8 
75.2 
100.1 
126.0 

P.  p.  m. 

0.12 

.10 

.47 

.44 

3.76 
3.77 
4.19 
5.78 

0.26 
.28 
1.51 
1.46 

4.57 
3.96 
5.37 
6.90 

8.51 
7.67 
8.95 
12.89 

0.08 
34 

2 

3. 

2  12 

4 

The  other  sources  sampled  for  this  area  represent  the  combined 
drainage  of  the  Ventura  River.  The  water  from  location  3  represents 
the  surface  flow  of  that  stream  at  a  point  about  5  miles  above  its 
mouth.     That  at  location  4  represents  underground  water  close  to 
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the  stream  bed.  The  water  from  both  these  locations  contains  some- 
what more  salt  and  more  boron  than  the  water  from  the  upper  Ojai 
Valley.  It  may  be  noted  that  the  chloride  content  also  is  higher. 
This  higher  content  of  boron  and  of  chloride  may  be  due  to  the  effect 
of  a  number  of  hot  springs  that  occur  in  the  foothills  along  the  Ven- 
tura River  above  the  point  where  the  samples  were  taken. 

LOCATIONS    LISTED    IN    TABLE    11 

(See  fig.  3) 

1.  Outlet  of  pipe  line  from  Horn  Canyon  on  Topatopa  ranch  at  east  end  of 
Ojai  Valley,  near  southwest  corner  sec.  34,  T.  5  N.,  R.  22  W.,  Mount  Diablo  base 
and  meridian.     These  samples  represent  surface  and  spring  waters. 

2.  Topatopa  ranch  well,  near  northeast  corner  sec.  4,  T.  4  N.,  R.  22  W.;  depth, 
407  feet;  discharge,  0.33  cubic  foot  per  second. 

3.  Ventura  River,  at  Foster  Park,  about  5  miles  north  of  the  city  of  Ventura. 

4.  Berger's  well  near  the  bed  of  the  Ventura  River,  at  Foster  Park.  An  open 
pit,  8  feet  square  and  30  feet  deep;  static  level  of  water,  about  12  feet  below 
surface. 

PARIDA  CREEK  AND  VICINITY 

On  the  coastal  plain  between  Carpinteria  and  Sunrmerland, 
northwest  of  Ventura,  there  are  a  number  of  groves  of  citrus  trees 
irrigated  partly  by  surface  waters  from  the  slopes  of  the  Santa  Ynez 
Mountains  and  partly  by  water  from  wells.  It  was  found  that  in  an 
area  located  about  2  miles  northwest  of  Carpinteria  a  number  of 
citrus  trees  showed  pronounced  symptoms  of  boron  injury.  An 
investigation  of  this  area  resulted  in  finding  a  spring,  known  locally 
as  the  O'Banion  Spring,  in  which  the  water  contained  the  highest 
proportion  of  boron  so  far  found  in  any  water  in  southern  California — 
17.3  p.  p.  m.  This  spring  is  located  at  the  eastern  end  of  a  hill  that 
lies  between  Santa  Monica  Canyon  and  Toro  Canyon.  The  hill  is 
separated  from  the  main  foothills  by  a  narrow  valley  which  follows 
a  fault  line  known  as  the  Parida  fault.  (Fig.  4.)  Through  this  valley 
flows  Parida  Creek,  whose  discharge  is  absorbed  in  its  gravel  delta 
close  to  the  hills. 

Parida  Creek  has  one  important  tributary  that  drains  Oil  Canyon 
and  joins  the  main  stream  just  above  the  fault  line.  Samples  of  water 
obtained  on  February  15,  1929,  from  the  upper  section  of  Parida 
Creek,  showed  low  boron  content.  (Table  12.)  No.  642,  taken 
from  the  stream  in  Oil  Canyon  above  its  junction  with  Parida  Creek, 
contained  0.23  p.  p.  m.  of  boron,  while  No.  641,  taken  from  the  stream 
near  the  fault  line,  contained  0.48  p.  p.  m. 

Table  12. — Quality  of  the  water  of  Parida  Creek  area  above  Carpinteria,  Calif.  . 


Locatiou 

K  X  10^ 
at25''(\ 

Boron 

Milligram  equivalents 

Sam- 
ple 
No. 

CO,4- 

nc()3 

CI 

SO4 

Ca+Mg 

Alka- 
line 
bases 

642... 

Oil  Canyon 

116 
98 
487 
256 
235 
278 
167 

P.  p.  m. 
0.23 
.48 
17.30 
6.60 
5.84 
7.74 
1.89 

().  05 
6.10 
11.85 
8.20 
8.70 
7.46 
5.15 

1.  10 

2.  05 
36.  70 
16.40 
14.20 
19.  75 

8.75 

6.  03 

1.89 

(») 
.82 
.86 
.37 

2.09 

7.  38+4.  90 
4.  90+3. 23 
1.45 
4.60 
4.70 
5.05 
15.20 

0.  m 

641... 
422... 

Parida  Creek ._. 

O'Banion  Spring 

1.91 
47.10 

420    . 

20.82 

421 

do 

19.06 

311... 
296.- 

do..... - 

22. 52 
.79 

Trace. 
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The  sample  from  O'Banion  Spring,  No.  422,  taken  on  November  20, 
1928,  had  a  high  specific  conductance  and,  in  addition  to  a  boron 
content  of  17.3  p.  p.  m.,  only  a  trace  of  sulphate,  the  salts  being 
chiefly  sodium  chloride  and  sodium  bicarbonate.  Again  it  is  to  be 
observed  that  high  boron  content  appears  to  be  associated  wdth  high 
chloride  content.    It  seems  probable  that  the  boron  appearing  in  this 


Figure  4.— Map  of  a  portion  of  the  Santa  Barbara  area  on  the  coast  of  southern  California, 
showing  by  number  the  location  of  Parida  Creek  and  of  the  water  samples  reported  in  Table  12 

spring  water  is  derived  from  some  form  of  volcanic  activity  connected 
mth  the  formation  of  the  adjacent  fault. 

Thi'ee  samples  of  water  taken  from  Parida  Creek  below  the  location 
of  the  O'Banion  Spring  showed  high  boron  content.  No.  420,  taken 
on  November  20,  1928,  from  the  main  stream  as  piped  to  a  daiiy 
ranch,  contained  6.6  p.  p.  m.,  while  No.  421,  taken  on  the  same  date 
from  the  main  stream  at  the  250-foot  contour  line,  contained  5.84 
p.  p.  m.     The  third  sample,  No.  311,  was  taken  on  October  24,  1928, 
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farther  downstream  where  the  water  is  diverted  for  irrigation.  This 
sample  contained  7.74  p.  p.  m.  Thi?  water,  which  is  available  only 
during  the  winter  months  following  rains,  is  said  to  have  been  very 
injurious  to  the  orchard  trees  on  which  it  was  used. 

The  last  sample  of  this  series,  No.  296,  is  from  a  well  located  on  the 
delta  cone  of  Parida  Creek,  from  which  water  is  taken  for  irrigation 
during  the  summer  when  the  creek  supply  is  low.  This  well  water, 
while  much  less  salty  than  the  creek  water  and  containing  much  less 
boron,  1.89  p.  p.  m.,  shows  the  influence  of  the  creek  water  in  both 
its  boron  and  chloride  content,  which  are  much  higher  than  is  usual 
in  the  wells  of  the  Ventura  area.  The  lemon  and  walnut  trees  that 
had  been  irrigated  partly  with  the  creek  water  and  partly  with 
water  from  this  well  showed  pronounced  symptoms  of  injury  not  only 
in  their  leaves  but  also  in  general  growth  conditions. 

The  conditions  that  have  resulted  in  the  occurrence  of  the  high 
content  of  boron  in  the  waters  of  Parida  Creek  appear  to  be  local. 
No  evidence  of  boron  injury  has  been  found  in  groves  on  either  side 
of  those  watered  by  it.  Furthermore,  a  sample  of  water  from  Santa 
Monica  Creek,  the  next  stream  east  of  Parida  Creek,  showed  only 
0.14  p.  p.  m,  of  boron,  while  a  sample  from  Rincon  Creek,  still  farther 
east,  contained  only  0.27  p.  p.  m. 

The  influence  of  the  salts  contributed  by  Parida  Creek  to  the  under- 
ground waters  below  its  delta  cone  is  to  be  seen  in  a  series  of  samples 
obtained  from  another  well  in  that  area.  These  samples  (Table  13) 
are  from  a  well  located  within  a  few  hundred  feet  of  the  beach  at 
Serena,  about  1  mile  from  the  delta  of  Parida  Creek.  The  table  shows 
in  detail  the  analyses  of  six  samples  taken  on  successive  dates. 
These  analyses  show  how  slight  are  the  variations  that  occur  in  such 
a  series  and  the  consequent  probability  that  a  single  sample  from  a 
well  will  give  dependable  information  as  to  the  quality  of  the  water. 

Table  13. — Quality  of  the  water  of  the  Serena  well  of  the   Toro  Canyon  ranch, 
located  near  the  beach  of  the  Pacific  at  the  delta  of  Parida  Creek 

[Discharge,  0.21  cubic  feet  per  second] 


Sam- 

K  X  105 
at  25°  C. 

Boron 

Milligram  equivalents 

Date 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1928 

Oct.  20.-1 ---- 

Oct.  24      -     .  .-.  

294 
310 
337 
357 
402 

643 

99 
95 
91 
94 
96 

97 

P.  p.  m. 
0.84 
.86 
.82 
.88 
.70 

.63 

5.00 
5.06 
4.50 
4.90 
4.85 

4.65 

2.60 
2.70 
2.40 
2.40 
2.25 

2.30 

2.88 
2.79 
2.80 
2.70 

2.75 

2.36 

5.10 
5.60 
5.00 
5.20 
5.35 

6.69 
5.49 

5.38 
4.94 

Nov.  1 

Nov.  6       

4.70 
4.80 

Nov.  14      - - 

4.  50 

1929 
Feb.  15                  

2.  62 

. 

95 

.79 

4.82 

2.44 

2.71 

4.48 

The  water  of  the  Serena  well  contains  much  less  salt  than  that  of 
Parida  Creek  and  also  much  less  boron;  yet  in  both  boron  and  chloride 
its  content  is  higher  than  that  of  waters'from  outside  the  area  imme- 
diately influenced  by  Parida  Creek.  The  samples  from  Santa  Monica 
and  Rincon  Creeks  to  the  eastward  have  been  referred  to  in  a  fore- 
going paragraph.     Waters  to  the  westward  were  likewise  found  to  be 
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free  from  injurious  boron  contamination.  A  series  of  samples  was 
obtained  from  the  supply  line  of  the  Montecito  water  district,  the 
analyses  of  which  are  given  in  Table  14.  The  water  supply  for  this 
district  has  been  developed  in  the  course  of  driving  a  tunnel  through 
the  Santa  Ynez  Mountains,  by  which  it  is  intended  ultimately  to 
conduct  surplus  flood  waters  stored  by  a  reservoir  on  the  Santa  Ynez 
River,  which  drains  the  region  north  of  these  mountains.  The  samples 
reported  in  the  table  represent  w  ater  developed  in  the  tunnel  and  not 
the  water  of  the  Santa  Ynez  River.  This  water  is  not  only  low  in 
total  salts  (conductance  66X10~^)  but  is  also  low  m  boron,  0.20 
p.  p.  m.  A  sample  (No.  295)  obtained  from  a  well  used  for  irrigation 
in  the  vicinity  of  Goleta,  still  farther  west  beyond  Santa  Barbara, 
was  found  to  have  a  conductance  of  187X10~^  and  a  boron  content 
of  0.26  p.  p.  m. 

Table  14. — Quality  of  the  water  of  the  Montecito  water  district,  as  sampled  at  the 
pipe  line  from  the  tunnel  leading  to  the  Santa  Ynez  River 


Sam- 
ple 
No. 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

Date 

CO3+ 
HCO3 

CI 

SO4 

Ca+ 
Mg 

Alkaline 
bases 

1928 
Oct.  23 

309 
336 
358 
401 

68 
62 
66 
70 

P.  p.  m. 

0.17 

.22 

.21 

.20 

4.35 
3.30 
4.10 
4.50 

0.30 
.45 
.25 
.30 

3.03 
3.07 
2.90 
3.06 

4.05 
4.50 
4.50 
4.90 

3.63 

Oct.  30 

2.32 

Nov.  6 

2.75 

Nov.  14. 

2.96 

Mean .-. 

66 

.20 

4.06 

.32 

3.01 

4.49 

2.90 

It  should  not  be  inferred  from  the  foregoing  statements  that  there 
are  no  other  occurrences  of  injurious  quantities  of  boron  in  waters  to 
the  west  and  northwest  along  the  coast  above  Santa  Barbara.  That 
region  has  not  yet  been  examined  critically.  The  point  it  is  desired 
to  emphasize  is  that  the  occurrence  of  boron  in  a  stream  such  as 
Parida  Creek  may  be  due  to  local  conditions  and  may  be  confined  to 
a  small  area. 

SIMI  AND  LAS  POSAS  VALLEYS 

Simi  and  Las  Posas  Valleys,  which  are  connected  end  to  end,  he  to 
the  south  of  the  Santa  Clara  Valley  and  are  separated  from  it  by  hills 
known  as  Oak  Ridge  and  South  Mountain.  The  valleys  include  the 
towns  of  Santa  Susana,  Simi,  Moorpark,  and  Somis.  The  drainage 
is  not  sufficient  to  maintain  a  perennial  surface  flow  from  the  valleys, 
and  there  is  no  defined  stream  channel  at  the  western  end,  which  is 
the  natiu-al  outlet. 

The  irrigation  supply  of  the  two  valleys  is  largely  obtained  from 
wells  located  in  the  valley  trough  or  near  the  deltas  of  the  tributary 
valleys.  The  salt  constituents  of  the  underground  waters  taken 
from  some  of  these  wells  are  shown  in  Table  15.  (Fig.  3.)  The  wells 
are  so  selected  as  to  be  representative  of  most  of  the  irrigation  waters 
in  this  section.  All  the  waters  sampled  are  relatively  high  in  total 
salt  content  as  measured  by  specific  conductance,  and  the  boron  con- 
tent is  close  to  or  above  the  critical  limit  of  0.5  p.  p.  m.  The  supply 
at  location  2  is  well  above  that  limit,  and  it  was  noted  that  the  leaves 
of  the  walnut  trees  irrigated  with  that  water  showed  the  character- 
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istic  type  of  injmy  and  the  high  boron  content  that  have  been  ob- 
served in  other  areas  where  the  boron  content  of  the  irrigation  water 
is  much  above  0.5  p.  p.  m.  These  waters  are  also  characterized  by 
relatively  high  proportions  of  sulphates  and  alkaline-earth  bases,  in 
which  they  resemble  the  waters  of  the  Santa  Clara  Valley. 

Table  15. — Quality  of  the  underground  water  of  the  Simi  Valley 


Samples 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

Location  No. 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1.-. 

2 

3 

4 

5                        .     --. 

Number 
3 
5 
3 
4 
5 
4 

153 
204 
190 
139 
155 
171 

P.  p.  m. 
0.68 
.98 
.71 
.46 
.55 
.60 

5.17 
4.62 
4.80 
4.13 
3.96 
5.36 

2.06 
2.93 
3.12 
2.22 
3.16 
2.28 

10.57 
16.63 
14.21 
9.17 
10.00 
11.15 

13.15 
18.01 
14.63 
10.63 
11.87 
13.75 

4.65 
6.17 
7.50 
4.89 
5.25 

6  • 

5.04 

LOCATIONS  OF  WELLS  LISTED  IN  TABLE  15 

1.  Wells  of  the  Tapo  Mutual  Water  Co.,  on  the  north  side  of  the  Simi  Valley 
near  the  outlet  of  Tapo  Canyon,  about  2.5  miles  northwest  of  Santa  Susana. 
These  samples  represent  a  number  of  different  weUs  and  possibly  some  gravity 
water. 

2.  Wolff  ranch  well,  0.25  mile  north  of  the  highway,  1  mile  west  of  Santa 
Susana;   depth,  433  feet;   discharge,  1.8  cubic  feet  per  second. 

3.  Simi  ranch  well,  0.2  mile  north  of  Simi,  near  the  bed  of  the  arroyo; 
depth,  227  feet;    discharge,  0.8  cubic  foot  per  second. 

4.  Hacienda  Sinaloa  wells,  0.5  mile  southwest  of  Simi;  depth  of  three  wells, 
200  to  222  feet;    combined  discharge,  3.5  cubic  feet  per  second. 

5.  Zone  Mutual  Water  Co.  wells,  1  mile  east  of  Somis,  and  0.1  mile  south  of 
highway  near  channel  of  Arroyo  Las  Posas;  approximate  depth,  790  feet;  dis- 
charge, 4.5  cubic  feet  per  second. 

6.  Del  Norte  Water  Co.  well,  2.5  miles  southeast  of  Saticoy,  near  the  junction 
of  Las  Posas  Valley  with  the  Santa  Clara  Valley. 

LOS  ANGELES  AQUEDUCT 

In  view  of  the  fact  that  symptoms  of  boron  injury  on  citrus  and 
walnut  trees  had  been  observed  in  the  San  Fernando  Valley,  it  seemed 
advisable  to  investigate  the  water  supplies  used  for  irrigation  in  that 
valley.  These  irrigation  waters  are  obtained  partly  by  pumping 
from  the  underground  waters  of  the  valley,  but  mostly  from  the  Los 
Angeles  Aqueduct.  Water  from  the  aqueduct  became  available  for 
irrigation  in  the  San  Fernando  Valley  in  1916,  and  since  that  time 
its  distribution  and  use  have  been  extended  until  at  present  it  forms 
by  far  the  chief  supply. 

The  Los  Angeles  or  Owens  River  Aqueduct  draws  its  water  supply 
chiefly  from  Owens  Kiver.  The  aqueduct  heading  is  located  in  Owens 
Valley  near  the  southwest  corner  of  sec.  13,  T.  11  S.,  R.  34  E.,  Mount 
Diablo  base  and  meridian.  From  this  diversion  point  the  water  of 
Owens  River  is  carried  south  through  the  valley  in  an  open,  unlined 
canal  for  24  miles  to  a  point  known  as  Alabama  Gates.  ^  Some  creeks 
and  springs  discharge  into  the  canal  along  this  section,  and  ihv, 
natural  flow  is  supplemented  by  a  number  of  wells  (about  60)  that 
are  drawn  upon  during  the  summer  as  additional  water  is  needed. 

From  Alabama  Gates  the  water  is  carried  in  an  open,  concrete-lined 
CM  rial  along  the  eastern  base  of  Alabama  Hills  and   the  Sierras,  in  a 
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southerly  direction  for  25  miles,  where  it  is  discharged  into  the  north 
end  of  Haiwee  Reservoir.  A  few  streams  from  the  mountains, 
notably  Cottonwood  Creek,  contribute  some  water  to  the  canal  in 
this  section.  Throughout  this  section  the  canal  is  carried  above  the 
level  of  the  valley  floor  and  the  dry  bed  that  was  formerly  Owens 
Lake. 

Haiwee  Reservoir  is  located  on  a  low  ridge  that  separates  Owens 
Valley  from  the  Mohave  Desert  and  drainage  basin.  It  occupies  a 
narrow  trough  across  this  ridge  with  a  dam  at  the  north  end  as  well 
as  at  the  south  end.  Its  capacity  is  63,000  acre-feet,  and  it  serves  to 
equalize  the  variable  discharge  of  the  upper  canal. 

At  the  south  end  of  Haiwee  Reservoir  the  water  is  carried  through 
a  penstock  and  power  house,  from  which  it  passes  into  the  main 
section  of  the  aqueduct,  a  lined  and  covered  section  that  discharges 
finally,  through  a  power  house,  into  a  reservoir  in  the  vSan  Fernando 
Valley  just  north  of  the  city  of  Los  Angeles. 

For  the  examination  of  the  water  of  the  aqueduct  here  reported, 
samples  were  taken  each  week  for  one  year  at  five  points  as  follows : 

(1)  At  the  heading  near  Aberdeen,  where  the  samples  represent  the  surface 
waters  reaching  the  Owens  River  above  that  point. 

(2)  At  Alabama  Gates,  north  of  Lone  Pine,  where  the  samples  represent  hot 
only  the  surface  waters  diverted  from  the  river  at  the  heading  but  also  the  addi- 
tions contributed  by  springs  and  by  seepage  along  the  unlined  section  of  the 
canal  and  by  the  wells  located  in  the  valley  on  both  sides  of  the  canal. 

(3)  At  North  Haiwee,  near  Olancha,  where  the  water  is  discharged  from  the 
lined  section  of  the  canal  into  the  Haiwee  Reservoir.  Samples  taken  at  this 
point  were  expected  to  serve  as  checks  on  the  samples  taken  at  Alabama  Gates, 
except  as  influenced  by  the  small  or  occasional  contributions  from  the  creeks 
that  drain  the  eastern  slopes  of  the  Sierras  in  this  section. 

(4)  At  South  Haiwee,  where  the  mixed  waters  of  the  reservoir  are  discharged 
into  the  covered  section  of  the  aqueduct. 

(5)  At  the  San  Fernando  power  house,  where  the  water  from  the  afpieduct  is 
discharged  into  a  reservoir  from  which  it  passes  into  conduits,  i)artl y  for  domes- 
tic and  industrial  uses  in  Los  Angeles  and  partly  for  irrigation  in  the  San  Fer- 
nando Valley. 

It  was  thought  that  by  means  of  this  series  of  samples  taken  each 
week  throughout  the  year  it  would  be  possible  to  determine  whether 
the  boron  in  this  supply  was  contributed  largely  from  the  drainage 
area  above  the  heading  or  from  the  area  below  that  point,  and,  fur- 
thermore, that  these  samples  would  afford  an  opportunity  to  check 
the  accuracy  of  the  analytical  determinations. 

In  addition,  it  was  decided  to  obtain  samples  from  the  underground 
supply  in  the  San  Fernando  Valley.  It  had  been  observed  that  the 
symptoms  of  boron  injury  were  not  to  be  found  everywhere  through- 
out the  valley  and  that  some  of  this  underground  water  was  used  for 
irrigation.  For  purposes  of  comparison  with  the  aqueduct  supply,  a 
series  of  weekly  samples  was  obtained  from  one  of  the  wells  supplying 
the  city  of  San  Fernando,  and  samples  were  also  obtained  for  short 
periods  from  one  of  the  mission  wells  and  from  one  of  the  Lankershim 
wells. 

OWENS  RIVER  ABOVE  THE  AQUEDUCT  HEADING 

Owens  River  is  formed  by  the  union  of  its  upper  tributaries  in  Long 
Valley,  about  20  miles  southeast  of  Mono  Lake.  This  valley  is  about 
12  miles  long  by  7  miles  wide,  sloping  to  the  southeast.  Its  swampy 
floor  is  7,000  feet  above  sea  level.  The  more  important  tributaries 
drain  the  high  Sierras  that  bound  the  valley  on  the  south  and  west. 
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(Fig.  5.)  In  the  valley  there  arc  a  number  of  hot  springs  and  small 
geysers,  which  yield  only  small  quantities  of  water;  but  these  waters 
are  relatively  rich  in  boron  salts. 

The  waters  collecting  in  Long  Valley  to  form  Ow^ens  River  are  dis- 
charged through  a  narrow  gorge  at  the  southeast  corner  of  the  valley, 
emerging  into  the  northwest  corner  of  the  upper  Owens  or  Bishop 
Valley  at  an  elevation  of  4,500  feet.  In  Bishop  Valley  numerous  other 
creeks  contribute  to  Owens  River,  notably  Rock  Creek  and  Bishop 
Creek.  The  waters  of  these  creeks  and  of  Owens  River  are  exten- 
sively diverted  for  irrigation  in  the  Bishop  Valley,  the  floor  of  which  is 


Figure  5.— Map  of  Long  Valley,  Calif.,  showing  tributaries  of  Owens  River  at  its  head  and  loca- 
tions of  water  samples  collected  in  August,  1928.    The  numbers  refer  to  those  listed  in  Table  16 

flat  and  poorly  drained.  The  surplus  waters  not  used  in  crop  production 
or  dissipated  by  evaporation  from  the  valley  swamps  find  their  way 
into  the  main  channel  of  Owens  River  and  pass  froiu  Bishop  Valley 
into  the  main  or  lower  Owens  Valley  to  be  diverted  into  the  aqueduct. 
In  the  summer  of  1928  numerous  samples  of  water  were  collected 
from  streams  and  springs  tributary  to  Owens  River  above  the  aque- 
duct heading.  The  first  series  of  samples  collected  in  July  was  tested 
qualitatively  for  boron.  It  was  found  that  in  the  mountain  streams 
and  in  many  of  the  springs  the  boron  content  was  very  low  but  that 
the  water  of  the  main  stream  as  it  leaves  Long  Valley  gave  a  strong 
boron  reaction.  It  was  found  also  that  the  waters  from  the  hot 
springs  and  geysers  in  Long  Valley  were  rich  in  boron,  and  the  indi- 
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cations  were  that  these  were  the  chief  source  of  the  boron  carried  in 
Owens  River. 

In  August  of  the  same  year,  1928,  a  series  of  larger  samples  of 
water  was  collected  from  this  area  for  the  quantitative  determination 
of  the  boron  content.  The  results  of  the  analyses  of  these  samples  are 
given  in  Table  16.^  The  first  five  samples  listed  in  the  table  repre- 
sent creeks  that  discharge  into  Long  Valley  from  the  mountains. 
These  waters  are  all  very  pure  and  contain  very  little  boron.  They 
may  be  taken  as  typical  of  most  of  the  water  contributed  to  Owens 
River, 


Table  16. — Quality  of  the  water  of  Owens  River  and  its  tributaries  above  the  heading 
of  the  Los  Angeles  Aqueduct,  as  sampled  in  August,  1928 


Sample 
No. 

Temper- 
ature 

Dis- 
charge 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

94 

18 

13 

20.5 

16.5 

19 

34.5 

36 

21 

17.5 

21 

22 

19 

25 

C.f.s. 

3.0 

10.0 

5.0 

15.0 

30.0 

35.0 

1.0 

100.0 

4.27 
10.3 
11.9 
9.78 
8.76 
59.1 
69.1 
21.1 
37.1 
31.3 
49.0 
31.9 
489.0 

P.  p.  m. 

0.13 
.05 
.03 
.02 
.08 

2.32 

2.94 
.41 

1.00 
.92 
.28 
.38 

9.28 

0.46 

.80 

1.00 

.90 

.80 

3.60 

4.30 

1.60 

2.70 

2.20 

2.70 

2.60 

50.40 

0.08 

0) 
Q) 
Q) 
(>) 

1.58 
2.03 
.29 
.70 
.57 
.30 
.37 
14.37 

0.18 
.51 
.53 
.14 
.64 
.68 
.70 
15 
.38 
.49 

1.16 
.44 

1.06 

0.20 

.90 

1.10 

.80 

.50 

1.00 

1.05 

.85 

1.35 

1.05 

2.25 

1.85 

43.50 

0  52 

95 

.4] 

96 

43 

101 

100 

98 

.24 

.94 
4.86 

97... 

5  98 

99 

1  19 

93.... 

2  43 

92 

2.21 

91 

11.3 

23.0 

.6 

1  91 

102 

90 

1.56 
22  33 

1  Trace. 


Of  these  five  samples  the  last  two,  Nos.  101  and  100,  were  taken 
from  the  upper  section  of  Mammoth  Creek.  This  creek  was  given 
special  attention  because  it  had  been  found  in  the  earlier  survey  that 
the  water  near  its  lower  end  gave  a  strong  reaction  for  boron.  The 
difference  in  the  quality  of  the  waters  of  this  creek  has  been  recognized 
locally,  the  same  stream  that  is  known  as  Mammoth  Creek  along  its 
upper  section  being  called  Hot  Creek  along  its  lower  section.  When 
the  samples  were  taken  on  August  17,  1928,  the  temperature  of  the 
water  at  the  town  of  Mammoth  was  16.5°  C.  (62°  F.) ;  at  the  highway 
crossing  it  was  19°  C.  (66°  F.);  while  in  the  lower  section,  below  the 
hot  springs  (sample  No.  98),  it  was  34.5°  C.  (94°  F.).  The  hot 
springs  and  geysers  that  appear  to  be  largely  responsible  for  the 
higher  temperature  and  the  increased  boron  content  of  the  water 
are  located  along  the  creek  in  a  canyon  in  sec.  25,  T.  3  S.,  R.  28  E. 
The  quantity  of  water  contributed  by  these  geysers  appears  to  be 
small,  but  its  salt  and  boron  content  must  be  high,  since  the  con- 
ductance of  the  water  above  them  is  9X  10"^,  whUe  below  them  it  is 
59X10"^.  The  boron  content  of  the  whole  stream,  which  had  an 
estimated  discharge  of  30  cubic  feet  per  second  above  the  geysers,  is 
increased  from  less  than  0.1  to  2.32  p.  p.  m. 

The  water  of  Owens  River  as  sampled  near  the  Ford  ranch  above 
the  junction  of  Hot  Creek  (sample  No.  99),  had  a  conductance  of 

5  The  last  four  samples  listed  in  this  table  are  from  the  Bishop  Valley,  and  the  locations  are  not  shown 
on  the  map,  Figure  5. 
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21  X  10~'^  and  a  boron  content  of  0.41  p.  p.  m.  The  same  stream,  as 
sampled  at  the  head  of  the  gorge  where  it  leaves  Long  Valley  (sample 
No.  93),  had  a  conductance  of  37X10"^  and  a  boron  content  of 
1  p.  p.  m.  At  the  lower  end  of  the  gorge  (sample  No.  92),  the  con- 
ductance was  31X10"^,  and  the  boron  content  0.92  p.  p.  m.,  indi- 
cating that  there  was  some  dilution  in  that  section  of  the  stream. 

The  foregoing  observations  as  to  conditions  in  Long  Valley  indicate 
that  the  boron  carried  out  of  the  valley  by  Owens  River  is  derived 
largely  from  the  hot  springs  that  occur  at  several  places  on  the  valley 
floor.  Among  these,  the  ones  located  along  the  channel  of  Mammoth 
Creek  appear  to  be  the  most  important.  But  there  are  known  to 
be  others,  as  at  Casa  Diablo  and  at  Whitmore's  Tub.  A  sample  of 
water  obtained  at  the  latter  place  (sample  No.  97),  had  a  conductance 
of  69  X  lO"'^  and  a  boron  content  of  2.94  p.  p.  m. 

In  view  of  the  fact  that  the  quantities  of  water  delivered  by  these 
high-boron  hot  springs  are  relatively  small,  it  might  be  possible  to 
isolate  some  or  all  of  them  from  the  main  drainage  system  and  thereby 
reduce  materially  the  quantity  of  boron  carried  by  the  main  stream. 

The  surveys  of  the  summer  of  1928  did  not  disclose  any  important 
source  of  boron  contamination  in  the  Owens  River  drainage  below 
Long  Valley.  A  sample  of  water  from  Fish  Slough,  north  of  Bishop 
(sample  No.  91),  contained  only  0.28  p.  p.  m.,  while  a  sample  of 
water  from  a  drainage  canal  south  of  Bishop  and  below  the  delta  of 
Bishop  Creek  (sample  No.  102)  contained  only  0.38  p.  p.  m.  of  boron. 
The  latter  sample  is  significant  in  that  it  represents  in  part  drainage 
from  lands  irrigated  by  diversion  from  Owens  River,  and  its  com- 
position shows  that  the  boron  content  of  the  underground  water  is 
lower  than  that  of  Owens  River,  probably  because  of  dilution  by  the 
relatively  pure  water  from  Bishop  Creek. 

The  last  sample  listed  in  Table  IG  (sample  No.  90)  is  from  an 
artesian  well  just  south  of  the  aqueduct  heading  in  Owens  Valley. 
The  water  from  this  well  is  warm  and  very  salty,  with  a  conductance 
of  489X10"^;  and  the  boron  content  of  9.28  p.  p.  m.  is  very  high. 
The  discharge  of  0.6  cubic  feet  per  second  is  so  small,  however,  that 
the  total  quantity  of  boron  contributed  to  the  aqueduct  supply  from 
this  source  is  small  as  compared  with  the  quantities  derived  from  the 
hot  springs  in  Long  Valley.  Thus,  if  the  boron  content  of  the  water 
from  this  artesian  wxll  be  computed  as  borax,  on  the  basis  of  the 
analysis  and  discharge  reported  from  sample  No.  90  in  the  table,  the 
daily  output  of  borax  from  this  well  would  be  265  pounds.  By  a 
similar  computation  for  Hot  Creek  (sample  No.  98),  a  discharge  of 
35  cubic  feet  per  second,  with  a  boron  content  of  2.32  p.  p.  m.,  is 
equivalent  to  3,859  pounds  of  borax  per  day. 

These  surveys  of  the  tributaries  of  Owens  River  above  the  aqueduct 
heading  indicate  that  the  boron  entering  the  aqueduct  water  supply 
is  largely  contributed  by  the  hot  springs  and  geysers  in  Long  Valley. 
These  geysers  and  hot  springs  yield  a  relatively  small  part  of  the  total 
water  supply  obtained  from  that  valley,  and  in  so  far  as  it  may  be 
feasible  to  isolate  them  and  withhold  their  waters  there  should  result 
a  corresponding  decrease  in  the  boron  content  of  the  aqueduct  water. 
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LOCATIONS   LISTED   BY   LABORATORY   NUMBERS   IN   TABLE   16 

94.  Hilton  Creek,  in  Long  Valley,  about  1  mile  above  its  junction  with  Owens 
River;  sec.  23,  T.  4  S.,  R.  29  E.,  Mount  Diablo  base  and  meridian;  sample  taken 
August  17,  1928;  temperature,  18°  C. 

95.  McGee  Creek,  in  Long  Vallej^  about  3  miles  above  its  junction  with  Owens 
River;  sec.  21,  T.  4  S.,  R.  29  E.;  sample  taken  August  17,  1928;  temperature, 
13°  C. 

96.  Convict  Creek,  in  Long  Valley,  about  5  miles  above  its  junction  with 
Owens  River;  sec.  6,  T.  4  S.,  R.  29  E.;  sample  taken  August  17,  1928;  temperature, 
20.5°  C. 

101.  Mammoth  Creek  (Hot  Creek),  in  Long  Valley,  at  Majnmoth,  about 
13  miles  above  its  junction  with  Owens  River;  sec.  2,  T.  4  S.,  R.  27  E.;  sample 
taken  August  17,  1928;  temperature,  16.5°  C. 

100.  Mammoth  Creek  (Hot  Creek),  in  Long  Valley  at  highway  crossing,  about 
9  miles  above  its  junction  with  Owens  River;  sec.  32,  T.  3  S.,  R.  28  E.;  sample 
taken  August  17,  1928;  temperature,  19°  C. 

98.  Hot  Creek  (Mammoth  Creek),  in  Long  Valley  at  bridge,  about  3  miles 
above  its  junction  with  Owens  River;  sec.  19,  T.  3  S.,  R.  29  E.;  sample  taken 
August  17,  1928;  temperature,  34.5°  C. 

97.  Whitmore  Tub  Springs,  in  Long  Valley;  sec.  6,  T.  4  S.,  R.  29  E.;  sample 
taken  August  17,  1928;  temperature,  36°  C. 

99.  Owens  River,  in  Long  Valley,  at  Ford  ranch,  6  miles  above  junction  of 
Hot  Creek,  sec.  25,  T.  2  S.,  R.  28  E.;  sample  taken  August  17,  1928;  tempera- 
ture, 21°  C. 

93.  Owens  River,  at  outlet  of  Long  Vallev,  one-fourth  mile  below  the  junction 
of  Crooked  Creek;  sec.  19,  T.  4  S.,  R.  30^  E.;  sample  taken  August  17,  1928; 
temperature,  17.5°  C. 

92.  Owens  River,  at  mouth  of  gorge  into  Round  Valley,  one-half  mile  above 
junction  of  Rock  Creek;  sec.  10,  T.  6  S.,  R.  31  E.;  sample  taken  August  16,  1928; 
temperature,  21°  C. 

91.  Fish  Slough,  Bishop  Valley,  about  2  miles  above  its  junction  with  Owens 
River;  sec.  13,  T.  6  S.,  R.  33  E.;  sample  taken  August  16,  1928;  temperature, 
22°  C. 

102.  Drainage  ditch,  Owens  Valley,  4  miles  south  of  Bishop;  sample  taken 
August  17,  1928;  temperature,  19°  C. 

90.  Artesian  well,  Aberdeen;  one-fourth  mile  south  of  the  heading  of  the  Los 
Angeles  Aqueduct;  sample  taken  August  10,  1928;  temperature,  25^  C. 

QUAUTY  OF  THE  AQUEDUCT  WATER 

The  general  features  of  the  Owens  River  Aqueduct  and  the  loca- 
tions of  the  places  where  its  waters  were  sampled  have  been  described 
above.  It  remains  to  report  and  discuss  the  results  of  the  analyses  of 
these  samples.  The  samples  from  the  heading,  Alabama  Gates, 
North  Haiwee,  and  South  Haiwee  were  taken  each  week  throughout 
the  year  by  local  employees  of  the  bureau  of  water  and  power  of  the 
city  of  Los  Angeles.^  The  samples  were  taken  in  1-gallon  glass  bot- 
tles. These  were  labeled  as  to  date,  location,  and  volume  of  dis- 
charge, and  were  shipped  by  parcel  post  to  the  Limoneira  laboratory 
at  Santa  Paula.  The  samples  from  the  San  Fernando  power  house 
were  taken  by  persons  connected  with  the  Limoneira  laboratory  until 
April  9,  1929,  after  which  date  they  w^ere  taken  by  R.  L.  Rich,  a 
power-house  employee,  and  sent  to  the  laboratory  by  mail. 

The  quality  of  the  water  at  the  aqueduct  heading  for  the  year  ended 
August  2,  1929,  is  shown  in  Table  17.  At  this  point  the  volume  of 
discharge  is  more  variable  from  month  to  month  than  it  is  at  the  other 
points  where  samples  were  taken.  It  was  at  its  lowest  in  August, 
1928,  increasing  rapidly  in  October  with  the  advent  of  winter  rains  and 

«  The  samples  from  the  aqueduct  heading  were  taken  by  John  I.  Jones;  those  from  Alabama  Gates  by 
Frank  Laskey;  those  from  North  Haiwee  by  William  Carter;  and  those  from  South  Haiwee  by  J.  L.  Mc- 
Cullough. 
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the  end  of  the  irrigation  season  in  Bishop  Valley.  It  should  be  noted 
with  respect  to  these  discharge  records  that  the  figures  reported  in  this 
and  the  following  tables  for  the  aqueduct  are  the  means  of  reports 
made  each  week  at  the  time  of  sampling.  These  figures  should  not  be 
taken  as  representing  the  actual  mean  daily  discharge  of  the  aqueduct 
at  the  points  named,  because  of  fluctuations  that  may  have  occurred 
between  the  times  of  sampling.  The  peak  of  the  discharge  at  the 
heading  for  the  year  occurred  during  the  winter  months,  December  to 
February.  The  total  salt  content  as  measured  by  specific  electrical 
conductance  (at  25°  C.)  was  always  low  as  compared  with  many  of 
the  irrigation  supplies  of  southern  California. 

Table  17. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  as  sampled  at  the 
heading  near'  Aberdeen,  Calif.,  August,  1928,  to  July,  1929 


[Monthly  means  of 

weekly  analyses] 

Year  and 
month 

Sam- 
ples 

Dis- 
charge 

KX10« 
at  25°  C. 

Boron 

Milligram  equivalents 

C03-f 

HC03 

CI 

SO4 

Ca-l-Mg 

Alkaline 
bases 

1928 

August 

September 

October 

November 

December 

1929 

January 

February 

March       -  . 

Num- 
ber 
5 
4 
4 
5 
4 

5 
4 
4 
4 
5 
4 
5 

C.f.s. 
62 
90 

218 
291 
328 

338 
323 
274 
187 
163 
159 
126 

41.5 
44.0 
37.2 
37.5 
37.3 

38.8 
45.6 
55.5 
48.7 
45.7 
39.5 
35.3 

P.  p.  TO. 

0.47 
.56 

.77 
.87 
.68 

.80 

.78 
1.26 
.96 

.78 
.72 
.55 

3.26 
3.45 
2.71 
2.59 
2.60 

2.66 
2.85 
3.63 
3.27 
3.18 
2.74 
2.56 

0.62 
.59 
.67 
.58 
.69 

.71 
.75 
1.12 
.87 
.63 
.60 
.49 

0.64 
.75 
.68 
.59 
.63 

.58 
.86 
.73 
.78 
.68 
.52 
.58 

2.16 
2.02 
1.51 
1.23 
1.54 

1.74 
2.11 
1.95 
2.25 
2.25 
1.86 
1.98 

2.36 
2.76 
2.55 
2.53 
2.38 

2.21 
2.34 
3.53 

April 

2.67 

May     .       

2.24 

June 

2.00 

July 

1.64 

Mean 

213 

42.2 

.  77 

2.96 

.69 

.67 

1.88 

2.43 

The  mean  monthly  boron  content  at  the  aqueduct  heading  ranged 
from  a  low  point  of  0.47  p.  p.  m.  in  August,  1928,  to  1.26  p.  p.  m.  in 
March,  1929,  with  a  mean  of  0.77  for  the  year.  The  discharge^  of 
Owens  River  as  sampled  at  the  aqueduct  heading  shows  a  condition 
with  respect  to  the  relation  of  salt  content  to  discharge  that  is  different 
from  that  of  some  of  the  other  streams  in  southern  California.  The 
salt  content  of  Owens  River  tends  to  increase  with  the  discharge,  par- 
ticularly toward  the  end  of  the  flood  season.  The  salt  content  of  the 
Colorado  River,  on  the  other  hand,  is  much  lower  diiring  the  flood 
season  than  during  the  period  of  low  discharge.  It  will  be  observed 
also  that  there  is  an  apparent  relationship  between  the  boron  content 
and  the  chloride  content  of  the  water  entering  the  aqueduct.  A 
similar  relationship  is  to  be  seen  in  Table  16,  which  includes  the  anal- 
yses of  waters  from  Long  Valley  and  from  an  artesian  well  in  Owens 
Valley.  The  boron  content  of  the  water  at  the  aqueduct  heading 
when  computed  as  borax  is  equivalent  to  an  average  of  3.89  tons  per 
day. 

The  conditions  at  Alabama  Gates  are  shown  in  Table  18.  It  may 
be  recalled  that  the  aqueduct  water  is  conducted  from  the  heading  to 
Alabama  Gates  in  an  open,  unlined  canal  into  which  springs,  streams, 
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and  wells  discharge.  There  is  somewhat  less  vaiialion  in  the  dis- 
charge from  month  to  month  at  Alabama  Gates  than  at  the  heading. 
Both  the  salt  content,  as  measured  by  conductance,  and  the  boron 
content  are  lower.  This  fact  indicates  that  the  water  contributed 
along  this  section,  a  daily  average  for  the  year  of  63  c.  f.  s.,  adds  very 
little  salt  or  boron  to  the  system.  The  computed  borax  content  of 
the  aqueduct  at  this  point  is  equivalent  to  4.06  tons  per  day. 

Table  18. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  as  sampled  at  Alabama 
Gates,  near  Lone  Pine,  Calif.,  August,  1928,  to  July,  1929 

[Monthly  means  of  weekly  analyses] 


Year  and 
month 

Sam- 
ples 

Dis- 
charge 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCO3 

CI 

SOi 

Ca+Mg 

Alkaline 
bases 

1928 

August 

September 

October 

November 

December 

1929 

January 

February. 

March 

April 

Num- 
ber 

5 

5 
5 

C.  /.  s. 
153 
173 
295 
364 
382 

382 
376 
338 
203 
233 
217 
200 

32.0 
34.0 
33.3 
35.0 
34.6 

38.1 
40.6 
44.3 
44.1 
39.6 
33.8 
31.6 

P.  p.  m. 
0.39 
.46 
.64 
.66 
.63 

.71 

.67 
.90 
.76 
.65 
.56 
.40 

2.32 
2.46 
2.32 
2.47 
2.38 

2.26 
2.56 
2.97 
3.01 
2.59 
2.30 
2.25 

0.51 
.44 
.55 
.59 
.59 

.64 
.66 
.79 
.82 
.61 
.49 
.50 

0.62 

.55 
.88 
.55 
.66 

.66 
.63 
.69 
.64 
.52 
.48 
.46 

1.59 
1.39 
1..54 
1.20 
L51 

1.67 
1.74 
1.71 
2.13 
2.01 
1.82 
1.84 

1.68 

1.87 
2.06 
2.24 
2.42 
2.12 

1.79 
2.11 
2.74 
2.35 

May 

1  71 

1  45 

July 

1  33 

Mean 

276 

36.7 

.62 

2.49 

.60 

.60 

2  01 

The  samples  taken  at  North  Haiwee  (Table  19)  should  show  con- 
ditions closely  similar  to  those  found  at  Alabama  Gates.  The  canal 
between  these  two  points  is  concrete  lined,  and  the  total  contribution 
from  the  creeks  discharging  into  this  section  is  not  large.  In  view  of 
the  fact  that  the  samples  were  taken  at  the  two  points  on  different 
days  of  the  week  and  might  represent  different  conditions  of  discharge, 
it  is  not  to  be  expected  that  there  would  be  exact  agreement  in  the 
analytical  results.  There  is,  however,  a  close  agreement  between  the 
two  stations  in  the  annual  means.  The  discharge  at  North  Haiwee 
is  slightly  higher,  by  a  daily  average  of  7  c.  f.  s.  The  total  salt  con- 
tent as  measured  by  conductance  is  slightly  lower,  indicating  that  a 
measurable  quantity  of  salt  is  not  contributed  to  this  section  of  the 
canal.  The  mean  boron  content  is  slightly  higher,  but  a  critical 
examiQation  of  the  detailed  analytical  results  leads  to  the  conclusion 
that  this  higher  mean  is  due  to  the  chance  irregularities  of  sampling 
rather  than  to  uniformly  higher  boron  content  at  North  Haiwee. 
Differences  of  similar  magnitude  occur  in  the  results  for  the  other 
constituents  reported  in  the  tables. 
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Table  19. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  as  sampled  at  North 

liaiwee,  near  Olancha,  Calif.,  August,  1928,  to  Jiily,  1929 

[Monthly  means  of  weekly  analyses] 


Year  and 
month 

Sam- 
ples 

Dis- 
charge 

KX105 
at  25°  C. 

Boron 

Milligram  e(iuivalent; 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1928 

August 

September 

October 

November 

December 

1929 

January 

February 

March 

April.  ... 

Num- 
ber 
5 
4 

\ 

4 

4 
4 
4 

4 

C.  f.  s. 
143 
176 
300 
366 
402 

394 
381 
336 
204 
246 
234 
215 

31.3 
34.5 
33.4 
34.6 
34.3 

37.4 
39.8 
49.2 
40.1 
35.4 
33.2 
30.2 

P.  p.  m. 
0.39 
.59 
.64 
.86 
.60 

.74 
.74 
1.20 
.80 
.62 
.52 
.40 

2.15 
2.42 

2142 
2.34 

2.57 
2.66 
3.24 
2.78 
2.48 
2.23 
2.08 

0.51 
.61 
.59 
.62 
.61 

.69 
.72 
1.01 
.69 
.59 
.48 
.46 

0.54 
.82 
.59 
.53 
.61 

.53 
.55 
.70 
.49 
.66 
.47 
.53 

1.49 
1.35 
1.24 
1.19 
1.41 

1.70 
1.71 
1.67 
2.03 
1.95 
1.71 
1.72. 

1.67 
2.51 
2.32 
2.38 
2.15 

2.09 
2.23 
3.28 

1  78 

May 

June 

1.47 
1.36 

July 

Mean 

283 

36.1 

.67 

2.48 

.63 

.58 

1.60 

2.10 

The  analytical  results  for  the  samples  taken  at  South  Haiwee  are 
given  in  Table  20.  The  samples  taken  at  this  station  represent  water 
that  has  been  mixed  in  the  Haiwee  Reservoir  and  consequently  should 
be,  as  shown  in  the  table,  less  variable  from  month  to  month  than 
samples  taken  from  stations  above  the  reservoir.  The  discharge  for 
the  year  at  South  Haiwee  averaged  very  close  to  that  at  North  Haiwee, 
and  the  average  boron  content  was  the  same,  which  affords  a  basis  for 
confidence  in  the  accuracy  of  these  determinations. 


Table  20. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  as  sampled  at  South 

Haiwee,  near  Olancha,  Calif.,  August,  192S,  to  July,  1929 

[Monthly  means  of  weekly  analyses] 


Year  and 
month 

Sam- 
ples 

Dis- 
charge 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

1928 

August 

September 

October. ------ 

November...-. 
December 

1929 

January 

February 

March 

Num- 
ber 
4 
5 
4 
5 
4 

b 
4 
4 
4 
5 
4 
5 

C.f.s. 
375 
300 
254 
267 
275 

232 
220 
220 
221 
334 
350 
374 

33.2 
36.9 
36.0 
36.0 

35.2 

36.0 
37.9 
39.3 
41.0 
43.0 
44.3 
39.7 

P.  p.  m. 
0.64 
.66 
.58 
.61 
.56 

.67 
.68 
.74 
.73 
.81 
.73 
.68 

2.40 
2.62 
2.47 
2.66 
2.49 

2.47 
2..^ 
2.  58 
2.78 
2.93 
2.85 
2.73 

0.52 
.62 
.64 
.56 
.61 

.66 
.65 
.62 
.69 
.82 
.77 
.67 

0.65 
.79 
.79 
.72 
.66 

.54 
.53 
.64 
.64 
.66 
.87 
.65 

1.27 
L34 
1.39 
1.23 
L62 

L78 
1.69 
1.70 
1.76 
1.93 
2.10 
1.87 

2.28 
2.76 
2.54 
2.71 
2.14 

1.89 
2.05 
2.10 

April 

2.36 

May 

June 

July 

2.25 
2.38 
2.17 

Mean 

286 

38.2 

.67 

2.63 

.65 

.68 

1.64 

2.30 

The  fifth  series  of  samples  of  aqueduct  water  came  from  the  outfall 
of  the  closed  section  of  the  aqueduct  at  the  San  Fernando  power  house 
about  1  mile  north  of  San  Fernando,  CaUf .     The  results  of  the  analyses 
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of  these  samples  are  shown  in  Table  21.  The  mean  discharge  as 
reported  for  the  San  Fernando  power  house  is  somewhat  lower  than 
that  reported  for  three  of  the  upper  stations,  but  this  may  be  due  to 
accidental  differences  in  discharge  conditions  at  the  time  of  sampling 
rather  than  to  actual  losses  of  water  from  the  system.  The  salt 
content  as  measured  by  conductance  is  shghtly  higher  than  at  the 
other  three  stations  below  the  heading,  but  the  boron  content  is 
approximately  the  same  as  at  North  Haiwee  and  South  Haiwee. 
The  discharge  and  salt-content  conditions  of  the  aqueduct  are  sum- 
marized in  Table  22.  The  results  brought  together  in  that  table 
appear  to  indicate  that  the  water  supply  brought  into  the  Los  Angeles 
district  by  the  Owens  River  Aqueduct  carries  the  boron  equivalent  of 
approximately  4  tons  of  borax  per  day  and  that  practically  all  of  this 
boron  is  contributed  to  the  system  above  the  heading  at  Aberdeen. 
In  view  of  the  close  agreement  of  the  mean  results  of  the  boron 
detennination  for  the  stations  of  North  Haiwee,  South  Haiwee,  and 
the  San  Fernando  power  house,  involving  a  total  of  162  quantitative 
analyses,  it  is  beheved  that  the  boron  content  of  the  aqueduct  water 
for  1928-29  was  approximately  0.68  p.  p.  m. 

Table  21. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  as  sampled  at  the  Sail 
Fernando  power  house,  near  San  Fernando,  Calif.,  July,  1928,  to  July,  1929 

[Monthly  means  of  weekly  analyses] 


Year  and 
month 

Sam- 
ples 

Dis- 
charge 

KX10« 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCO3 

CI 

SO4 

Ca-fMg 

Alkaline 
bases 

1928 
July 

Num- 
ber 
4 

4 
5 
4 
4 

5 
4 
4 
5 
3 
4 

C.f.s. 
356 
356 
261 
223 
214 
255 

163 
164 
190 
185 
329 
332 
317 

37.4 
34.  5 
39.  (i 
39.7 

38.  1 
36.  9 

39.9 
39.8 
41.4 
40.6 
45.1 
44.8 
41.8 

P.  p.  m. 

0.68 
.  65 

.66 
.62 
.66 

.64 
.67 
.71 
.73 
.80 
.78 
.66 

2.80 
2.56 
2.37 
2.  56 
2.51 
2.  50 

2.50 
2.56 
2.62 
2.67 
2.91 
2.89 
2.87 

0.56 
.58 
.52 
.64 

.  59 
.62 

.03 
.62 
.61 
.68 
.82 
.75 
.76 

0.60 
.70 

.82 
.90 

.80 
.82 

.70 
.67 
.75 
.68 
.63 
.79 
.66 

1.  52 
1.49 
1.42 
1.66 
1.31 
1.58 

1.94 
1.95 
1.86 
1.96 
2.04 
1.91 
2.05 

2.44 

August 

September 

October 

November 

December 

1929 

January 

February 

March. 

2.34 
2.30 
2.44 

2.  59 
2.  36 

1.89 
1.91 
2  12 

April 

2.07 

May 

2.33 

June -  ... 

2.53 

July 

2.22 

Mean. 

257 

40.0 

.68 

2.64 

.64 

.73 

1.74 

2.27 

Table  22. — Quality  of  the  water  of  the  Los  Angeles  Aqueduct  from  August,  1928,  to 

July,  1929 
[Means  of  monthly  means  at  five  points] 


Discharge 

KX105 
tit  25°  C. 

Boron 

Milligram  equivalents 

T.ofttlion 

('O3+ 
H('03 

CI 

SO4 

Ca-fMg 

Alkaline 
bases 

Heading. 

C.  f.  s. 

213 

276 
283 
285 
257 

42.2 
36.7 
36.1 
38.2 
40.0 

P.  p.  III. 
.     0.77 
.62 
.67 
.67 
.68 

2.96 
2.49 
2.48 
2.63 
2.64 

0.69 
.60 
.63 
.65 
.64 

0.67 
.60 
.58 
.68 
.73 

1.88 
1.68 
1.60 
1.64 
1.74 

2.43 
2.01 
2.10 
2.30 
2.27 

.\labama  Gates 

North  Haiwee 

South  Haiwee 

San  Fernando 

63925°— 31- 


54     TECHNICAL  BULLETIN    264,    U.    S.    DEPT.    OF    AGRICULTURE 


UNDERGROUND  WATERS  OF  THE  SAN  FERNANDO  VALLEY 

The  San  Fernando  Valley,  which  lies  north  of  the  city  of  Los 
Angeles,  is  almost  entirely  surrounded  by  low  mountains.  From  the 
San  Gabriel  Mountains  on  the  northeast,  it  receives  flood  waters 
through  the  Tujunga  and  Pacoima  washes.  These  flood  waters, 
together  with  the  drainage  from  the  Santa  Monica  Mountains  to 
the  south  of  the  valley,  unite  to  form  the  Los  Angeles  River, 
which  drains  the  valley  at  its  southeast  corner. 

Under  present  conditions  there  is  seldom  any  surface  flow  in  the 
streams  mentioned.  The  underground  waters  are  drawn  upon  for 
use  by  the  city  of  Los  Angeles  by  means  of  wells,  of  which  some  are 
located  in  or  near  the  bed  of  the  Los  Angeles  River,  some  in  the  center 
of  the  valley  near  Lankershim,  and  some  at  the  north  edge  of  the 
valley  near  the  San  Fernando  Mission.  The  water  supply  for  San 
Fernando  is  drawn  from  wells  on  the  north  side  of  the  town,  a  short 
distance  east  of  the  mission  wells. 

In  view  of  the  fact  that  water  from  the  San  Fernando  city  wells 
and  the  mission  wells  is  used  to  some  extent  for  irrigation,  these 
wells  were  sampled  and  analyzed  for  comparison  with  the  water  of 
the  Owens  River  Aqueduct.  Samples  were  obtained  also  from  one 
of  the  Lankershim  wells,  but  the  wells  farther  south  along  the  bed 
of  the  Los  Angeles  River  were  not  sampled. 

The  results  of  the  observations  on  the  water  from  well  No.  1  of 
the  city  of  San  Fernando  are  shown  in  Table  23.  To  facilitate  direct 
comparison  with  the  aqueduct  water,  as  sampled  at  the  San  Fernando 
power  house  (Table  21),  these  results  are  given  as  monthly  means 
and  summarized  for  the  year.  The  San  Fernando  city  water  is 
slightly  higher  in  total  salt  content,  as  measured  by  conductance 
(52.7),  than  the  aqueduct  water  (40),  The  boron  content  is  0.31 
p.  p.  m.,  as  compared  with  0.68  for  the  aqueduct.  The  bicarbonate, 
sulphate,  and  calcium-magnesium  content  is  higher,  but  the  chloride 
and  sodium-potassium  content  is  lower. 

-Quality  of  the  water  from  well  No.  1  of  the  city  of  San  Fernando,  Calif. 
[Discharge,  1.25  cubic  feet  per  second] 


Table  23. 


Samples 

KX10« 
at  25°  C. 

Boron 

Milligram  equivalents 

Year  and  month 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alkaline 
bases 

■        1928 
July        -  - 

Number 
4 
5 
4 
5 
4 
3 

5 
3 
4 
4 
3 
4 
4 

52.7 
51.1 
53.4 
53.5 
53.0 
52.6 

.53.  5 
52.  (> 

5;i  3 

51.9 
52.0 
52.7 
52.9 

P.  p.  m. 
0.31 
.28 
.30 
.34 
.33 
.34 

.33 
.39 
.29 
.29 
.29 
.26 
.26 

3.95 
3.94 
3.95 
3.81 
3.72 
3.80 

3.82 
3.  75 
3.72 
3.74 
3.84 
3.67 
3.70 

0.40 
.47 
.40 

.48 
.45 
.48 

.47 
.43 
.44 
.44 
.45 
.43 
.44 

1.23 
1.46 
1.29 
1.49 
1.30 
1.22 

1.2() 
1.  15 
1.24 
1.21 
1.48 
1.28 
1.28 

4.21 
4.28 
4.07 
3.92 

3.  .50 

4.  16 

4.76 
4.67 
4.21 
4.33 
4.39 
4.06 
4.48 

1.38 

August 

1.59 

1.57 

October 

November 

1.86 
1.98 

1.34 

1929 

.79 

February 

.68 

March 

1.  19 

April 

1.09 

May 

1.39 

June 

1.31 

July 

.93 

Mean 

52.7 

.31 

3.80 

.44 

1.30 

4.23 

1.31 

In  view  of  the  fact,  discussed  in  more  detail  in  another  section,  that 
symptoms  of  boron  injury  were  not  found  on  plants  irrigated  with 
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water  from  the  San  Fernando  city  supply  but  generally  on  lemons 
irrigated  with  aqueduct  water,  it  might  be  inferred  that  the  critical 
limit  for  boron  in  irrigation  water  lies  between  0.31  and  0.68  p.  p.  m., 
but  the  evidence  is  not  conclusive.  The  results  here  reported  deal 
with  conditions  for  only  one  year.  It  is  possible  that  in  previous 
years  the  boron  content  of  the  aqueduct  water  may  have  been  higher. 
It  is  also  possible  that  conditions  with  respect  to  the  soil,  methods  of 
irrigation,  or  quantities  of  water  applied  may  be  essentially  different 
in  the  city  of  San  Fernando  from  the  corresponding  factors  in  the 
valley  outside  the  city. 

The  quality  of  the  water  used  in  San  Fernando  is  compared  in 
Table  24  with  that  of  water  from  the  mission  and  Lankershim  wells. 
The  water  of  the  mission  well  is  slightly  higher  in  conductance,  in 
sulphate,  and  in  alkaline  bases  (sodium  and  potassium)  than  that  of 
the  San  Fernando  city  well.  The  boron  content  i,s  approximately  the 
same.  The  water  of  the  Lankershim  wells  is  much  lower  in  conduct- 
ance and  somewhat  lower  in  all  the  salt  constituents,  including  boron. 
These  Lankershim  wells  are  located  in  the  delta  of  the  Tujunga  wash, 
and  the  indications  are  that  the  flood  waters  from  the  San  Gabriel 
Mountains  and  the  Verdugo  Hills  that  contribute  largely  to  the  under- 
ground supply  of  the  San  Fernando  Valley  contain  very  little  boron. 
It  seems  highly  probable  that  whatever  boron  injury  occurs  to  the 
orchard  crops  in  the  San  Fernando  Valle}^  is  due  to  the  use  of  water 
brought  in  through  the  Owens  River  Aqueduct  and  that  this  boron  is 
contributed  to  that  supply  by  the  fumaroles  and  hot  springs  in  Long 
Valley. 

Table  24. — Quality  of  underground  water  of  the  San  Fernando  Valley,  as  sampled 
at  three  points  during  1928  and  1929 


Location  and  well 
No. 

Samples 

KX105 
at  25°  C. 

Boron 

Milligram  equivalents 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Al  lea  line 
bases 

San  Fernando  City, 
No.  1 

Number 
52 
18 
4 

52.7 
63.0 
36.3 

P.  p.  m. 

0.31 

.32 

.12 

3.80 
3.82 
3.03 

0.44 

.83 
.26 

1.30 

2.17 

.59 

4.23 
4.26 
2.63 

1.31 

Mission,  No.  2 

Lankershim,  No.  5... 

2.56 
1.25 

ARROWHEAD  HOT  SPRINGS 

Evidences  of  boron  injury  discovered  in  a  limited  area  northeast  of 
San  Bernardino,  Calif.,  led  to  an  investigation  of  the  irrigation  waters 
originating  in  the  adjacent  foothills  of  the  San  Bernardino  Mountains. 
The  San  Andreas  fault  line  here  makes  the  dividing  line  between  the 
San  Bernardino  Plain  and  the  massive  uplift  to  the  north.  The  local 
run-off  from  the  moimtains  is  collected  in  a  number  of  small  streams 
whose  delta  cones  cross  the  faulted  zone  at  right  angles  and  whose 
flood  waters  join  the  Santa  Ana  River.  The  surface  waters  of  these 
streams  and  of  the  cold-water  springs  above  the  fault  line  contain  very 
little  boron,  as  may  be  seen  in  the  first  four  entries  in  Table  25.  The 
hot  springs  of  the  Arrowhead  area  yield  more  boron  as  well  as  much 
more  chloride  and  sulphate  than  the  surface  waters.  These  hot  waters 
discharge  into  Waterman  Creek  to  the  west  and  into  East  Twin  Creek 
to  the  east.  The  latter  is  joined  by  Strawberry  Creek  from  the  north- 
east at  a  point  just  a-bove  the  hot-springs  area. 
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Table  25. — Quality  of  the  water  in  the  vicinity  of  Arrowhead  Hot  Springs 


Sam- 
pi  0 
No. 


2437 
2439 
2440 
2442 
2436 
2443 
2444 
2445 
2438 
2441 
547 
548 
549 


Ivocation  or  source 


Waterman  Creek. 
East  Twin  Creek- 
Strawberry  Creek. 

Cold  springs 

Hot  spring 

.—do 

do 

....do 


Irrigation  Mater. 

do 

do 

do 

Harrison  wells.. 
Highland  well.. 


K  X  10'^ 
at  25°  C. 


34.0 
27.4 
22.5 
43.1 
125.0 
140.0 
152.0 
149.0 
60.5 
45.5 
76.1 
76.1 
32.4 
61.2 


Boron 


.p.m. 
(') 
(0 

0.04 

.06 

2.06 

2.35 

2.64 

2.64 

.52 

.40 

.79 

.81 

.33 

.92 


Milligram  equivalents 


CO3+ 
HCO3 


2.80 
2.45 
2.05 
3.55 
1.70 
1.50 
1.30 
1.35 
2.70 
2.20 
2.40 
2.25 
2.10 
2.35 


CI 


0.25 

.20 

.20 

.30 

1.45 

1.85 

1.95 

2.05 

.55 

.35 

1.00 

1.10 

.40 

.45 


SO4 


0.41 

.40 

.19 

1.10 

8.73 

9.42 

10.37 

10.24 

2.76 

.79 

4.22 

3.83 

.51 

1.81 


Ca 


1.94 
1.49 
1.20 
2.33 
1.95 
1.73 
1.30 
1.47 
2.05 
1.36 
2.00 
1.66 
1.32 
.45 


Mg 


0.45 
1.22 
.52 
.75 
.53 
.18 
.33 
.33 
.94 
.98 
1.16 
.48 
.26 
.26 


Alka- 
line 


1.07 
.34 

.72 

1.87 

9.40 

10.86 

11.99 

11.84 

3.02 

1.00 

4.46 

5.04 

1.43 

3.90 


1  Trace. 

The  waters  of  both  Waterman  Creek  and  East  Twin  Creek  are 
diverted  for  irrigation  below  where  the  hot  springs  discharge  into 
them.  The  boron  concentration  of  the  diverted  waters  depends 
upon  the  relative  proportions  of  surface  water  and  of  hot-spring  water 
at  the  time  of  sampling.  The  discharge  from  the  hot  springs  is  said  to 
be  fairly  constant  throughout  the  year,  while  the  surface  run-off  is 
greater  during  the  winter  and  spring.  The  two  samples  of  irrigation 
water,  Nos.  2438  and  2441,  were  taken  on  March  12,  1930,  while 
the  corresponding  samples,  Nos.  548  and  547,  were  taken  early  in 
January,  1929. 

Two  other  creeks  east  of  the  Arrowhead  area  have  their  deltas 
across  the  fault  zone.  These  are  Harrison  Creek  and  City  Creek. 
There  are  a  number  of  shallow  flowing  wells  at  the  apex  of  the  delta 
cone  of  Harrison  Creek.  A  sample  of  water  from  these  (No.  549) 
shows  some  boron  contamination.  A  number  of  samples  from  cold 
springs  adjacent  to  these  wells,  when  tested  qualitatively,  showed 
approximately  the  same  boron  content.  Water  from  a  deep  well  in 
the  delta  of  City  Creek,  northeast  of  Highland  (No.  2496)  contained 
0.92  p.  p.  m.  of  boron. 

The  conditions  along  the  line  of  the  San  Andreas  fault  in  the  vicinity 
of  San  Bernardino  appear  to  support  the  view  that  the  boron  found 
in  these  waters  comes  up  through  the  fractured  zone,  probably  as 
volatilized  boric  acid.  It  seems  probable  that  as  it  emanates  from 
its  deep  source  it  is  associated  with  other  gases,  including  steam  and 
hydrochloric  and  sulphuric  acids.  These  gases  at  high  temperature 
may  come  in  contact  with  percolating  water,  dissolve  in  it,  raise  its 
temperature,  and  react  with  its  mineral  constituents  to  form  salts. 
It  will  be  observed  in  Table  25  that  while  the  hot-spring  waters  con- 
tain more  boron,  chloride,  and  sulphate  than  the  waters  from  above, 
the  content  of  calcium  and  magnesium  is  substantially  the  same, 
while  the  content  of  bicarbonate  (HCO3)  is  somewhat  less.  For- 
tunately, the  quantity  of  boron-contaminated  water  in  the  Arrow- 
head area  is  not  large,  and  under  present  conditions  comparatively 
little  of  it  is  carried  into  the  general  drainage  of  the  Santa  Ana 
River. 
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LOCATIONS  LISTED  BY  LABORATORY  NUMBERS  IN  TABLE  25  AND  DATES  OF  SAMPLING 

No.  2437,  Waterman  Creek,  about  100  yards  above  Steam  Caves  Spring;  dis- 
charge 1.25  cubic  feet  per  second;   collected  March  12,  1930. 

No.  2439,  East  Twin  Creek,  alpout  300  yards  above  the  junction  of  Strawberry 
Creek  and  above  the  hot-spring  area;  discharge,  2  cubic  feet  per  second;  col- 
lected March  14,  1930. 

No.  2440,  Strawberry  Creek,  about  300  yards  above  its  junction  with  East 
Twin  Creek  and  above  the  hot-spring  area;  discharge,  3  cubic  feet  per  second; 
collected  March  14,  1930. 

No.  2442,  Arrowhead  cold-spring  water  from  pipe  line  leading  from  springs 
above  the  hot-spring  area;  collected  March  12,  1930. 

No.  2436,  Steam  Caves  Hot  Springs;  discharge,  0.02  cubic  foot  per  second; 
collected  March  12,  1930. 

No.  2443,  Arrowhead  Hotel  Hot  Spring;  discharge,  0.07  cubic  foot  per  second; 
collected  March  12,  1930. 

No.  2444,  Granite  Hot  Spring;  discharge,  0.06  cubic  foot  per  second;  col- 
lected March  12,  1930. 

No.  2445,  Penvugual  Hot  Spring;  discharge,  0.02  cubic  foot  per  second;  col- 
lected March  12,^^1930. 

No.  2438,  irrigation  water  from  Waterman  Creek,  below  the  hot  springs; 
collected  March  12,  1930. 

No.  2441,  irrigation  water  from  East  Twin  Creek,  below  the  hot  springs;  col- 
lected March  12,  1930. 

No.  547,  irrigation  water  from  Waterman  Creek,  below  the  hot  springs;  dis- 
charge, 1  cubic  foot  per  second;  collected  January  9,  1929. 

No.  548,  irrigation  water  from  East  Twin  Creek  below  the  hot  springs;  col- 
lected January  12,  1929. 

No.  549,  shallow  flowing  weUs  at  the  mouth  of  Harrison  Canyon;  discharge, 
0.2  cubic  foot  per  second;  collected  January  12,  1929. 

No.  2496,  deep  well  in  the  delta  of  City  Creek,  northeast  of  Highland,  used 
for  domestic  purposes;  depth,  308  feet;  discharge,  0.7  cubic  foot  per  second; 
collected  March  23,  1930. 

COLORADO   RIVER 

From  the  standpoint  of  the  extent  of  acreage  served,  the  Colorado 
River  is  the  most  important  source  of  irrigation  water  in  southern 
California.  In  view  of  this  fact  and  also  because  its  water  may  be 
carried  in  the  future  outside  of  its  basin  to  be  used  in  areas  where 
citrus  crops  are  extensively  grown,  it  has  seemed  desirable  to  make  a 
series  of  analyses  of  it  in  the  present  survey.  These  analyses,  which 
cover  a  period  of  12  months,  are  reported  in  detail  in  Table  26. 


Table  26. — Quality  of  the  water  of  the  Colorado  River  as  sampled  at  Yuma 

,  Ariz. 

Sam- 

Dis- 
charge 

KX105 
at25°C. 

Boron 

Milligram  equivalents 

Date 

CO3+ 
HCOj 

CI 

SO4 

Ca+Mg 

Alka- 
line 
bases 

1928 
Aug.  31 

157 
176 
187 
205 
223 

C.f.s. 
4,600 
4,460 
4,300 
2,530 
2,800 

129 
136 
170 
166 
152 

P.p.  m. 
0.34 
.15 
.18 
.33 
.17 

2.80 
2.90 
2.80 
3.30 
3.25 

3.21 
3. 95 
4.10 
6.00 
4.20 

7.38 
8.30 
11.68 
11.49 
10.20 

8.  55 
8.45 
11.35 
10.  55 
8.95 

4.84 

Sept.  6 

Sept.  13 

Sept.  20...- 

Sept.  27 

6.70 
7.23 
10.  24 
8.70 

Mean 

3,738 

151 

.23 

3.01 

4.29 

9.81 

9.57 

7.54 

248 
263 
293 
320 

Oct.  4 

Oct.  12 

2,620 
3,200 
3,380 
10,300 

161 
145 
186 
172 

'""".'21' 
.20 
.24 

3.45 
2.50 
3.30 
3.10 

4.50 
5.20 
4.80 
3.10 

9.66 
10.84 
11.93 
13.42 

8.80 

8.75 
8.40 
8.80 

8.81 
9.79 

Oct.  18 

11.63 

Oct.  25 

10.82 

Mean  

4,875 

166 

.22 

3.09 

4.40 

1L46 

8.69 

10.26 
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Table  26, — Quality  of  the  water  of  the  Colorado  River  as  sampled  at  Yuma,  Ariz.- 

Continued 


Sam- 
ple 
No. 

Dis- 
charge 

KX105 
at25°C. 

Boron 

Milligram  equivalents 

Date 

CO3+ 
HCO3 

CI 

SO4 

Ca+Mg 

Alka- 
line 
bases 

1928 
Nov.  1 

341 
385 
405 
430 
443 

C.f.s. 
7,080 

14,000 
6,400 
6,700 
6,200 

190 
166 
156 
167 
158 

P.  v.  m. 

.21 
,18 
.30 

'"',"24' 

1.55 
3.20 
3.15 
3.10 
3,40 

3.  55 
2.80 
3.40 
4.00 
3.60 

16,08 
11.94 

9.87 
11.17 

9.80 

8.80 
7.60 
7.50 
6.60 
6.80 

12  38 

Nov.  8 

Nov.  15 

8  92 

Nov,  23 

11  67 

Nov,  29 

10  00 

Mean 

8,076 

167 

,23 

2.88 

3.47 

11.77 

7,44 

10.68 

468 
485 
509 
514 

Dec.  6 

6,640 
6,000 
3,  300 
3,430 

157 
151 
161 
162 

,25 
,21 
,20 
,17 

3.60 
3.50 
4.30 
3.70 

3.96 
4.00 
4.65 
4.80 

9.55 
9.33 
9.72 
9.58 

6.75 

6.96 
6.  16        3.  34 
6.  44        3.  78 

10  35 

Dec.  13 

9  88 

Dec.  20 

9  17 

Dec.  27 

7  86 

Mean 

4,842 

158 

,21 

3,77 

4.35 

9.54 

8.35 

9  31 

532 
546 
571 
612 

1929 

Jan.  4 

Jan. 10  

1,900 
4,000 
3,  2.30 
5,000 

173 
182 
181 
180 

.25 
.29 
.27 
.24 

4,10 
4,00 
3.95 
4.20 

.6.40 
6.50 
5.40 
5.60 

10.18 
11.08 
10.90 
9.77 

6.41        3.48 
7.  72        4.  67 
6.  78        5.  66 
6.  31        6. 72 

9.  79 
9  19 

Jan. 17 

7  91 

Jan,  31 

7.54 

Mean .. 

3,532 

179 

.26 

4.06 

5.72 

10.48 

6.  80        4.  86 

8.61 

632 
648 
670 
686 

Feb  7 

4,460 
6,400 
3,850 
4,200 

180 
170 
154 
167 

.29 
.12 
.20 
.20 

3.95 
3.85 
3.55 
3.70 

5,60 
5.35 
4.40 
5,20 

9.11 
8.71 
8.64 

8.86 

6. 12        2.  90 
5.  25        4.  76 

5.  33        4.  88 

6.  62        4. 48 

9  64 

Feb.  14 

7,90 

Feb.  21 

6  38 

Feb.  28 

7,65 

Mean _  . 

4,727 

168 

.20 

3.76 

5.14 

8.83 

5.  58        4.  25 

7,89 

713 
735 
770 

788 

Mar,  7 

4,980 
11,  600 
16,000 
10,  500 

163 

168 
127 
109 

.30 
.20 
.19 
,28 

3.65 
3.60 
3.00 

2.75 

4.75 
4.96 
2,22 
1,98 

9,26 
9.19 
8.20 
7.04 

5.89        4.96 
6. 00        3.  81 
4.  60        3. 16 
4.29        3.33 

6  81 

Mar,  15 . 

Mar.  21 

7.93 
5.67 

Mar.  28 

4.15 

Mean 

10,  770 

142 

.24 

3.25 

3.47 

8.42 

5. 19        3.  81 

6  14 

821 
882 
900 
980 

Apr.  4 

10,000 
35,000 
16,  800 
32,000 

133 
118 
95 

88 

.19 
.06 
.15 
.33 

3.10 
2.90 
2.88 
2.50 

3,07 
2,89 
1.81 
1,70 

6.94 
6.07 
5.18 
4.70 

4.  50        4.  51 
3.  91        2.  39 
3.  52        2.  33 
3.41        1.40 

4. 10 

Apr,  11 

Apr,  19 

6.  .66 
4.02 

Apr,  28 

4.09 

Mean 

23,  450 

108 

.18 

2.84 

2.37 

5.72 

3.  83        2.  66 

4.44 

1012 
1077 
1094 
1121 
1201 

May  2 

May  10 

May  16 

May  23 

28,000 
27,  500 
43,900 
66,000 
71,  000 

70.3 
83,6 
68.0 
52.8 
50.5 

.19 
.13 
.17 
.06 
.22 

2.50 
.      2.57 
2.42 
2.28 
2.21 

1,14 

1,44 

,98 

,73 

.67 

3.62 
4.04 
2.90 
2.04 
1.41 

2.86        1.15 
3.18        2.06 
2.  62        1.  44 
2.  27        1.  25 
2.11          .99 

3.15 
2.82 
2.24 
1.63 

May  30 

1.19 

Mean.- - 

45,  280 

65.0 

.15 

2.40 

,99 

2.78 

2.  61        1.  38 

2.19 

1223 
1406 

June  6 

88,000 
72,000 

47.0 
41.5 

""'."O8' 

2.10 
1.82 

.72 
.66 

1.80 
1.60 

1.  14        1.  86 
1.  82        1. 15 

2.02 

.91 

Mean     ..     ..  . 

80,000 

44.2 

.08 

1.96 

.64 

1.65 

1.  48        1.  50 

1.46 

1457 
1477 
1524 
1581 

July  4 

55,400 
40,000 
25,000 
20,000 

41.6 
46.8 
60.7 
70.8 

,08 
,06 

.18 
0) 

1,80 
1.76 
1.99 
2.15 

.58 
.74 
1.80 
1.48 

1.71 
1.97 
3.09 
3.32 

1.  85          .  99 
1.96        1.13 
2.66        1.60 
2.84        1.60 

1.25 

July  11 

1.42 

July  18  . 

2.62 

July  25 

2.61 

Mean 

35,  100 

55.0 

,08 

1.92 

1.16 

2.52 

2.  33        1.  33 

1.95 

1643 
1658 
1713 
1733 
1773 

Aug.  2 

36,000 
46,000 
37,000 
20,000 

94.8 
154. 0 
137.0 
116,0 

95.0 

.13 
.19 
,16 
,10 
,12 

2.80 
2.65 
2.60 
2.55 
2.65 

2.00 
1,70 
1.46 
1.46 
1.80 

5.15 
13.27 
11.58 
8.33 
5.41 

3.  60        2. 12 
9. 17        4.  28 
7.  42        3.  63 

4.  68        1.  92 
3.97        1.92 

4,23 

Aug.  10 

Aug.  15 __ 

Aug.  22 

4,17 
4.48 
5,73 

Aug.  29 -. 

3.97 

Mean 

34,  750 

119,3 

,14 

2,63 

1.68 

8.75 

5.  77        2.  77 

4.52 

} 

1 

/--  — 

Mean  of  individ- 
ual observations. 

Mean  of  monthly 
means 

19,  054 
21,  595 

130,0 
126,8 

,19 
,19 

2,99 
2,96 

3.20 
3.14 

7,94 
7.64 

/             7.69 

\     4.90         2.86 

r             7.52 

\     4.  20         2.  82 

1  6.44 
}  6.  25 

Trace. 
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The  Colorado  River  has  a  large  drainage  area,  about  242,000 
square  miles,  but  much  of  this  is  arid  land  having  Httle  rainfall,  and 
that  of  irregidar  distribution,  so  that  a  large  part  of  the  total  run-off 
comes  from  the  melting  snows  from  the  liigh  mountains  of  the  upper 
part  of  the  basin.  Local  torrential  rains,  falling  now  in  one  part  of  the 
basin  and  now  in  another,  contribute  irregularly.  The  melting  of  the 
snow  causes  an  increase  in  the  discharge  of  the  river  during  May, 
June,  and  July.  Local  rains  may  cause  a  temporary  increase  or  ''flash 
flood"  at  any  time  of  the  year.  These  conditions  make  for  great  vari- 
ation, not  only  in  the  volume  of  the  discharge  throughout  the  year 
but  also  in  the  quantity  and  character  of  the  salts  in  the  water.  In 
general,  the  salt  content  varies  inversely  with  the  discharge.  That  is 
to  say,  the  salt  concentration  is  much  less  when  the  river  is  in  flood 
than  when  it  is  low.  This  is  due  to  the  fact  that  the  summer  flood 
waters  come  chiefly  direct  from  the  melting  snow.  The  flash  floods 
that  come  from  rains  faDing  on  the  desert  may  carry  a  large  proportion 
of  salt  dissolved  from  the  desert  soil.  Much  of  the  salt  carried  by  the 
river  at  its  low  stages  represents  the  drainage  from  irrigated  lands 
upstream,  together  with  return  flow  by  seepage  from  lowlands  adjacent 
to  the  river  that  are  overflowed  at  flood  times. 

The  detailed  values  in  Table  26  show  that  while  the  average  discharge 
of  the  river  at  Yuma  for  the  dates  sampled  was  19,054  c.  f.  s.,  the 
discharge  ranged  from  a  low  point  of  1,900  c.  f.  s.  on  January  4  to  a 
high  point  of  88,000  c.  f.  s.  on  June  6,  1929.  It  should  be  noted  in  tliis 
connection  that  the  discharge  values  apply  only  to  the  days  on  which 
the  water  samples  were  taken,  and  they  should  not  be  considered  as 
representing  the  full  range  of  variation  or  the  true  mean  discharge  for 
the  year.  The  results  given  as  the  means  of  the  individual  observations 
are  also  slightly  distorted  because  there  were  only  two  samples  taken 
in  June,  when  the  river  was  in  flood.  For  this  reason  it  is  believed  that 
the  means  of  the  monthly  means  give  a  truer  expression  of  the  salt 
conditions  of  the  river  for  the  year. 

The  total  salt  content  as  measured  by  electrical  conductance  ranges 
from  a  low  point  of  41.5  X  19"^  on  June  27  to  a  high  point  of  190  X  10"'' 
reciprocal  ohms  a  25°  C.  on  November  1.  The  mean  of  the  montlily 
means  is  126  X  10"^,  wliich  is  approximately  equivalent  to  840  p.  p.  m. 
of  total  dissolved  electrolytes. 

The  boron  content  is  relatively  low,  averaging  only  0.19  p.  p.  m. 
This  is  probably  below  the  limit  of  possible  danger  even  to  the  more 
sensitive  crop  plants  and  even  when  concentrated  in  the  soil  solution 
through  evaporation  losses.  The  proportion  of  other  salts  in  this 
water  is  such  that  if  concentration  were  to  increase  to  a  point  at  which 
boron  became  injurious,  then  there  would  probably  be  even  greater 
injury  from  the  other  salts. 

It  should  be  remarked  that  in  the  water  of  the  Colorado  River  the 
ratio  of  chlorides  to  sulphates  is  as  0.4  to  1.0,  which  is  a  much  lower 
ratio  than  that  wliich  characterizes  the  waters  of  some  of  the  more 
important  irrigation  supplies  of  Arizona  and  southern  California. 

MISCELLANEOUS  WATERS 

In  addition  to  the  analyses  reported  in  the  preceding  tables  a  num- 
ber of  samples  of  water  from  various  sources  in  southern  California  and 
Arizona  have  been  analyzed,  and  are  reported  in  Table  27.  The  areas 
represented  are:  (1)  Rivei-side,  Calif.,  and  vicinity;  (2)  southern  Orange 
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County,  Calif.;  (3)  the  Salton  Sink  area,  Calif.;  and  (4)  the  Salt  Kiver 
Valley,  Ariz. 

Table  27. — Quality  of  miscellaneous  water  samples  collected  in  southern  California 

and  in  Arizona 

RIVERSIDE,   CALIF.,  AND   VICINITY 


Location  No. 


Labora- 
tory- 
No. 


Sam- 
ples 


KX10» 

25°  O. 


Boron 


Milligram  equivalents 


CO3+ 
HCO3 


CI 


SO4 


Ca+ 
Mg 


Alka- 
line 


Number 


1 

650 

2.. 

407 

i 

408 

4 

375 

5 

376 

«. .  . 

649 

7-.- 

1,199 

8 

479 

10. 

43.5 
44.6 
35.5 
53.0 
354.0 
54.0 
13.8 
59. 5 
46.7 
65.3 


p.  m. 

0.36 
.19 
.19 
.80 

1.44 
.10 
.26 
.54 
.19 
.15 


2.40 

3.20 

2.50 

.60 

9.10 

1.95 

.65 

.90 

3.25 

4.12 


1.10 
.40 
.35 

2.05 
17.25 

2.10 
.15 

2.85 
.38 

1.50 


0.71 

.83 

.65 

1.50 

3.59 


L62 

2.15 

2.25 

.05 

.10 

2.09 

.55 

3.  51 
3.60 


2.59 
2.33 
1.30 
4.15 
29.84 
2.64 
.25 
5.65 
1.03 
2.72 


SOUTHERN  ORANGE   COUNTY,   CALIF. 


1,000 
1, 015 


110.6 
78.6 
97.0 

133.0 
88.3 
63.8 

166.6 

235.6 


0.55 
.61 
.99 
.52 
.75 
.41 
.47 
.71 


3.61 
3.82 
3.72 
3.72 
3.49 
3.08 
5.44 
4.96 


4.36 
3.52 
5.32 
8.11 
4.67 
2.59 
6.50 
10.65 


2.76 
.10 
.20 
.77 
.28 
.44 
3.07 
5.46 


7.95 
.42 
.43 

2.75 
.26 
.15 

8.39 
11.29 


2.78 
7.02 
8.81 
9.85 
8.18 
5.96 
6.62 
9.78 


SALTON  SINK  AREA,  CALIF. 


19 
20 
21 
22 
23 


452 

40.3 

0.20 

1.85 

0.95 

1.00 

0.10 

591 

810.0 

1.88 

4.35 

65. 00 

11.96 

21.45 

592 

220.0 

2.34 

10.90 

8.25 

2.61 

.85 

593 

369.0 

3.86 

4.  85 

27.90 

2.69 

1.36 

2,386 

454.  0 

3.48 

16.00 

26.40 

2.46 

2.12 

1 

3.70 
59.86 
20.91 
34.08 
42.74 


SALT  RIVER  VALLEY,  ARIZ. 


24 
25 
26 
27 


737 

1 

178.0 

0.33 

3.55 

7.65 

7.02 

8.65 

738 

28.9 

.13 

2.15 

.35 

.49 

2.51 

739 

1 

142.0 

.44 

4.15 

6.55 

2.54 

8.34 

740 

1 

149.5 

.35 

2.95 

8.20 

2.44 

5.89 

9.67 

.48 

4.90 

7.70 


1  Trace. 

Of  the  samples  from  the  Riverside  area,  only  three  show  high 
boron  content.  The  water  of  Lake  Elsinore  (location  5)  has  long  been 
known  to  be  unsuited  for  irrigation  use.  Not  only  is  its  boron  con- 
tent high,  1.44  p.  p.  m.,  but  its  total  salt  content  is  high  and  the 
water  is  alkaline  and  very  soft,  that  is,  it  has  a  very  low  proportion 
of  calcium  and  magnesium.  The  water  supply  of  Elsinore  city  (loca- 
tion 4)  is  drawn  from  wells  not  far  from  the  lake  shore.  While  the 
total  salt  content  is  low,  the  boron  content  is  relatively  high,  and 
this  water  also  is  very  soft.  The  well  at  location  6,  south  of  Lake 
Elsinore,  is  used  for  irrigation.  Its  salt  content  is  approximately 
the  same  as  that  of  the  Elsinore  city  supply,  but  the  boron  content 
is  low,  and  the  calcium-magnesium  content  is  much  higher.      Beulah 
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Spring  (location  8)  is  south  of  Riverside.  It  is  a  small  spring  and 
is  of  interest  chiefly  in  that  its  overflow  has  been  used  on  part  of 
a  near-by  walnut  orchard  and  that  the  trees  on  which  it  has  been  used 
have  shown  definite  symptoms  of  boron  injury. 

The  last  two  waters  of  the  group  (locations  9  and  10)  represent 
Warm  Creek  near  San  Bernardino,  above  and  below  the  outfall  of  the 
sewage  plant.  It  might  be  expected  that  city  sewage  water  would 
contribute  appreciable  quantities  of  boron,  resulting  from  the  domes- 
tic use  of  borax  washing  powders,  but  these  results  indicate  that  such 
contamination  is  very  slight. 

The  irrigation  wells  in  southern  Orange  County  (locations  11  to  18) 
were  sampled  after  a  preliminary  survey  had  shown  evidence  of  some 
boron  injury  in  citrus  and  walnut  trees  in  this  area.  This  preliminary 
survey  indicated  that  while  most  of  the  wells  in  the  area  were  giving 
water  of  low  boron  content,  a  few  of  them  were  causing  trouble. 
The  evidence  of  injury  was  not  definite  except  for  locations  13  and  15, 
because  some  of  these  wells  were  used  to  irrigate  crops  less  sensitive 
to  boron  injury  than  citrus  and  walnut,  and  in  other  cases  the  waters 
of  several  wells  were  blended  and  the  boron  content  of  the  mixture 
was  below  the  critical  concentration  for  citrus. 

Of  the  samples  from  the  Sal  ton  Sink  area,  one  (location  19)  is  from  an 
irrigation  well  north  of  Sal  ton  Sea  in  the  lower  end  of  the  Coachella 
VaUey.  Some  of  the  grapefruit  on  which  this  water  was  used  showed 
sjrmptoms  of  boron  injury,  confirmed  by  leaf  analysis;  but,  as  other 
trees  in  the  grove  were  not  injured,  it  is  assumed  that  the  boron 
occurred  in  spots  in  the  soil.  The  other  four  samples  in  this  group 
(from  locations  20  to  23)  are  from  artesian  wells  in  the  vicinity  of  Holt- 
ville,  south  of  Salton  Sea.  These  waters  are  not  used  for  irrigation. 
The  irrigation  supply  of  the  Imperial  Valley  is  drawn  from  the  Colorado 
River,  of  which  the  boron  content  is  low  (Table  26),  and  no  definite 
evidence  of  boron  injury  has  been  seen  in  the  valley.  AU  artesian 
wells  are  in  an  area  on  the  east  side  of  the  valley  from  Holtville  north. 
In  addition  to  the  wells  here  reported,  10  others  have  been  tested 
qualitatively  for  boron  with  positive  results.  It  seems  probable  that 
all  the  deep  water  in  this  artesian  belt  is  contaminated  with  boron 
from  some  subterranean  source.  The  weUs  at  locations  20,  21,  and  22 
are  in  the  city  of  Holtville.  No.  20  is  363  feet  deep  and  contains  1.88 
p.  p.  m.  of  boron.  No.  21  is  located  only  a  few  feet  from  No.  20,  but 
is  811  feet  deep  and  contains  2.34  p.  p.  m.  of  boron.  No.  22  is  about 
one-fourth  mile  from  the  first  two  weUs  and  is  1,100  feet  deep  and 
contains  3.86  p.  p.  m.  of  boron.  The  waters  from  the  deeper  weUs  are 
very  soft,  while  that  of  the  first  well  is  not  only  more  salty  but  also 
contains  so  much  calcium  and  magnesium  as  to  indicate  the  possi- 
bility of  the  influence  of  deep  percolation  from  the  surrounding  irri- 
gated land.     Location  23  is  about  5  miles  north  of  Holtville. 

The  four  samples  from  the  Salt  River  Valley  in  Arizona  (locations 
24  to  27)  do  not  include  a  representation  of  Salt  River  water  as  stored 
in  the  Roosevelt  Reservoir  and  used  chiefly  on  the  Salt  River  project. 
No.  24  is  water  of  the  Gila  River  as  diverted  from  that  stream  above 
Florence,  Ariz.,  No.  25,  although  taken  from  one  of  the  canals  of  the 
Salt  River  project,  represents  flood  water  of  the  Verde  River  follow- 
ing a  local  torrential  rain.  No.  26  represents  an  irrigation  supply 
obtained  chiefly  by  pumping  from  that  part  of  the  Salt  River  project 
west  of  Phoenix,  Ariz.     No.  27  is  from  the  Gila  River  at  Gillespie 
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Dam  below  the  Salt,  River  project  and  re|)resents  |)artly  return  flow 
from  the  irrigated  lands  above  this  point  and  partly  surface  run-oflF 
from  the  Verde  flood  just  mentioned.  It  should  be  noted  that  no 
definite  evidences  of  boron  injury  have  been  observed  in  the  Salt 
River  Valley. 

LOCATIONS    LISTED    IN    TABLE    27    AND    DATES    OF    SAMPLING 

1.  Riverside  city  water;  February  17,  1929. 

2.  Riverside  Canal,  irrigation  water;  November  19,  1928. 

3.  Gage  Canal,  irrigation  water;  November  19,  1928. 

4.  Elsinore  city  water;  November  4,  1928. 

5.  Lake  Elsinore;  November  4,  1928. 

6.  Irrigation  well  south  of  Lake  Elsinore;  February  13,  1929. 

7.  Irrigation  water,  Hemet  Lake;  May  25,  1929. 

8.  Beulah  Spring  water,  south  of  Riverside;  December  5,  1929. 

9.  Warm  Creek,  near  San  Bernardino,  above  the  sewage  outfall;  January  and 
February,  1929. 

10.  "Warm  Creek,  near  San  Bernardino,  below  the  sewage  outfall;  January  and 
February,  1929. 

11.  Irrigation  well.  Browning  ranch,  Tustin;  April  24,  1929. 

12.  Irrigation  well;  Townsend  ranch,  Costa  Mesa;  May  3,  1929. 

13.  Irrigation  well,  Irvine  ranch  No.  10,  Tustin;  May  to  July,  1929. 

14.  Irrigation  well,  Irvine  ranch,  No.  11,  Tustin;  May  to  July,  1929. 

15.  Irrigation  well,  Irvine  ranch.  No.  25,  Tustin;  May  to  July,  1929. 

16.  Irrigation  well,  Irvine  ranch.  No.  44,  Tustin;  May  to  July,  1929. 

17.  Irrigation  well,  Irvine  ranch.  No.  46,  Tustin;  May  to  July,  1929. 

18.  Irrigation  well,  Irvine  ranch,  No.  65,  Tustin;  May  to  July,  1929. 

19.  Irrigation  well,.  Slater  ranch.  Oasis;  November  30,  1928. 

20.  Artesian  well,  Holtville  Natatorium;  363  feet  deep;  January  23,  1929. 

21.  Artesian  well,  Holtville  Natatorium;  811  feet  deep;  Januarv  23,  1929. 

22.  Artesian  well,  Holtville  Ice  Co.;  1,100  feet  deep;  January  23,  1929. 

23.  Artesian  well,  Robinson  ranch;  620  feet  deep;  February  26,  1930. 

24.  Gila  River  water,  from  an  irrigation  canal  near  Florence,  Ariz.;  March  13, 
1929. 

25.  Verde  River,  flood  water,  from  an  irrigation  canal  near  Phoenix,  Ariz.; 
March  13,  1929. 

26.  Irrigation  water,  Roosevelt  irrigation  district  canal  near  Litchfield  Park, 
Ariz.;  March  14,  1929. 

27.  Gila  River,  at  Gillespie  Dam,  near  Gila  Bend,  Ariz.;  March  14,  1929. 

SUMMARY 

It  has  been  demonstrated  that  boron  as  a  natural  constituent  of 
the  salts  of  irrigation  water  is  the  cause  of  injury  to  crops  in  certain 
areas  in  southern  California.  While  the  aggregate  of  the  areas 
involved  is  not  large,  the  injury  in  some  of  them  is  serious.  This 
bulletin  deals  v^ith  boron  conditions  in  southern  California,  but  it 
has  been  found  that  similar  troubles  occur  also  in  the  San  Joaquin 
and  Sacramento  Valleys  and  in  western  Nevada. 

The  effect  of  boron  injury  is  manifested  in  citrus  and  walnut  trees 
by  characteristic  discolorations  of  the  leaf  tissue  and  by  the  excessive 
accumulation  of  boron  in  the  leaves.  Somewhat  similar  but  often 
less  definite  symptoms  develop  in  other  species. 

With  only  one  or  two  exceptions,  it  has  been  found  that  boron 
injury  in  southern  California  is  the  result  of  the  use  of  irrigation  water 
containing  borate  salts. 

The  boron  that  occurs  in  injurious  concentrations  in  irrigation 
water  may  be  derived  either  from  the  solution  of  exposed  outcrops 
of  soluble  boron  minerals,  from  subterranean  deposits  of  such  minerals 
in  contact  with  underground  waters,  or  directly  from  volcanic  gases 
dissolved  in  percolating  waters. 
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It  has  been  found  that  if  the  boron  content  of  irrigation  water  is 
more  than  0.5  p.  p.  m.  its  use  may  cause  injury  to  such  crops  as 
lemons  or  walnuts,  although  under  certain  conditions,  with  concen- 
trations ranging  up  to  1  p.  p.  m.,  the  injury  may  not  be  very  serious. 
If  the  boron  content  is  more  than  1  p.  p.  m.,  injury  to  the  more  sen- 
sitive crops  is  likely  to  result. 

The  severity  of  crop  injury  resulting  from  boron  may  be  influenced 
by  local  soil  conditions,  by  climatic  conditions,  by  the  method  or 
quantity  of  irrigation,  or  by  the  program  of  fertilization. 

In  some  situations  it  is  possible  to  segregate  from  an  irrigation 
supply  the  chief  source  of  boron  contamination.  It  may  also  be 
possible  to  blend  a  contaminated  supply  with  a  larger  quantity  of 
water  from  other  sources  and  thus  reduce  the  concentration  to  a 
point  below  the  danger  limit. 

There  are  pronounced  differences  among  crop  plants  with  respect  to 
boron  tolerance.  When  the  basic  facts  as  to  these  differences  have 
been  ascertained,  it  may  be  possible  to  utilize  for  certain  groups  of 
crops  waters  that  would  be  injurious  to  more  sensitive  crops. 

Boron  occurs  in  plants  probably  as  a  normal  constituent.  It  has 
been  found  in  small  but  measurable  quantities  in  a  wide  variety  of 
plants  not  only  in  California  but  elsewhere  in  the  United  States  and 
in  Europe. 

In  many  plants  the  boron  appears  to  accumulate  in  the  leaves 
rather  than  in  the  stems  or  fruit.  The  normal  mature  leaves  of 
citrus  or  walnut  trees  may  contain  as  much  as  100  p.  p.  m.  of  boron, 
based  on  the  dry  weight  of  the  leaf  material.  Leaves  of  the  same 
species,  injured  by  boron,  frequently  contain  more  than  1,000  p.  p. 
m.  The  boron  accumulates  gradually,  reaching  its  maximum  as  the 
leaves  mature. 

The  samples  of  water  collected  for  boron  determination  were  also 
analyzed  for  the  other  ions  or  elements  commonly  reported  for 
irrigation  waters,  and  the  conductance,  as  a  measure  of  total  salinity, 
was  determined. 

A  survey  of  the  surface  w^aters  of  the  Santa  Clara  Valley  shows 
that  most  of  the  boron  carried  in  Santa  Clara  River  is  derived  from 
Piru  and  Sespe  Creeks. 

The  imdergroimd  waters  of  the  Santa  Clara  Valley  as  developed 
by  irrigation  wells  show  that  boron  contamination  is  localized  and  is 
derived  from  percolation  from  Piru  and  Sespe  Creeks. 

In  connection  with  the  drilling  of  two  irrigation  weUs  in  the  Santa 
Clara  Valley,  analyses  were  made  of  the  successive  horizons  of  under- 
ground water,  and  it  was  found  that  while  these  differed  slightly  in 
quality  the  differences  were  not  pronounced. 

A  detailed  study  was  made  of  the  water  discharged  by  Sespe  Creek 
in  one  year.  This  shows  that  the  concentration  of  boron  is  not  con- 
stant but  varies  inversely  with  the  volume  of  discharge.  A  survey 
of  the  stream  throughout  its  course  showed  that  the  boron  is  con- 
tributed chiefly  from  two  gi'oups  of  hot  springs  that  discharge  into 
the  creek. 

A  similar  detailed  study  of  Piru  Creek  showed  that  its  water  has  a 
higher  salinity  but  a  lower  boron  content  than  that  of  Sespe  Creek. 
It  is  also  somewhat  less  variable  in  quality.  The  survey  of  the  upper 
stream  of  Piru  Creek  showed  that  the  boron  is  derived  largely  from 
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Lockwood  Valley,  in  which  there  are  outcrops  of  colemanite,  a  boron 
mineral. 

The  waters  of  Ojai  Valley  contain  very  little  boron,  and  the  boron 
content  of  Ventura  River  appears  to  be  below  the  critical  concentra- 
tion.i  There  is  no  evidence  of  boron  injury  in  these  valleys,  which 
lie  northwest  of  the  Santa  Clara  Valley. 

The  waters  of  Parida  Creek  near  Carpinteria  are  contaminated 
with  boron  by  a  spring  located  near  an  earthquake  fault.  This  con- 
tamination of  the  irrigation  water  has  resulted  in  severe  local  injury 
to  citrus  and  walnut  trees. 

In  the  Simi  Valley,  south  of  the  Santa  Clara  Valley,  there  is  some 
evidence  of  boron  injury,  chiefly  to  walnut  trees.  A  survey  of  the 
irrigation  wells  of  that  valley  showed  that  some  of  them  yield  water 
containing  critical  concentrations  of  boron. 

The  Los  Angeles  Aqueduct  carries  water  from  Owens  River  to  the 
San  Fernando  Valley,  where  it  is  used  partly  for  irrigation  but  chiefly 
as  a  municipal  water  supply.  There  is  some  evidence  of  boron  in- 
jury in  citrus  and  walnut  groves  in  the  San  Fernando  Valley,  appar- 
ently resulting  from  the  use  of  aqueduct  water. 

A  survey  of  the  tributaries  of  Owens  River  above  the  aqueduct 
heading  showed  that  one  artesian  well  near  the  heading  and  one 
stream  in  Long  Valley  were  contributing  most  of  the  boron  found  in 
the  aqueduct  supply. 

A  detailed  study  of  the  waters  of  the  Los  Angeles  Aqueduct  carried 
on  for  a  year  shows  that  the  average  boron  content  is  0.68  p.  p.  m. 
and  that  there  is  not  much  seasonal  variation  in  the  quahty  of  the 
water  as  delivered  at  San  Fernando. 

Conditions  in  the  San  Fernando  Valley  indicate  that  there  is  less 
danger  of  boron  injury  from  the  use  of  local  underground  water  for 
irrigation  than  from  the  use  of  aqueduct  water.  Analyses  of  these 
underground  waters  show  that  their  boron  content  is  much  less  than 
that  of  the  aqueduct  water. 

Certain  hot  springs  located  near  the  San  Andreas  fault  near  San 
Bernardino  contribute  boron  to  creeks  flowing  across  the  fault  zone. 
Where  these  contaminated  creek  waters  are  used  for  irrigation, 
injury  has  resulted  to  citrus  trees,  and  to  certain  other  crops. 

The  Colorado  River,  as  sampled  at  Yuma  each  week  for  a  year, 
shows  a  marked  seasonal  variation  in  total  salts,  but  the  boron  con- 
tent is  low,  averaging  0.19  p.  p.  m. 

A  series  of  samples  of  irrigation  waters  from  several  other  areas 
in  southern  California  and  in  Arizona  show  that  boron  contamination 
occurs  to  a  limited  extent  in  a  number  of  places,  but  in  none  of  those 
listed  is  it  a  matter  of  serious  economic  concern. 
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INTRODUCTION 

The  modern  electrified  movable  bridge  involves  three  elements 
which  are  more  or  less  separate  and  distinct.  These  are  (1)  the 
structural  design  proper,  comprising  the  moving  leaves,  the  approach 
spans,  and  the  substructure  and  foundations;  (2)  the  mechanical 
assembly,  comprising  the  various  gear  trains,  shafting,  and  other 
machinery  for  transmitting  power  to  the  span,  and  to  the  various 
lifts  and  latching  devices,  and  all  other  necessary  equipment,  and 
(3)  the  electrical  assembly,  comprising  motors  supplying  power,  and 
all  electrical  and  mechanical  equipment  necessary  for  power  regu- 
lation, speed  control  and  the  correct  interlocking  or  sequence  of 
operations. 

The  structural  design  of  movable  bridges  is  treated  in  considerable 
detail  in  many  of  the  current  standard  texts  on  structural  analysis. 
The  design  of  machinery  for  movable  spans  has  also  received  con- 
siderable attention  in  the  engineering  literature  of  the  last  few  years. 
However,  very  little  data  pertinent  to  the  selection  of  the  electrical 
assembly  have  been  published. 

In  discussing  this  question  with  various  bridge  engineers,  three 
distinct  reactions  have  been  encountered.  One  group  of  engineers 
appears  to  have  dismissed  the  subject  as  comparatively  unimpor- 
tant— simply  a  matter  of  selection  of  standard  equipment  from  the 
manufacturer's  catalogue.  The  second  group  regards  the  question 
as  purely  the  province  of  the  electrical  expert,  preferring  to  refer 
this  portion  of  the  design  to  an  outside  electrical  consultant,  specify- 
ing only  basic  requirements  in  their  broadest  terms.  The  third 
group,  which  is  fast  coming  to  represent  the  majority,  feels  that  the 
bridge  engineer  has  not  given  sufficient  attention  to  this  phase  of 
design.  This  group  believes  that  a  short  publication  covering  the 
fundamentals  of  movable  bridge  electrification  would  constitute  a 
valuable  addition  to  the  literature  on  this  type  of  structure. 

This  bulletin  is  intended  to  present  in  somewhat  condensed  form 
a  treatment  of  those  fundamental  principles  which  must  be  applied 
in  making  a  selection  of  an  assembly  of  electrical  apparatus  for 
bridges. 

Consider  the  nature  of  the  problem — ^the  highway  traffic  is  com- 
posed in  large  part  of  fast-moving  vehicles  with  all  £inds  of  drivers, 
many  of  whom  are  inclined  to  neglect  the  most  common  safety  pre- 
cautions. This  highway  traffic  is  opposed  to  the  water  traffic  under- 
neath— a  bulky  and  unwieldy  movement  with  tremendous  kinetic 
energy  even  at  slight  speeds,  and  subject  to  deviation  from  its  correct 
path  as  a  result  of  floods,  fog,  wind,  and  cross  currents. 

Where  a  movable  bridge  is  necessary  these  traffic  streams  should 
be  safeguarded  by  the  installation  of  a  power  plant  capable  of  swift 
and  sure  acceleration,  and  a  system  of  control  and  interlocking  which 
is  certain,  flexible,  and  dependable.  Many  accidents  might  have 
been  avoided  had  the  power  plant  met  the  above  specification. 

A  boat  approaching  on  a  freshet  stage  and  at  a  sufficient  speed 
to  avoid  losing  steerage  way — a  bridge  to  be  cleared  of  vehicuhir 
traffic  before  the  gates  can  be  closed,  an  anxious  operator  watching 
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both  traffic  ways,  timing  his  operations  hj  split  seconds,  and  then 
a  hoisting  motor  that  will  not  develop  the  necessary  rapid  accelera- 
tion, or  a  center  lock  or  wedge  motor  stalled,  or  a  roadway  gate 
fouled  because  of  faulty  interlocking  details.  This  is  a  situation 
which  is  of  frequent  occurrence. 

A  majority  of  the  movable  bridges  in  this  country  use  electric 
power,  and  bridge  engineers  have  been  guided  by  the  manufacturers 
in  the  selection  of  major  power  units  and  have  placed  almost  entire 
dependence  upon  them  in  the  selection  of  control  and  interlocking 
devices.  The  large  electrical  firms  have  done  a  great  deal  to  develop 
control  apparatus,  and  the  engineer  must  be  guided  by  the  limita- 
tions of  commercial  manufacture.  He  can  not,  with  due  regard  for 
economy,  insist  upon  the  production  of  special  equipment  except  in 
a  few  special  instances,  but  he  can  apply  an  intelligent  luiderstand- 
ing  of  fundamental  principles,  and  in  the  case  of  wiring  and  assem- 
bly, he  can  produce  a  specialized  arrangement  of  standard  products 
to  fit  his  particular  needs. 

Many  movable  bridges  are  incorrectly  wired.  Either  the  inter- 
locking is  inadequate  or  the  equipment  used  is  lacking  in  flexibility 
or  is  not  sufficiently  positive  in  action,  causing  uncertainty  in  opera- 
tion or  high  maintenance  expense.  Much  of  this  trouble  may  be 
eliminated  by  a  study  of  each  individual  problem,  and  by  the  appli- 
cation of  those  fundamental  principles  which  form  the  subject  matter 
to  be  discussed  in  this  bulletin. 

It  should  be  pointed  out  that  this  bulletin  is  not  a  treatise  on  in- 
dustrial power  design  and  control.  It  does  not  encroach  upon  the 
field  of  electrical  engineering  literature  and  does  not  go  into  lengthy 
discussions  or  derivations.  It  is  simply  a  condensed  statement  of 
fundamental  principles  written  for  the  bridge  engineer  and,  for 
the  most  part,  is  based  on  the  personal  experience  of  bridge  engineers, 
and  if  some  of  the  electrical  principles  stated  appear  self-evident 
or  elementarv  this  fact  should  be  borne  in  mind. 


ELECTRIC  MOTORS 
TYPES  OF  ELECTRIC  MOTORS 

Electric  motors  are  used  on  movable  bridges  for  the  following  pur- 
poses :  For  hoisting  or  swinging  the  leaves ;  for  operating  end  and 
center  wedges  or  other  lifting  devices;  for  operating  locks  or  latches: 
for  operating  traffic  gates  and  barriers ;  and  for  other  auxiliary  serv- 
ice such  as  the  operation  of  counterweight  pit  pumps. 

In  general,  motors  may  be  grouped  into  the  following  major 
classes :  Shunt- wound  direct-current  motors,  series- wound  direct-cur- 
rent motor,  compound,  wound  direct-current  motors,  synchronous 
alternating-current  motors,  polyphase  induction  motors  (alternating 
current)  of  (1)  wound  rotor  type,  and  (2)  squirrel  cage  type,  and 
single-phase  alternating-current  motors. 

The  three  types  of  direct -current  motors  and  the  polyphase  induc- 
tion motors  are  most  generally  used  as  power  units  and  will  be  dis- 
cussed in  the  following  pages.  Single-phase  alternating-current 
motors  are  sometimes  used  to  operate  roadway  gates  and  like  equip- 
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ment  but  the  bridge  engineer  is  jiot  particularly  interested  in  their 
operating  characteristics. 

DIRECT-CURRENT  MOTORS 

FUNDAMENTALS    OF   DIRECT-CURRENT   MOTOR    OPERATION 

The  following  brief  discussion  of  fundamentals  is  presented  as  a 
basis  for  the  discussion  of  control  systems. 

Figure  1  illustrates  the  primary  elements  of  a  direct-current  motor 
which  are  a  revolving  armature  consisting  of  an  iron  core  wound  w^ith 
Avires  carrying  a  current,  /,  and  a  system  of  field  magnets  which  pro' 
duces  a  magnetic  flux,  <^,  passing  through  the  armature  and  which  is 
cut  by  the  armature  wires  when  the  armature  rotates. 

When  the  switch  (fig.  1),  is  closed,  the  applied  voltage,  E^  forces 
a  current  through  the  armature  winding  which  produces  in  it  a  ten- 
dency to  rotate,  since  any  wire  carrying  current  and  lying  in  a  mag- 
netic field  is  acted  upon  by  a  force  tending  to  move  the  wire  at  right 

angles  to  both  flux  and  current. 

The  torque  or  rotation  tendency 
is  proportional  to  the  product  of 
flux  and  current  or. 

Torque =/<^  X  a  constant (1) 

The  rotation  of  the  armature 
wires  which  move  through  the  mag- 
netic field  induces  another  electri- 
cal pressure  opposite  in  direction  to 
the  line  voltage,  E.  In  other  words, 
the  motor  in  motion  acts  also  as 
a  generator  inducing  its  own  volt- 
age, E\  The  value  of  this  back  pressure  or  counter  voltage  increases 
with  the  speed  of  the  motor. 

The  difference  between  the  applied  voltage  and  the  back  voltage 
at  any  instant  constitutes  the  effective  electrical  pressure,  which 
forces  the  current,  /  through  the  armature  resistance,  i?,  that  is: 

E-E'=RI 


SWITCH-^  . 

^^  POWER  MAIN 

u 


VARIABLE    RESISTANCE    R 


ARMATURE 


CURRENT,^ 


Figure  1. — Primary  elements  of  a  direct- 
current  motor 


From  the  fundamental  law  of  direct-current  generators  this  back 
pressure  must  be  proportional  both  to  the  speed  and  to  the  magnetic 
field,  that  is : 


or 


^''  =  r.p.m.  X(/>Xa  constant, 

E.p.m.  =  -7-Xa  constant^ — Xa  constant (2) 

The  above  equations  serve  to  explain  all  of  the  operating  charac- 
teristics of  direct-current  motors. 

LOAD  CHARACTERISTICS   OF  DIRECT-CURRENT   MOTORS 

The  magnetic  flux,  <f>,  is  produced  by  energizing  or  exciting  the 
field  magnets  by  means  of  a  wire  wound  about  them  and  carrying 
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cilrtellt*    The  flux,  c/>,  is  proportional  to  the  exciting  current,  z,  and 
to  the  number  of  turns,  n^  in  the  winding.    That  is : 

</) = ni  X  a  constant 

When  the  field  winding  is  connected  across  the  line,  as  shown  in 
Figure  2,  the  motor  is  said  to  be  shunt  wound.  When  the  field  wind- 
ing is  in  series  with  the  armature  current,  as  shown  in  Figure  3,  the 
motor  is  series  wound. 


ARMATURE  CURRENT,^ 


ARMATURE 


FLUX  0=  [72-^  X   A  constant] 

Figure  2. — Elements  of  a  shunt  motor 


\_^   =71  ZX  A  CONSTANT  ] 

Figure  3. — Elements  of  a  series  motor 


The  armature  resistance,  i?,  in  any  motor  is  very  small,  so  that 
the  term,  Rl^  is  always  small  and  the  term,  E—Rl^  is  nearly  constant. 
Equations  1  and  2  may  be  written  (for  constant  line  voltage  £"),  as 
follows : 

Torque  =  //X  a  constant, 

^              a  constant  ,  •      .   x 

K.p.m.= -' (approximate). 


In  the  shunt-wound  motor  of  Figure  2,  the  exciting  current,  «',  is 
constant  with  constant  line  voltage  whence,  for  the  shunt  motor, 

Torque=/Xa  constant, 

R.p.m.  =  a  constant  (approximate). 

For  the  series  motor  (fig.  3)  /=/,  whence, 

Torque =PX  a  constant, 

^              a  constant    ,  -      .  ^ 

K.p.m.= J— —   (approximate). 

Therefore,  for  constant  line  volt- 
age, the  shunt  motor  is  practically 
a  constant-speed  motor  producing 
a  torque  that  varies  directly  as  the 
armature  current. 

Under  like  conditions  the  series 
motor  produces  a  torque  that  theo- 
retically varies  as  the  square  of  the  p^ux  $  =  [n/  x  a  constant  +  n'i  x  a  constant] 

armature    current    at    a    speed    that   figure   4.— Elements  of  a  compound  motor 

varies  inversely  as  that  current. 

The  compound  motor  (fig.  4)  is  a  compromise  between  the  above 
types,  obtained  by  using  part  shunt  and  part  series  windings,  and  its 
load  characteristics  obviously  lie  between  those  of  the  shunt  and 
series-wound  types. 
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Typical  characteristic  curves  for  the  above  types  of  direct-cur- 
rent motors  are  given  in  Figures  5  and  6. 

SPEED  CONTROL  OF  DIRECT-CURRENT  MOTORS 

In  movable-bridge  operation  it  is  highly  desirable  that  some 
method  be  used  for  controlling  and  varying  the  speed  of  the  motors. 
This  is  especially   true   for   double-leaf  bascule   spans    where   the 


ARMATURE  CURRENT 


Figure  5. — Typical  torque-current  curves 
for  direct-current  motors  having  the 
same  full-load  horsepower  and  speed 
rating 


shunt  motor-^ 
"horizontal-J 


0  ARMATURE  CURRENT — - 

Figure  6. — Typical  speed-current  curves 
for  direct-current  motors  having  the 
same  speed  rating  at  full  load 


operator  will  often  desire  to  speed  up  or  retard  one  of  the  leaves 
without  resorting  to  coasting  or  the  application  of  brakes. 

Equation  2  is,   r.p.m.  = — -—  X    a  constant,  and  therefore  the 

speed  of  a  shunt  motor  may  be  varied  by  varying  either  E  or  (^. 
Eef erring  to  Figure  7,  E=Eo—R'I^  and  by  varying  the  resistance 
R\  the  effective  terminal  voltage,  E^  is  varied  and  consequently  the 
speed.  By  varying  the  resistance,  R'\  the  field  coil  current,  ^,  is 
varied,  which  in  turn  varies  the  flux,  </>,  proportionately,  and  the 
speed  inversely. 

Resistance  inserted  in  a  shunt 
field  winding  circuit  causes  the 
speed  to  increase,  resistance  inserted 
in  the  armature  winding  circuit 
causes  the  effective  terminal  voltage 
and  the  speed  to  decrease.  This 
last  method  is  somewhat  wasteful 
of  power. 

The  speed  of  a  series  wound 
motor  may  be  varied  by  ( 1 )  the  use 
FiGUKE  7.— Speed  control  of  a  shunt  motor  of  a  Variable  resistance  in  the  arma- 
ture circuit,  (2)  shunting  the  field 
coils  with  a  resistance,  or  (3)  short  circuiting  part  of  the  field  coils. 
Figure  8  illustrates  these  methods  of  speed  control.  In  method 
A,  as  the  resistance,  R' ^  is  increased,  the  effective  terminal  voltage, 
E^  drops,  and  the  speed  is  reduced  proportionately  since  less  back 
e.  m.  f.  (electromotive  force)  is  now  needed.  In  method  B,  as  the 
resistance  is  decreased,  the  excitation  is  decreased,  and  the  motor 
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speeds  up.  In  method  C,  as  more  of  the  field  coils  are  cut  out  the 
flux,  <^,  is  decreased  and  the  motor  speeds  up. 

Compound  motors  are  sometimes  controlled  by  short  circuiting 
the  series  windings  after  the  motor  has  attained  a  certain  speed, 
thus  converting  it  into  a  simple  shunt  motor.  The  series  character- 
istics are  advantageous  for  starting  while  the  shunt  characteristics 
are  advantageous  for  speed  regulation  after  starting.  This  type  of 
control  is  sometimes  used  for  electric  elevators,  but  is  rarely  used 
for  bridge  control. 

The  methods  by  which  the  resistances  are  varied  and  controlled 
are  discussed  on  subsequent  pages. 

(WAAAAA— ii' 

STARTING  RESISTANCE,  LOW-VOLTAGE  RE-     - — '       ' . 

LEASE,    OVERLOAD    PROTECTION,   ETC. 

Referring  to  Figure  1,  if  the 
switch  is  closed  with  all  the  starting 
resistance  cut  out,  a  large  current 
will  flow  through  the  armature, 
since  the  back  pressure  at  the  in- 
stant of  starting  is  zero.  This 
excessive  current  will  quickly  burn 
out  the  armature  windings.  To 
prevent  this  action,  a  variable  start- 
ing resistance  is  used.  The  cir- 
cuit is  closed  with  all  resistance  in,  ^ 
and  a  small  current  flows  through  y/R' able  r  pi  stance 

,,  ,  -T  TP.i  IN  PARALLEL  WITH  coil 


^.    If  the  torque 
current    is    not 


B 


6^ 


SWITCH  FOR   SHORT. 

CIRCUITING 

PAR^ 

FIELD 

COILS 


the  armature  windinir 
produced  by  this 
sufficient  to  turn  the  motor,  resist- 
ance is  gradually  cut  out  until  the 
current  is  sufficient  to  furnish  the 
required  starting  torque.  As  the 
motor  speeds  up  the  resistance  is 
gradually  cut  out  to  balance  the 
increasing  back  pressure.  At  full- 
load  speed  the  resistance  is  gener-  ^ 

ally   all   cut  out,   and   the   armature    Figure  8— Three  methods  of  speed  con- 
•^  .  p    n  1        1  i        T  i.  trol  for  a  series  motor 

IS    carrying    tull-load    current.     If 

the  load  on  the  motor  is  increased,  it  slows  down  slightly  if  it  is  a 
shunt  motor  and  considerably  if  it  is  a  series  motor.  T^his  loss  in 
speed  decreases  the  back  pressure  and  allows  more  current  to  flow. 

Such  a  starting  arrangement  requires  safeguarding  against  two 
dangers  as  follows : 

(1)  If  the  power  should  go  off  with  the  resistance  all  cut  out  and 
then  come  back  on,  the  full  current  may  burn  the  armature  winding 
provided  the  operator  has  not  opened  the  line  switch  or  thrown  in 
the  resistance.  As  a  safeguard,  a  low-voltage  release  is  provided 
to  automatically  cut  in  the  full  resistance,  or  else  open  the  circuit, 
when  the  line  voltage  drops  below  a  certain  predetermined  value. 

(2)  An  excessive  load  demand  during  operation  may  draw  a 
destructively  high  current  through  the  armature.  This  contingency 
is  provided  for  by  means  of  a  circuit  breaker  or  overload  relay,  or  by 
means  of  fuses. 


>//////^^y>///////y/////////////. 
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Figure  9  is  a  diagram  of  a  hand-operated  motor  starter  jfitted  with 
overload  protection,  and  low-voltage  release.  A  current  passes 
through  the  metal  contact  arm,  A,  and  through  the  variable  resist- 
ance to  the  armature  as  shown.  The  normal  position  of  this  arm  is 
such  as  to  keep  the  motor  circuit  open,  the  arm  being  held  in  the  open 
position  by  means  of  a  spring.  To  start  the  motor,  the  arm  is 
moved  around  the  resistance  arc  and,  step  by  step,  the  resistance  is 
cut  out.  At  the  last  step  the  magnet,  M,  attracts  and  holds  the  arm 
in  the  full-load  position.  The  magnet  winding  is  shunted  across  the 
main  line  as  shown. 

If  the  powder  suddenly  goes  off,  or  if  the  line  voltage  drops  suffi- 
ciently, the  force  of  the  magnet  is  overcome  by  the  spring  and  the 
arm  springs  back,  opening  the  circuit.     This  device  is  termed  a 

"  low-voltage  release  mechanism." 

The  main  armature  current  passes 
through  a  solenoid,  and  at  a 
certain  predetermined  overload 
current  value  the  solenoid  core  is 
lifted  so  as  to  close  the  contacts 
C-C  This  short  circuits  the 
magnet,  and  again  the  arm  springs 
back  to  its  open  position.  This  is 
an  overload  release. 

This  is  one  of  many  methods  of 
control  and  is  simply  illustrative 
of  a  principle.  The  subject  of  start- 
ing resistances,  overload  relays, 
circuit  breakers,  controllers,  and 
master  switches  is  too  large  to 
present  here,  and  data  is  available 
Figure  9.— Hand-opera  tod  motor  starter  in  manufacturers'  Catalogues  or 
Seasr^''^^''^  protection  and  low- voltage  standard  texts.     Further  discussioH 

of  control  will  be  found  in  the  sec- 
tions which  treat  of  control  equipment. 

SERIES-PARALLEL  CONTROL  OF  MOTORS 


\ffmrTj 


Figure  10  illustrates  a  method  of  connecting  series  motors  in  pairs 
which  has  sometimes  been  used  for  the  operation  of  movable  spans. 
The  first  section  of  the  controller  connects  the  motors  in  series  with 
each  other.  As  the  controller  handle  is  moved  around,  successive 
resistance  steps  are  cut  out,  and  at  the  end  of  the  first  section  the 
starting  resistance  is  all  cut  out  and  the  motors  are  operating  in 
series,  each  motor  operating  on  one-half  the  line  voltage.  The  next 
step  on  the  controller  changes  the  terminal  connections,  throwing 
the  motors  in  parallel  and  cut  in  all  the  original  resistance.  This 
resistance  is  again  cut  out  step  by  step  until  the  motors  are  each 
operating  under  the  full  line  voltage. 

With  the  motors  in  series,  each  motor  takes  the  full  line  current 
at  half  the  line  voltage.  A  strong  torque  at  a  low  speed  is  produced 
without  drawing  excessive  current  from  the  line.  In  the  parallel 
connection  each  motor  takes  half  the  line  current  at  the  full  line 
voltage  and  produces  less  torque  but  operates  at  a  higher  speed. 
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ALTERNATING-CURRENT  MOTORS 

FtJNDAMENTAL  PRINCIPLES  RELATING  TO  ALTERNATING  CURRENT 

Alternating  current  is  generated  whenever  a  revolving  magnetic 
field  of  alternating  polarity  cuts  one  or  more  stationary  conductors, 
as  shown  in  Figure  11,  A.  The  current  (and  the  electromotive 
force)  reverses  in  direction  once  during  the  time  required  for  any 
two  adjacent  poles  to  pass  a  conductor. 


i.^ 


SWITCH    S, 


STATIONARY. 
WIRES 


360  ELECTRICAL  DEGREES 


NOTE- 
CLOSE   SWITCH  S,  AND  OPEN  SWITCH  Sj 
TO  TRANSFORM    TO  PARALLEL  CONNECTIONS 
AS  SHOWN    BELOW 


X^  ^SWITCH  S, 


SWITCH  $2 


Figure     10.  —  Series-parallel     control 
diagram 


Figure  11. — Diagram  to  illustrate  prin- 
ciple involved  in  an  alternating-current 
motor 


The  e.  m.  f .  and  the  current  vary  as  shown  graphically  in  Figure 
11,  B.  The  distance,  a,  represents  a  complete  cycle  or  360  electrical 
degrees. 

The  frequency  of  the  e.  m.  f.  is  the  number  of  cycles  per  second, 
and  is  represented  hereinafter  by  the  symbol,  /. 

If  p  be  the  number  of  poles,  obviously 


/= 


r  p.m.    £_r.p.m.Xp 


An  e.  m.  f.  imposed  upon  a  single  circuit  is  known  as  a  single- 
phase  voltage,  or  e.  m.  f.  Suppose  there  are  three  such  circuits, 
the  e.  m.  f.  in  each  circuit  lagging  the  adjacent  e.  m.  f.  by  120  elec- 
trical degrees.  The  graph  of  the  three  voltages  superimposed  would 
be  as  shown  in  Figure  11,  C.  Such  a  voltage  is  known  as  a  polyphase 
voltage  (in  this  case,  a  3-phase  voltage)  and  the  resulting  current  is 
termed  a  polyphase  current. 
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Suppose  there  are  three  alternating-current  generators  (or  more 
exactly,  three  independent  coils  on  one  generator),  each  generating 
an  alternating  current,  and  so  arranged  as  to  lag  each  other  by  120 
electrical  degrees.  Instead  of  the  six  wires  shown  in  Figure  12,  A, 
suppose  that  wires  &,  d^  and  e  were  connected  together  to  form  a 

common  lead,  as  shown  in  Figure 
12,  B.  This  common  lead  wire  car- 
ries the  three  currents  formerly 
carried  by  wires  &,  d.,  and  ^,  but 
from  Figure  11,  C  it  is  readily  seen 
that  the  algebraic  sum  of  the  three 
voltages  at  any  instant  is  zero. 
Since  there  is  no  voltage  there  can 
be  no  current  and  the  wire  can  be 
dispensed  with  as  shown  in  Fig- 
ure 13,  A.  This  method  of  con- 
necting the  lead  Avires  from  the 
three  stator  coils  of  a  3-phase  gen- 
erator makes  it  possible  to  carry  a 
3-phase  current  over  three  wires, 
each  wire  acting  as  a  return  for 
the  other  two. 


Y  CONNECTION 

A 


/\^-7 


Figure  12. — Diagram  illustrating  princi- 
ples involved  in  generating  3-phase 
current 

Two  methods  of  connection  are 
used,  the  one  in  Figure  13,  A  being- 
known  as  the  Y  connection  and  the 
one  shown  as  Figure  13,  B  being 
termed  the  A  (delta)  connection. 

If  each  phase  coil  generates  a  volt- 
age, E^  across  its  terminals,  and  a 
current,  /,  the  currents  and  voltages 
in  and  across  the*  line  wires,  for  the 
two  different  methods  of  connection 
are  as  shown  in  Figure  13.  A  proof 
of  this  fact  will  be  found  in  any 
textbook  on  alternating  current. 

Figure  14  shows  the  different 
ways  in  which  loads  are  connected  to  a  3-phase  main. 


A    CONNECTION 

B 

Figure  13. — Methods  of  connecting  wind- 
ings of  a  3-phase  generator 


INDUCTANCE 


Whenever  there  is  a  change  in  the  current  flowing  in  any  line, 
there  is  induced  an  e.  m.  f.  opposite  in  direction  to  the  current 
change.    This  electromotive  force  is  known  as  the  e.  m.  f.  of  self- 
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THREE   LOADS  Y  CONNECTED 

(D 


induction.     Without  going  into  a  theoretical  and  lengthy  discussion, 
the  following  facts  may  be  stated. 

The  e.  m.  f.  of  self-induction  is  proportional  to  the  rate  of  change 
in  the  current.  It  is  zero  at  the  instant  that  the  current  ceases  to 
change,  and  a  maximum  Avhen  the  current  is  changing  the  most 
rapidly. 

This  e.  m.  f.  is  always  in  such  direction  as  to  oppose  the  change 
in  current.  When  the  current  is  increasing,  the  induced  e.  m.  f. 
tends  to  cause  the  current  to  decrease,  and  vice  versa.  The  greater 
the  frequency  of  an  alternating  current,  the  greater  the  e.  m.  f.  of 
self-induction. 

Consider  the  alternating  current  shown  graphically  in  Figure  15. 
At  the  instants  a,  ^,  and  c\  the  cur- 
rent change  is  zero.  Therefore,  the 
e.  m.  f.  of  self-induction  is  zero  at 
these  points.  Between  a  and  &,  the 
current  is  decreasing,  therefore,  the 
e.  m.  f.  of  self-induction  must  be 
positive  between  these  points.  Be- 
tween h  and  <?,  the  current  is  in- 
creasing, therefore,  e.  m.  f.  of  self- 
induction  must  be  negative.  The 
maximum  rate  of  change  in  current 
takes  place  at  the  instants  d.,  e.  and 
/,  which  indicates  that  these  points 
must  be  the  points  of  maximum 
e.  m.  f.  of  self-induction.  Plotting 
the  e.  m.  f.  curve  through  these 
control  points  results  in  the  dotted 
curve  of  Figure  15  which  must  be 
the  curve  of  Ei^  the  e.  m.  f .  of  self- 
induction. 

The  impressed  voltage,  E^  must 
be  sufficient  to  overcome  this  coun- 
ter voltage,  Ei^  and  also  to  force 
the  current.  /,  through  the  resist- 
ance, R,  of  the  circuit. 

If  this  resistance  is  zero,  then  the 
impressed  e.  m.  f .  is  only  just  equal 
and  opposite  to  the  e.  m.  f.  of  self- 
induction,  and  varies  as  shown  in 
Figure  15. 

The  above  facts  are  the  basis  of  the  following  very  important 
law :  In  inductive  circuits  of  negligible  resistance,  the  applied  voltage 
leads  the  current  by  90  electrical  degrees,  or,  as  generally  expressed, 
the  current  lags  the  voltage  by  90  electrical  degrees. 

The  self-induction  of  a  circuit  acts  against  the  impressed  or  ap- 
plied voltage,  and  lessens  its  power  to  force  current  through  the  line. 
The  value  of  this  resistance  is  generally  termed  the  "inductive  re- 
actance," and  is  expressed  in  ohms. 

If,  in  any  circuit  there  be  a  resistance,  R^  and  also  an  inductive  re- 
actance, JT,  the  impressed  voltage  no  longer  leads  the  current  by  90 
electrical  degrees,  but  by  some  angle,  ^,  which  may  be  determined 
froni  the  followinjj:  considerations. 


Ep 


SINGLE  LOADS  A  CONNECTED 


THREE  LOADS  A  CONNECTED 

FiGUKK    14. — Methods   of  connecting  loads 
to  y-phase  current 
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•E  •  e.mf.  OF  SELF-INDUCTION 
1/ 


The  impressed  voltage,  E  (fig.  16),  must  have  a  component,  E\ 
equal  to  i?/,  and  in  phase  with  the  current,  /,  else  it  could  not  over- 
come the  resistance  R.  This  voltage  must  also  have  another  compo- 
nent, E'%  equal  to  /X,  and  in  phase  with  it,  else  it  could  not  overcome 
the  inductive  reactance,  X.  This  inductive  reactance  leads  the  cur- 
rent, /,  by  90°,  as  shown  above.     Therefore,  these  two  components 

are  at  right  angles,  and  the  result- 
ant voltage  is  found  as  shown  in 
Figure  16. 

The  actual  useful  power  in  tlie 
circuit  is  measured  by  the  product 
of  the  current,  /,  times  the  voltage 
component,  E\  in  phase  Avith  /, 
since  the  other  component  (in  phase 
with  X)  is  balanced  by  the  e.  m.  f. 

b^iGURE    15.— Diagram    showing    relation    of  self -induction. 
between  current,  impressed  voltage,  and         That    IS     DOWer    in    W^atts  =  "R'T  = 
e.  m.  f.  of  self-induction  ...  '    P"^^^    "^    Wdtts      rj  i. 

EI  COS  e. 
The  term,  cos  B,  is  called  the  power  factor,  and  varies  with  the 
ratio  of  inductance,  X,  to  resistance  R. 

GENERAL  DISCUSSION   OF  POLYPHASE  INDUCTION  MOTORS 

The  essential  parts  of  a  polyphase  induction  motor  consist  of  a 
stator  or  stationar}^  element  Avith  windings  carrying  the  several 
phases  of  the  line  current,  and  a  rotor  inside  tlie  stator.  If  the  rotor 
wires  are  connected  together  at 
their  extremities,  the  motor  is 
knoAvn  as  the  squirrel-cage  type. 
If  they  terminate  in  brushes,  w^iicli 
are  connected  with  variable  resist- 
ance elements,  it  is  termed  the 
wound  rotor,  or  slip-ring  type  of 
motor. 

Figure  17  shows  a  stator  of  an 
induction  motor  wound  for  a  3- 
phase  current  with  the  phases 
spaced  120  electrical  degrees 
around  the  ring.  When  the  cur- 
rent in  phase  1  is  a  maximum  posi- 
tive value,  the  value  of  the  current 
in  both  phase  2  and  3  is  equal  to 
-/ sin  30° -1/2/. 

The  resultant  magnetic  field  is 
therefore  in  the  direction  shown  in 
Figure  17  at  this  instant.  When 
the  current  has  passed  through  120 

electrical  degrees  (after  ^  sec- 
onds, where  /  is  the  frequency)  the  value  of  phase  2  is  maximum  and 
positive,  and  that  of  both  phase  3  and  phase  1  negative  and  each 
equal  to  one-half  the  maximum  value.  The  resultant  magnetic  field 
at  this  instant  is,  therefore,  120°  to  the  left  of  its  original  position. 
After  another  equal  interval  the  field  is  240°  to  the  left  of  its  original 
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RES1STANCE,_ 
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^'^J^JC- 


INDUCTIVE  REACTANCE, 


■^0000000000000^ 
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FiGUKE  16. — Determination  of  resultant 
voltage  in  an  alternating-current  cir- 
cuit containing  resistance  and  reactance 
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position.  A  3-pliase  current,  therefore,  produces  a  rotating  magnetic 
field  with  a  speed  in  r.  p.  m.  of  60/  for  a  2-pole  machine.  For  multi- 
polar machines  with  P  poles,  the  speed  of  the  revolving  magnetic 

field  IS,  r.  p.  m.^     -^  - 


%P 


This  is  known  as  synchronous  speed,  and  depends  on  the  frequency 
of  the  applied  current,  and  not  on  the  motor  load.  The  action  of 
the  rotating  magnetic  field  is  exactly  the  same  as  if  the  ijermanent 
magnets  of  Figure  18  were  revolved  about  the  rotor  at  synchronous 
speed. 

Suppose  the  rotor  of  Figure  18,  A  to  be  at  rest  and  current  sud- 
denly aj^plied  to  the  stator  winding.     The  hypothetical  magnets,  N 


MOVEMENT  OF  MAGNETIC  FIELD         i^, 


DIRECTION  OF  MAGNETIC  FIELD   WHEN 
EACH  PHASE  IS  A  MAXIMUM 


•- 1 20*  »l«    1 20*-4-^  1 20*-J 
Figure  17. — Diagram  illustrating  principles  involved  in  an  induction  motor 

and  S,  start  to  revolve  at  synchronous  speed,  and  an  electromotive 
force  is  induced  in  the  rotor  wires.  This  e.  m.  f.  induces  a  current 
in  the  rotor  wires  and  since  these  wires  already  lie  in  a  magnetic 
field,  a  torque  is  at  once  developed  which  tends  to  revolve  the  rotor, 
and  with  it  the  motor  shaft.  The  flux  is  moving  downward  with 
respect  to  the  wires  on  one  side  of  the  line  A-A  (fig.  18,  A),  and 
upward  with  respect  to  the  wires  on  the  other  side  of  this  line.  The 
induced  e.  m.  f .,  therefore,  is  opposite  in  direction  on  the  two  sides 
of  the  line  A-A. 

If  the  rotor  current  is  in  phase  with  the  rotor  voltage,  the  condi- 
tion shown  in  Figure  18,  A  obtains  (i.  e.,  relative  motion  and  cur- 
rent reverse  at  the  same  time),  and  the  torque  is  all  in  one  direc- 
tion.   If,  on  the  other  hand,  the  induced  rotor  current  lags  the  volt- 
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age,  a  condition  such  as  shown  in  Figure  18,  B  obtains,  and  part  of 
the  torque  is  negative.  From  Figure  18,  B  the  retarding  torque 
sector  is  seen  to  be  proportional  to  the  current  lag,  9. 

SQUIRREL-CAGE  MOTORS 

The  above  fundamentals  will  now  be  applied  in  a  discussion  of 
the  load  characteristics  of  polyphase  motors,  xlssume  the  motor 
at  rest  and  no  stator  current  flowing.  At  the  instant  the  line  switch 
is  closed,  the  magnetic  field  induced  by  the  phase  winding  starts  to 
revolve  at  synchronous  speed,  and  currents  are  set  up  in  the  rotor 


MOTION  OF 
MAGNETIC  FIELD 


ACCELERATING 
SECTOR 


ACCELERATING 
SECTOR 


C  D 

Figure  18. — Diagram  illustrating  principles  involved  in  induction  motors 

bars.  The  frequency  of  the  rotor  currents  at  the  instant  of  start- 
ing must  be  the  same  as  that  of  the  stator  currents,  since  the  rotor 
has  not  started  to  move.  With  this  relatively  high  frequency,  a 
large  inductive  reactance  is  introduced  (since  the  inductance  varies 
as  the  frequency).  Since  the  rotor  resistance  must  always  be  rela- 
tively low  (to  avoid  excessive  heating),  the  current  must,  in  this  case, 
lag  the  induced  e.  in.  f .  by  a  large  angle.  A  large  retarding  torque 
sector  (fig.  18,  C)  is,  therefore,  developed  so  that  the  net  or  useful 
torque  is  relatively  small  while  the  rotor  current,  //•,  is  quite  high. 
At  starting,  therefore,  there  is  a  relatively  small  starting  torque,  with 
a  relatively  high  starting  current.     Generally,  a  starting  current 
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equal  to  about  five  times  the  full-load  current  is  needed  to  develop 
150  per  cent  of  full-load  torque. 

As  the  torque  develops  sufficiently  to  overcome  the  inertia  of  the 
rotor  and  the  external  load,  the  rotor  starts  to  rotate.  For  no  load 
conditions,  the  rotor  accelerates  to  practically  synchronous  speed ;  for 
full  load,  the  rotor  generally  has  a  slip  of  about  4  per  cent ;  i.  e.,  the 
rotor  moves  through  96  per  cent  of  one  revolution,  while  the  stator 
field  makes  a  complete  circle. 

As  the  frequency  of  the  rotor  current  depends  upon  the  rate  at 
which  the  rotor  bars  slip  past  the  rotating  field,  the  full-load  fre- 
quency is  but  4  per  cent  of  the  frequency  at  starting.  This  low 
frequency  reduces  the  reactance  in  the  rotor  circuit  proportionately 
and,  therefore,  reduces  the  current  lag  since  the  rotor  resistance  is 
constant,  and  the  rotor  currents  become  more  nearly  in  phase  with 
the  rotor  voltage.  Full-load  torque  is,  therefore,  developed  at  a 
greatly  increased  power  factor.  Full-load  torque  at  full-load  speed 
obviously  requires  the  rated  full-load  current,  while  for  this  same 
torque  at  the  start  about  330  per  cent  of  the  full-load  current  is 
required. 

As  the  load  on  the  motor  is  increased  above  the  rated  full  load  the 
rotor  slows  down  and  the  percentage  of  slip  becomes  greater.  This 
increase  in  slip  increases  the  amount  of  current  in  the  rotor  bars  and 
also  increases  the  frequency.  The  current  increase  tends  to  increase 
the  torque,  while  the  increased  frequency  increases  the  current  lag 
and,  therefore,  decreases  the  torque.  Up  to  a  certain  load  the  cur- 
rent increase  is  greater  in  its  effect  than  that  of  the  frequency  in- 
crease and,  therefore,  the  torque  increases  to  carry  the  increased 
load.  Above  a  certain  point,  however,  the  effect  of  the  lag  in  rotor 
currents  is  more  than  the  effect  of  the  increased  current  itself.  At 
this  point  the  motor  starts  to  slow  down,  and  the  torque  decreases 
with  any  further  increase  in  current.     (Fig.  22.) 

The  change  in  current  values  is  great  even  for  a  small  change  in 
the  percentage  of  slip,  so  that  the  squirrel-cage  motor  is  to  all 
intents  and  purposes  a  constant -speed  motor.  This  type  of  motor 
always  takes  a  lagging  current,  and  has  a  power  factor  at  full  load 
varying  between  80  and  90  per  cent,  depending  on  the  size. 

The  synchronous  speed  of  a  squirrel-cage  motor  may  be  found  by 
the  formula 

120/ 
r.  p.  m.  =-p — 

Full-load  speed  is  generally  about  96  per  cent  of  synchronous  speed. 
The  large  current  required  by  the  squirrel-cage  motor  for  starting 
under  full  load  is  the  principal  objection  to  this  type  and  eliminates 
it  from  consideration  for  heavy  starting  duty.  It  is,  however,  very 
sturdy  in  construction,  and  has  no  brushes  or  sliding  contacts  such 
as  the  commutator  of  a  direct-current  motor  or  the  slip  rings  of  a 
wound-rotor  motor.  For  small  units  or  other  use  not  involving 
heavy  starting  duty  this  motor  is  very  satisfactory. 

WOUND-ROTOR  MOTORS 

It  has  been  pointed  out  that  for  the  squirrel-cage  motor  the  large 
ratio  of  current  to  torque  at  starting  is  due  to  the  lagging  current, 
which  in  turn  is  a  function  of  the  high  reactance  and  low  resistance 
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of  the  rotor.  For  example,  if  the  resistance  R  in  the  rotor  circuit 
(fig.  19)  be  increased  to  R\  then  the  angle  of  current  lag  decreases 
from  9  to  0',  and  the  retarding  sector  on  the  rotor  is  decreased 
proportionately.  (Fig.  18,  C,  D.)  By  increasing  the  rotor  re- 
sistance a  larger  torque  is  produced  with  less  current,  and  the  angle 
of  lag  can  be  so  reduced  that  full-load  torque  at  starting  may  be 
developed  at  about  full-load  current. 

As  soon  as  the  rotor  speeds  up  the  resistance  is  no  longer  needed, 

since  tlie  reduced  frequency  of  the 

rotor  current  automatically  takes 
care  of  the  current  lag,  and  this  high 
rotor  resistance  would  cause  heavy 
power  loss  due  to  heating.  Instead 
of  having  the  rotor  bars  connected 
together  at  their  extremities,  the 
wound-rotor  motor  terminates  these 
bars  on  slip  rings  to  which  are  wired 
resistance    grids    arranged    so  that 

Figure    19.— Diagram    showing   effect    of  theV  may  be  CUt  OUt  step  bv  Stcp  as 
Introducing  resistance  in  rotor  of  indue-   j.i''         i*^  i  rfvi'xj: 

tion  motor  the  motor  speeds  up.     1  his  type  or 

motor  is  suitable  for  heavy  starting 
duty,  as  it  has  much  better  starting  characteristics  than  the  squirrel- 
cage  type. 

For  the  main  hoisting  or  turning  motors  of  a  movable  bridge  the 
wound-rotor  or  slip-ring  type  should  preferably  be  used  if  the  power 
required  is  in  excess  of  15  to  18  horsepower.  Below  this  value  squir- 
rel-cage motors  can  be  used.  They  are  also  suitable  for  such  pur- 
poses as  the  operation  of  pumps,  locks,  latches,  gates,  and  barriers. 
Squirrel-cage  motors  having  what  is  known  as  "  high-resistance 
rotors  "  are  sometimes  used  for  in- 
termittent duty  of  this  kind  and 
may  be  used  for  power  units  up  to 
25  horsepoAver  and  perhaps  even 
higher. 
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Figure    20. — Effect    of   load    current    on 
power  factor 


POWER  FACTOR 

Thus  far  the  discussion  has  been 
of  rotor  currents,  voltages,  and  re- 
sistances. The  stator  current,  how- 
ever, is  the  metered  current  for 
which  the  consumer  pays.  Under 
no  load,  the  stator  currents  lag  the 
voltage  by  nearly  90°,  as  the  resistance  of  the  stator  windings  is 
low  and  the  only  impedence  is  the  reactance  of  the  circuit. 

As  the  load  comes  on  the  rotor  develops  a  slip,  and  rotor  currents 
are  developed  which  tend  to  demagnetize  the  stator.  To  counteract 
this  tendency  a  load  current  is  developed  in  the  stator  which  must 
be  in  phase  with  the  stator  voltage. 

As  the  load  current  increases  the  power  factor  increases,  as  shown 
in  Figure  20.  For  example,  if  Oa  represents  the  value  of  the  stator 
load  current  at  one-half  full  load,  the  power  factor  is  cos  9.  As  the 
load  is  increased  to  full  load,  the  magnetizing  current  or  current 
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opposing  the  inductance  remains  practically  constant,  the  load  cur- 
rent increases  to  the  value  Oh^  and  the  power  factor  becomes  cos  G'. 
The  power  factor  for  an  induction  motor  varies  with  the  load 
approximately  as  follows : 
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Figure     21. — Torque-speed    curves     for 
.>slip-ring  induction  motor 


It  is  not  advisable  to  design  a 
power  system  so  that  the  motors  are 
always  underloaded,  as  this  means 
not  only  a  waste  in  the  first  cost 
but  also  a  low  power  factor  and  a 
consequent  plant  waste  at  the  point 
of  generation. 

SPEED  CONTROL  OF  WOUND-ROTOR 
MOTORS 

The  motor  torque  depends  upon 
the  rotor  current  which  in  turn 
is  induced  by  the  slip  of  the  rotor. 
If,  at  any  given  load  and  speed 
resistance  were  inserted  in  the  rotor 
circuit,  the  rotor  current  would 
drop  and  the  torque  would  de- 
crease. This  would  cause  the  rotor 
to  slow  down  until  the  additional 
slip  produced  the  required  torque 
current.  The  motor  would  then 
continue  to  rotate  and  carrv  the 
load,  but  at  a  reduced  speed.  Speed 
control  on  wound-rotor  motors  is 
therefore  made  possible  by  varying 
the  resistance  in  the  rotor  circuit. 

Figure  21  shows  the  torque-speed 
curves  for  a  440-volt,  60-cycle, 
6-pole,  wound-rotor,  induction  mo- 
tor having  five  resistance  steps. 
These  curves  are  self-explanatory 
between  speed,  torque,  and  current 
motor. 

STARTING  SWITCHES,  COMPENSATORS,  AND  SPEED  CONTROLS 

The  full  line  voltage  can  be  thrown  directly  on  the  stator  of  small, 
sq[uirrel-cage  motors  by  means  of  an  ordinary  knife  switch,  but  all 
circuits  should  be  protected  against  overload  by  suitable  fuses.  In 
starting  large  motors,  use-  is  frequently  made  of  autotransformers, 
or  starting  compensators,  which  are  placed  in  the  line  to  reduce  the 
voltage  at  starting  and  thus  avoid  the  possibility  of  dangerously 
high  currents. 

64559°— 31 ^2 
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SPEED  AS  A  PERCENTAGE  OF  SYNCHRONOUS  SPEED 

Figure  22. — Typical  speed-torque  and 
speed-current  curves  for  a  440-volt  al- 
ternating current  motor  rated  at  1,200 
r.  p.  m. 

.     Figure  22  shows  the  relation 
for  a  440-volt  alternating  current 
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The  Y-delta  method  of  starting  is  sometimes  used.     This  method 

depends  for  its  action  on  the  difference  in  voltage  across  Y-connected 

against  delta-connected  loads  as  shown  in  Figure  14.     During  the 

starting  period  the  stator  windings  are  Y-connected  to  the  line,  giv- 

W 
ing  a  voltage  of    rq-or  58  per  cent  of  the  line  voltage.     As  the 

machine  speeds  up,  the  connections  are  thrown  into  a  delta  connec- 
tion, increasing  the  voltage  to  E  or  100  per  cent  of  the  line  voltage. 
These  starting  devices  are  used  for  squirrel-cage  motors,  while  the 
slip-ring  motors  need  no  device  other  than  the  variable  rotor  resis- 
tance. This  latter  type  of  control,  which  is  most  readily  effected 
with  magnetic  contactors  (remote  or  magnet  control),  presents  so 
many  advantages  that  its  use  for  movable-bridge  operation  is  becom- 
ing almost  universal.  This  method  of  control  and  also  the  question 
of  motor  starters  in  general  is  to  be  discussed  more  fully  in  following 
pages. 

SINGLE-PHASE  MOTORS 

It  is  sometimes  necessary  to  use  single-phase  motors  for  small 
units  because  no  other  current  is  available.  For  units  above  a  single 
horsepower  this  should  not  be  done  unless  unavoidable,  as  3-phase 
motors  are  always  considerably  less  expensive,  less  complicated  as  to 
wiring,  and  easier  to  install  and  maintain. 

As  an  illustration,  the  following  quotations  on  2-horsepower  and 
3-horsepower  units  have  recently  been  made  for  use  on  a  bridge. 

2-HORSKPOWER  GATE    MOTORS 

Single-phase   (reversible) $75 

Three-phase 43 

Difference - B2 

S-HORSEPOWItm  BARRIER    MOT(mS 

Single-phase   (reversible) $94 

Three-phase 48 

Difference 46 

There  is  also  the  factor  that  single-phase  motors  must  be  fitted  with 
brushes  which  are  always  likely  to  cause  some  trouble  or  expense 
because  of  sparking  or  flashing  over. 

SELECTION  OF  ELECTRIC  MOTORS 

The  determination  of  the  power  required  for  movable  bridges  is 
so  thoroughly  covered  in  current  literature  that  it  need  not  be  re- 
peated here.  The  discussion  which  follows  is,  therefore,  based  on 
the  assumption  that  the  torque  and  power  demands  at  the  niotor 
shaft  for  all  conditions  of  loading,  have  already  been  determined. 

The  fundamental  principles  underlying  the  operation  of  electric 
motors  have  been  discussed  and  it  now  remains  to  summarize  this 
subject  matter  and  deduce  a  few"  simple  rules  for  the  guidance  of 
the  engineer  in  specifying  and  selecting  equipment. 
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DIRECT-CURRENT   VERSUS  ALTERNATING-CURRENT    MOTORS 

The  choice  between  direct-current  and  alternating-current  motors 
will,  of  course,  be  largely  controlled  by  the  character  of  electrical 
energy  commercially  available.  Alternating  current  is  used  for 
general  distribution  through  high-voltage  lines  because  of  its  flexi- 
bility. The  majority  of  commercial  service  lines  carry  alternating 
current,  while  direct  current  is  used  for  street  railways  and  for  dis- 
tribution in  industrial  centers.  The  majority  of  installations  for 
movable  bridges  make  use  of  alternating  current  because  of  its  more 
frequent  commercial  use.  Where  both  types  of  current  are  available 
at  approximately  equal  rates,  the  choice  between  the  two  is  largely 
a  matter  of  personal  preference. 

The  direct-current  series  motor  has  starting  characteristics  some- 
what better  adapted  to  heavy  hoisting  duty  than  the  polyphase  in- 
duction motor  as  indicated  by  Table  3.  Direct-current  motors  are 
apt  to  have  more  sparking  at  the  brushes  than  wound-rotor  motors, 
especially  where  commutating  poles  have  not  been  supplied.  Ma- 
chines of  the  squirrel-cage  type  do  not  have  such  trouble. 

Alternating  current  is  more  flexible,  easier  to  handle,  and  some- 
what easier  on  contacts  because  the  frequent  current  alternations 
minimize  the  tendency  to  spark. 

All  things  considered,  alternating  current  is  perhaps  slightly  more 
desirable  than  direct  current  for  movable  bridges. 

TESTS  AND  RATINGS  FOR  MOTORS 

The  capacity  of  any  motor  is  limited  by  two  factoi*s — commuta- 
tion and  temperature  rise.  Commutation  is  necessary  only  on  direct- 
current  motors  and  certain  types  of  single-phase  machines,  and  if 
commutating  poles  are  supplied  the  sparking  at  the  brushes  is  greatly 
minimized. 

The  horsepower  of  a  motor  is  a  function  of  torque  and  speed  which 
are  in  turn  functions  of  the  voltage  and  load  current.  The  load 
current  is  limited  to  that  value  which  will  not  heat  the  motor  to  a 
point  detrimental  to  the  insulation.  It  is  apparent  that  the  internal 
temperature  of  the  windings  is  a  function  of  the  time  during  which 
the  motor  operates  so  that  the  size  or  capacity  of  any  motor  is  not  a 
fixed  term  but  a  term  which  has  a  variable  meaning,  depending  upon 
the  period  over  which  it  must  be  operated  continuously.  This  is 
illustrated  by  Table  1  taken  from  the  catalogue  of  a  manufacturer. 


Table   1. 


-Horsepower  rating  of  direct-current   motors  for  different   periods 
of  time  based  o)i  a  limitinff  rise  in  temperature  of  75°  C. 


Motor 

One-fourth 
hour 

One-half 
hour 

Ihour 

5  hours 

A..                                                      - 

Horsepower 
8H 
33 
80 
180 
300 

Horsepower 

m 

28 

65 

140 

250 

Horsepower 

6 

20 

50 

100 

185 

Horsepower 

B .._.■...... 

c -. 

14 
30 

D 

62 

E 

100 
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The  duty  imposed  upon  the  motors  of  any  movable  bridge  is  highly 
intermittent,  but  it  appears  advisable  to  specify  a  time  ratmg  not  less 
than  that  necessary  for  five  complete  operating  cycles,  and,  in  any 
event,  not  less  than  the  following  minimum  limits : 

Minutes 

Gates  and  barrier  motors 15 

Wedge  and  lift  motors 25 

Hoisting  or  swinging  motors 80 

The  limiting  rise  in  temperature  should,  in  general,  be  not  more 
than  50°  C.  above  a  room  temperature  of  40°,  although  a  temperature 
rise  of  75°  is  sometimes  permissible  for  certain  types  of  direct-current 
motors.  The  standard  rating  tests  of  the  American  Institute  of 
Electrical  Engineers  are  universally  specified. 

SPECIAL  FEATURES   INVOLVED  IN   USE   OF  DIRECT-CURRENT  MOTORS 

TYPE  OF  FIELD   WINDING 

Shunt  motors  run  at  practically  constant  speed  and  draw  power 
from  the  mains  in  direct  proportion  to  the  torque  demand;  while, 
theoretically,  series  motors  draw  current  in  proportion  to  the  square 
root  of  the  torque  and  operate  at  a  decreased  speed  as  the  current 
increases.  If  the  load  on  a  series  motor  is  suddenly  removed,  the 
speed  increases  rapidly  and  the  motor  may  burst  under  the  centrifu- 
gal stresses  induced. 

The  characteristics  of  a  compound  motor  lie  somewhere  between 
those  of  a  shunt  motor  and  those  of  a  series  motor,  depending  on  the 
ratio  of  shunt  coils  to  series  coils.  A  compound  motor  wdth  char- 
acteristics approaching  those  of  a  series  motor  is  said  to  be  heavily 
compounded. 

The  main  motors  of  a  movable  bridge  should  be  of  the  series  or  a 
lieavily  compounded  type  in  order  to  produce  the  torque  required 
for  starting  and  to  overcome  wind  resistance  without  unduly  increas- 
ing the  current. 

As  an  example,  a  bascule  span  was  recenth^  designed  b}''  one  of  the 
writers  with  a  required  torque  at  the  main  pinion  of  23,000  foot- 
pounds under  normal  conditions,  and  62,500  foot-pounds  under  ex- 
treme conditions  (wind  pressure  of  15  pounds  per  square  foot).  For 
a  series  motor  the  ratio  of  current  required  under  extreme  conditions 
to  that  required  under  normal  conditions  would  theoretically  be. 

-t/l^^^^— ^  =  1-65.  The  extreme  condition  would  require  an 
V  23,000  loot-pounds 

increase  in  current  of  65  per  cent  as  against  172  per  cent  excess  cur- 
rent required  for  the  same  condition  if  a  shunt  motor  was  used.  A 
heavily  compounded  motor  would  require  a  current  slightly  in  excess 
of  that  for  the  series  motor  but  much  less  than  that  for  the  shunt 
motor. 

Under  the  above  conditions  the  overload  would  decrease  the  speed 
of  the  series  motor  to  about  60  per  cent  of  its  value  under  normal 
load.  Constant  speed  is  not  obtainable  with  this  type  of  motor  and  a 
strong  wind  may  increase  the  opening  time  but  such  delays  can  often 
be  tolerated. 

If  two  motors  are  used  to  move  a  span  and  one  of  them  becomes 
inoperative  the  torque  demand  of  the  single  motor  is  200  per  cent 
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of  normal.  This  will  double  the  current  passing  through  a  shunt 
motor,  but  will  increase  the  current  in  a  series  motor  by  only  about 
41  per  cent.  Current  induced  by  overloading  causes  a  tempera- 
ture rise  in  the  motor,  and  the  maximum  load  is  limited  by  the 
maximum  current  w^hich  may  be  induced  without  heating  to  a  tem- 
p)erature  destructive  to  the  insulation.  The  safe  load  on  a  direct- 
current  motor,  as  has  been  stated,  is  often  limited  by  commutation 
(unless  interpoles  are  used),  as  an  excessive  armature  current  weak- 
ens the  reversing  field,  and  causes  destructive  sparking  at  the  brushes. 
If  a  shunt  motor  is  used  a  larger  power  unit  should  be  employed 
as  less  margin  can  be  allowed  for  overload. 

A  series  motor  is  not  suitable  to  operate  pumps  for  the  counter- 
weight pit  of  a  bascule  span,  since  the  suction  pipe  might  break  and 
release  the  load  and  let  the  motor  attain  a  dangerously  high  speed. 

For  roadway  gates  and  traffic  barriers,  either  shunt  motors  or  com- 
pound motors  with  pronounced  shunt  characteristics  are  preferred 
in  order  to  have  constant  si>eed,  since  no  great  amount  of  overload  is 
likely  to  be  applied.  Where  chain  drives  are  used  to  operate  gates 
there  is  a  possibility  of  chains  breaking  and  removing  the  load  and 
the  shunt  characteristics  are  best  suited  for  this  condition. 

Center  locks  for  double-leaf  bascule  spans  and  center  wedges  or 
lifts  for  swing  bridges  may  be  operated  by  shunt  motors  or  those 
having  a  light  compounding.  End  wedges  for  swing  spans,  how- 
ever, should  preferably  be  driven  by  a  heavily  compounded  motor 
in  order  to  develop  the  necessary  power  at  the  end  of  the  lift  when 
wedge  friction  is  a  maximum  or  when  a  wedge  is  jammed.  Shunt 
motors  have  been  used  for  such  service  in  many  instances,  but  the 
experience  of  the  writers  with  end- wedge  lifts  indicates  that  a  motor 
with  better  overload  characteristics  is  desirable. 

In  general,  the  main  hoisting  motors  or  turning  motors,  end- 
wedge  motors  and  those  for  any  other  duty  demanding  occasional 
overloading  should  possess  strong  series  characteristics  unless  the 
conditions  are  such  as  to  make  possible  a  sudden  release  of  load. 
Motors  for  lighter  duty  or  where  constant  speed  is  desirable,  may 
be  of  the  shunt  type  or  the  compound  type  with  shunt  characteristics. 

COMMUTATION 

The  following  brief  discussion  is  presented  to  explain  the  value 
of  commutating  poles  on  direct-current  motors  for  certain  kinds  of 
service. 

Figure  23,  A  shows  part  of  the  armature  and  commutator  of  a 
common  type  of  direct-current  generator.  Each  of  the  armature 
coils  revolving  through  the  main  magnetic  field  carries  a  current. 
These  coils  are  in  series  so  that  the  current  induced  in  each  coil  flows 
through  every  other  coil  between  it  and  the  commutator  segment  in 
contact  at  that  particular  instant  with  the  brush.  An  instant  before 
the  armature  assume  the  position  shown  in  Figure  23,  commutator 
segment  C  was  back  of  its  present  position  so  that  point  d  was  at 
some  point  d'  over  the  brush.  Thus  the  commutator  segments  B 
and  C  were  connected  and  coil  A  was  short  circuited.  As  com- 
mutator segment  C  moves  on  past  the  brush,  coil  A  is  suddenly 
thrown  in  series  with  coil  E.  This  sudden  change  of  current  in  coil 
A  is  opposed  by  the  self-induction  of  the  coil  as  indicated  by  the 
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arrow 


thus  causing  a  part  of  the  current  to  be  forced  across  the 
gap  and  into  the  brush,  causing  sparking. 

If  the  brush  is  shifted  forward  to  the  position  shown  by  the  dotted 
outline,  coil  A  would  still  be  short-circuited  during  a  certain  period 
of  the  rotation,  but  it  would  be  short-circuited  in  a  reversing  mag- 
netic field  since  it  has  now  been  moved  under  the  pole  tip  N. 

This  discussion  can  be  applied  to  a  motor  where  the  armature 
current  is  aj)plied  rather  than  induced  if  it  is  remembered  that  the 
direction  of  rotation  is  reversed.  The  following  general  rule  may 
be  stated:  To  avoid  sparking,  the  brushes  must  be  shifted  forward 
for  generators  and  back  for  motors. 


COMMUTATING  POLE  PIECE 


COMMUTATING  FIELD  LINES 
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ARMATURE  REACTION 


RESULTANT  FIELD 

(DUE  TO  ARMATURE  REACTION 

AND  FIELD  MAGNETS) 


WEAKENED  FIELD 


Figure  23. — Diagram  illustrating  cause  and  metliod  of  control  of  commutating 

difficulties 

Figure  23,  B  indicates  the  distribution  of  flux  through  the  arma- 
ture of  a  generator  or  motor  due  to  the  field  magnets  only.  Figure 
23,  C  illustrates  the  magnetic  field  produced  by  the  armature  wind- 
ing. Figure  23,  D  shows  the  resultant  of  these  two  fields.  It  is 
apparent  that  the  effect  of  armature  reaction  is  to  weaken  the  re- 
versing field,  and  that  furthermore  the  degree  of  weakening  is  di- 
rectly proportional  to  the  armature  current.  For  sparkless  com- 
mutation, therefore,  it  would  not  only  be  necessary  to  shift  the 
brushes  further  on  account  of  armature  reaction,  but  the  neutral 
position  for  these  brushes  would  vary  with  the  load  (the  armature 
current) . 

To  avoid  this  difiiculty,  interpoles  or  commutating  poles  may  be 
placed  as  indicated  in  Figure  23,  A.    The  function  of  these  poles 
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is  to  create  an  auxiliary  reversing  field  for  the  armature  coil  which 
is  being  short  circuited. 

The  following  statement  on  commutating  poles  is  quoted  from  the 
catalogue  of  a  large  electrical  manufacturing  company. 

OVERIX)AD    CAPACITY    AT    COMMUTATOR    IS    OBTAINED    BY    THE    USE    OF    COMMUTATING 

POLES 

The  weakest  point  of  a  noncommutating-pole  motor  is  the  commutator,  on 
account  of  its  tendency  to  disintegrate  because  of  the  sparking  and  wear  by 
brush  friction.  The  commutating  pole  motor  is  primarily  a  non-sparking  ma- 
chine with  the  result  that  a  much  lighter  brush  tension  may  be  used.  In  fact, 
no  other  feature  adds  so  much  to  the  durability  and  overload  capacity  of  a 
direct-current  motor  as  the  use  of  commutating  poles.  The  beneficial  effects 
of  commutating  poles  are  particularly  noticeable  on  the  higher  voltages,  and 
on  circuits  having  a  wide  and  rapidly  fluctuating  voltage  where  they  greatly 
minimize  the  tendency  to  flash  over  at  the  commutator. 

The  neptral  point  of  commutating  pole  machines  is  fixed,  regardless  of  the 
direction  of  rotation,  therefore  commutation  poles  are  particularly  valuable  on 
reversible  motors. 

The  commutating  pole  windings  are  in  series  with  the  windings  of  the  arma- 
ture and  main  poles.  This  makes  the  advantages  of  the  commutating  poles 
markedly  effective  in  the  case  of  series- wound  motors,  for  as  the  load  in- 
creases, the  excitation  of  both  the  commutating  and  main  jwles  increase  equally 
and  together,  resulting  in  an  enormously  increased  capacity  of  the  machine  to 
stand  sudden  heavy  overloads  without  sparking  at  the  commutator. 

SPECIAL  FEATURES  INVOLVED  IN  THE  USE  OF  ALTERNATING-CURRENT  MOTORS 

For  the  main  hoisting  or  swinging  motors  the  following  general 
practice  should  guide  the  selection : 

For  power  units  of  less  than  15  horsepower :  Squirrel-cage  motors 
may  be  used,  although  slip-ring  induction  motors  are  somewhat  pre- 
ferred on  account  of  the  need  for  some  speed  control. 

For  power  units  between  15  and  25  horsepower :  Either  slip-ring 
induction  motors  or  squirrel-cage  motors  with  high-resistance  roto" 
should  be  used.     Again  the  slip-ring  type  is  preferred. 

For  power  units  above  25  horsepower:  The  slip-ring  induction 
motor  should  be  used  and  care  taken  to  provide  enough  resistance 
steps  to  accelerate  and  decelerate  the  span  throughout  its  complete 
operating  cycle  at  such  a  rate  as  to  completely  eliminate  all  shock 
and  jar,  and  to  provide  a  speed  range  sufficient  for  the  needs  of  the 
installation. 

For  center  locks,  tail  locks,  end  wedges  and  lifts,  pit  pumps,  road- 
way gates,  and  all  other  light  duty,  ordinary  squirrel-cage  motors 
are  satisfactory. 

LUBRICATION 

The  method  of  lubrication  will  depend  upon  the  nature  of  the  in- 
stallation. Swing  bridges  and  vertical-lift  spans  have  stationary 
motors.  This  is  also  true  of  the  main  hoisting  motors  in  certain  types 
of  bascule  bridges.  For  certain  types  of  rolling-lift  spans,  however, 
and  for  motors  which  operate  center-locking  mechanisms  or  tail 
locks,  the  motors  must  rotate  with  the  moving  leaf.  Motors  which 
are  mounted  on  a  stationary  portion  of  the  structure  may  be  lubri- 
cated by  means  of  oil  rings.  Motors  which  rotate  with  the  moving 
leaf,  however,  must  be  equipped  for  oil  waste  or  wick  lubrication  or 
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fitted  with  grease  cups  or  other  effective  system  for  pressure  hibri- 
cation. 

MOTOR  HOUSINGS 

The  housings  of  motors  are  generally  classified  as  open  frame, 
semiinclosed  (perforated  covering),  and  totally  inclosed.  The  open- 
frame  motor  has  better  ventilation,  and,  therefore,  heats  less  rapidly 
under  heavy  current.  Since  the  capacity  of  any  motor  is  entirely  a 
matter  of  temperature  rise  (unless  commutation  is  a  factor),  a 
smaller  power  unit  may  be  selected  if  an  open-frame  design  is  per- 
missible. For  open  air  service,  however,  open-frame  construction 
may  result  in  damage  to  the  armature  and  windings  due  to  moisture, 
dirt,  dust,  and  other  conditions  of  exposure.  All  motors  except  those 
which  are  located  in  completely  inclosed,  heated  rooms  should  prefer- 
ably be  of  the  inclosed  type. 

Certain  conditions  may  preclude  the  use  of  open  motors  and  yet 
not  necessitate  a  full  inclosure.  For  such  a  condition,  perforated 
covers  (the  semiinclosed  type)  may  be- used. 

Under  severe  conditions  motors  may  be  fitted  with  a  complete 
inclosure  having  an  air  intake  and  an  air  outlet  for  the  connection 
of  ventilation  pipes.  Motors  thus  equipped  are  commercially  avail- 
able and  are  of  two  types;  those  arranged  for  external  ventilation, 
and  the  self-ventilated  type  which  is  equipped  with  fans  as  an 
integral  part  of  the  machine. 

OTHER  GENERAL  FEATURES 

In  general,  the  motors  on  any  bridge  should  be  arranged  and 
located  so  as  to  permit  of  the  most  efficient  system  of  ventilation  and 
to  permit  easy  access  to  all  parts  for  inspection  and  repairs. 

Where  both  2-phase  and  3-phase  alternating  current  is  available, 
preference  should  be  given  to  the  3-phase  current  because  of  the 
better  distribution  of  the  stator  windings  which  increases  the  effi- 
ciency of  the  motor.  The  power  factor  is  also  higher  and  the  start- 
ing characteristics  better  'with  the  3-phase  motor.  There  is  also  a 
saving  in  the  amount  of  copper  required  for  the  distribution  system. 

For  the  same  power  rating,  high-speed  motors  weigh  less,  occu]\v 
less  space,  and  cost  less  than  low-speed  motors.  Table  2  illustrates 
the  variation  in  weight  for  a  few  typical  alternating  current  induc- 
tion motors  of  various  speed  ratings. 

Table  2. — Weight  and  speed  of  typical  60-cycle  alt er7iatinff -current  induction 

motors 


30  horsepower 

50  horsepower 

100  horsepower 

Full-load 
speed 

Weight 

Full-load 
speed 

Weight 

Full-load 
speed 

Weight 

R.  p  m. 
1,160 
890 
680 

575 

Pounds 

700 

780 

1,200 

1,  970 

R.  p.  m. 

1,160 

890 

680 

576 

Pounds 
1,220 
1,370 
1,  850 
2,470 

R.  p.  m. 

890 
680 
575 

Pounds 
2,050 
2.100 
3,160 

Motor  housings  should  be  tapped  for  conduits  so  that  all  motor 
leads  may  be  thoroughly  protected.    Inspection  holes,  of  ample  size, 
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and.  easily  accessible  should  be  provided  over  commutators  and 
brushes  on  all  totally  inclosed  motors.  The  motor  shaft  should  be 
extended  and  key  seated  for  a  standard  shaft  coupling,  except  where 
back  gearing  and  a  secondary  shaft  is  used.  In  this  case  the  motor 
shaft  is  keyed  to  a  forged-steel  pinion,  engaging  a  cast-steel  gear 
with  machine-cut  teeth  and  keyed  to  a  secondary  shaft.  This  sec- 
ondary shaft  should  be  supported  on  bearings  rigidly  fastened  to  the 
motor  housing,  and  generally  the  entire  back  gearing  except  the  pro- 
truding end  of  the  secondary  shaft  is  totally  housed.  Motors  which 
are  to  be  used  in  conjunction  with  motor-mounted  solenoid  brakes 
should  be  fitted  with  a  double  shaft  extension,  one  end  of  which  is 
for  the  attachment  of  the  brake  mounting. 

Where  more  than  40  horsepower  is  required  to  move  a  span  or  a 
leaf  in  the  case  of  double-leaf  bascule  bridges  there  is  great  advan- 
tage in  using  a  set  of  two  motors  rather  than  a  single  motor.  Should 
one  motor  fail  it  would  be  possible  to  operate  the  movable  span  with 
the  remaining  motor,  although,  of  course,  at  a  considerably  reduced 
speed.  This  system  also  has  the  advantage  of  permitting  inspection, 
repair,  or  renewal  of  a  motor  during  the  course  of  operation  by 
simply  cutting  the  motor  out  of  the  line  temporarily.  Where  direct 
current  is  used  the  motors  may  be  installed  with  series-parallel 
method  of  control  which  affords  a  large  speed  variation,  and  also  a 
large  torque  for  starting. 

Where  motors  are  operated  in  pairs,  the  discontinuance  of  one  of 
them  places  a  large  burden  upon  the  other.  Motors  are  generally 
rated  on  the  basis  of  three  torque  values — full-load  torque,  maximum- 
starting  torque,  and  maximum-running  torque.  The  maximum 
starting  and  running  torques  are  generally  more  than  twice  the 
normal  or  full-load  torque.  Table  3  indicates  the  ordinary  range  of 
torque  values  for  a  few  typical  motors. 

Table  3. — Torque  values  of  typical  motors 

60-CYCLE  ALTERNATING-CURRENT  MOTORS 


Horsepower 

Hating 

Full  load 
torque 

Maximum 
running 
torque 

Maximum 
starting 
torque 

Speed  at 
full  load 

20 

''2  hour,  50° 

Foot-pounds 
155 
272 
450 
905 

Foot-pounds 

375 

680 

1,130 

2,350 

Foot-pounds 

335 

610 

1,020 

2,120 

/?.  P.  M. 

6S0 

30             

M  hour,  50" 

575 
575 
575 

50 

1  hour,  50°. 

100...     

1  hour,  60° 

SERIES-WOUND  DIRECT-CURRENT  MOTORS 


20-. 
30.. 
50.. 
100. 


1  hour,  75° 
1  hour,  75° 
1  hour,  75° 
1  hour,  75° 


170 

300 

540 

1.000 


1,425 
3,600 


1,000 
1,450 
2,350 
5,200 


600 
525 
475 
500 


COMPOUND-WOUND  DIRECT-CURRENT  MOTORS 


20. 


50.. 
100. 


1  hour,  75° . 
1  hour,  75°. 
1  hour,  75°. 
1  hour,  75° . 


150 

290 

500 

1,100 


565 

940 

1,350 

3,  3.50 


1,000 
1,450 
2,350 
5,200 


650 
550 
500 
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Figure  24. — A  60-horsepowPr,  550  r.'  p.  m., 
280-volt,  series-wound,  mill-type,  direct-cur- 
rent motor 


Where  motors  are  used  in  pairs  they  should  be  able  to  operate 
against  the  specified  wind  load  in  the  required  opening  time  when 
running  at  full-load  speed  and  producing  not  more  than  full-load 
torque.  Each  motor  alone  should  be  able  to  exert  a  maximum  torque 
sufficient  to  operate  the  leaf  against  a  wind  pressure  of  10  pounds  per 
square  foot.  Such  a  wind  pressure  is  of  common  occurrence  and 
may  occur  at  the  time  one  motor  is  inoperative.  While  the  single 
motor  is  exerting  its  maximum  torque,  it  will  run  at  a  reduced 
speed,  particularly  if  it  is  a  series  motor.  It  is  not  necessary  that 
each  motor  be  able  to  open  the  bridge  in  the  required  opening  time, 

as  a  single  motor  will  be  used 
only  in  an  emergency. 

It  may  be  possible  to  install 
an  electrical  or  hand-operated 
gear  shift  which  will  reduce 
the  speed  of  operation  when 
one  motor  is  inoperative.  The 
maximum  torque  will  then  be 
reduced  by  the  factor  repre- 
senting the  gear  ratio.  An  ar- 
rangement of  this  kind  intro- 
duces another  mechanism  into 
the  operating  train,  and  since 
the  cost  of  motors  is  not  a 
large  portion  of  the  investment 
for  a  movable  bridge,  it  is 
(Questionable  whether  this  pro- 
cedure is  advisable.  However, 
in  many  localities  there  is  the 
important  consideration  that 
electrical  energy  is  sold  on  the 
basis  of  a  fixed  cost  per  horse- 
powder  of  connected  load.  When 
this  is  the  case,  the  use  of  large 
motors  will  increase  the  month- 
ly operating  expense  by  a  mate- 
rial amount,  and  this  may  have 
considerable  bearing  upon  the 
selection  of  motor  sizes. 

With  any  type  of  gearing  it 
is  conservative  and  safe  practice  to  proportion  the  mechanism  so  that 
when  only  one  motor  is  in  operation  the  actual  maximum  torque  at 
the  main  pinion  or  operating  strut  is  sufficient  to  operate  the  bridge 
against  a  wind  pressure  of  10  pounds  per  square  foot. 

The  total  power  system  should  also  be  sufficient  to  hold  the  bridge 
in  any  position  against  a  wind  pressure  of  15  pounds  per  square  foot 
with  a  comfortable  margin  of  safety. 

Each  motor  should  be  rigidly  supported  by  a  firmly  anchored 
base.  Motor  bases  supported  directly  upon  masonry  are  much  pre- 
ferred over  motors  supported  by  the  structural  work. 

Vertical  motors  are  sometimes  used  for  the  operation  of  sump  or 
pit  pumps.  Such  motors  should  be  equivalent  in  all  respects  to  hori- 
zontal motors  for  like  duty,  and  should  have  thrust  bearings  designed 
to  carry  considerable  excess  vertical  load. 


Figure  25. 


-Typical  totally  inclosed  polyphase 
induction  motor 
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It  is  desirable  that  there  be  supplied  with  each  motor  as  spare 
parts  one  set  of  brushes,  one  armature  complete  with  shaft  and 
commutator  or  one  rotor  complete  with  shaft  and  slip  rings,  one 
set  of  field  coils  or  stator  coils,  and  one  set  of  bearing  linings. 

Figures  24  and  25  show  motors  suitable  for  movable-bridge  service. 

The  following  data  should  be  included  in  the  specifications  for 
any  motor  needed  for  a  movable  bridge  in  order  to  furnish  the  basis 
for  an  intelligent  bid: 

(1)  The  character  of  the  current  (whether  alternating  current  or  direct 
current). 

(2)  The  voltage. 

(3)  The  frequency  (cycles)  and  number  of  phases  (if  alternating  current 
is  used). 

(4)  For  direct-current  motors,  the  type  of  winding  (whether  shunt  wound, 
series  wound,  or  compound  wound),  and  for  alternating-current  motors,  the 
type  of  rotor  (whether  squirrel-cage,  high-resistance  rotor  type,  or  wound- 
rotor  type). 

(5)  The  type  of  frame  (whether  open,  semiinclosed,  or  totally  inclosed). 

(6)  The  type  of  insulation  (whether  special  moisture-proof  insulation  need 
be  provided). 

(7)  The  rating  in  horsepower,  giving  the  basis  of  rating  in  terms  of  tempera- 
ture rise  and  duration  of  test  (for  example,  a  rating  of  40  horsepower  on  the 
basis  of  a  temperature  rise  of  50°  C.  for  30  minutes  when  subjected  to  the 
standard  tests  of  A.  I.  E.E.). 

(8)  The  speed  of  the  motor  in  revolutions  per  minute  at  full  load  and,  in 
case  of  alternating-current  motors,  the  synchronous  speed  as  well. 

(9)  The  full-load  torque,  the  maximum  starting  torque,  and  the  maximum 
running  torque  values. 

It  is  probably  well  to  provide  that  each  motor  shall  be  tested  at  the 
contractor's  expense,  and  at  the  manufacturer's  plant,  and  that  a 
certified  copy  of  the  results  of  such  tests  be  furnished  the  engineer  or 
purchaser. 

CONTROL  AND  INTERLOCKING  OF  OPERATIONS 

A  complete  control  system  for  any  movable  bridge  must  be  de- 
signed to  perform  several  separate  and  distinct  functions,  as  follows : 
(1)  The  regulation  and  control  of  the  power  plant  proper,  (2)  the 
proper  control  of  sequence  or  interlocking  of  the  various  operating 
steps,  and  (3)  the  safeguarding  of  the  structure  and  its  operating 
mechanism. 

The  first  functiton,  or  power-plant  regulation,  comprises  four  sepa- 
rate features — starting,  acceleration,  deceleration,  and  reversal.  The 
control  equipment  for  starting  must  be  such  as  to  effect  a  transference 
of  load  to  the  power  plant  without  undue  shock  or  jar,  and  without 
introducing  torques  or  load  currents  in  excess  of  those  for  which  the 
plant  is  designed.  Acceleration  and  deceleration  must  be  effected  at 
a  rate  necessary  for  safety  and  traffic  efficiency.  This  rate  is,  of 
course,  influenced  to  a  large  extent  hj  the  character  of  traffic  for 
which  provision  must  be  made. 

The  second  function  is  that  of  controlling  the  succession  of  opera- 
tions so  that  they  can  occur  in  only  one  predetermined  order. 

The  third  function  involves  safeguarding  the  structure  by  mechan- 
isms and  devices  such  as  limit  switches,  automatic  stops,  indicators, 
buzzers,  and  seating  devices,  so  that  the  various  portions  of  the  struc- 
ture are  protected  from  overload,  overtravel,  or  undue  impacts  and 
shocks  or  vibrations.  Each  of  the  above  functions  will  be  discussed 
in  detail. 
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Attention  is  called  to  the  appendix  at  the  end  of  the  bulletin  con- 
taining definition  of  terms  and  manufacturers'  specifications  for  vari- 
ous electrical  appliances. 

CONTROL  AND  REGULATION  OF  ELECTRIC  MOTORS 

The  regulation  of  electric  motors  includes  starting  compensation, 
speed  control,  reversal,  overload  protection,  and  protection  against 
excessive  acceleration. 

STARTING  COMPENSATION 

Starting  compensation  may  be  defined  as  the  means  employed  to 
counteract  the  tendency  toward  destructively  high  currents  in  the 
motor  during  its  initial  and  early  acceleration  from  a  point  of  rest. 
The  need  for  compensation  has  been  discussed  in  connection  with 
motor  characteristics.  Starting  compensation  may  be  said  to  be  the 
electrical  equivalent  of  a  friction  clutch — it  is  the  method  by  which 
the  load  is  eased  onto  the  motor  at  starting. 

Small  motors  of  either  direct-current  or  alternating-current  type 
do  not  require  starting  compensation  and  full-line  current  can  be 
applied  by  means  of  an  ordinary  switch.  As  the  duty  increases, 
compensation  at  starting  becomes  a  necessity  unless  the  size  of  the 
motors  in  comparison  with  the  load  be  greatly  increased.  It  must  be 
remembered  that,  aside  from  commutation,  starting  compensation 
is  only  necessary  to  protect  the  motor  against  excessive  currents, 
and  if  the  motor  windings  were  to  be  built  large  enough  to  withstand 
such  currents,  starting  compensation  could  be  dispensed  with.  Some 
of  the  larger  manufacturing  companies  are  now  building  motors 
of  rather  large  horsepower  which  have  been  designed  for  direct-line 
connection  at  starting.  However,  for  general  practice  in  movable- 
bridge  design,  the  following  rules  are  suggested. 

Motors  for  roadway  gates,  counterweight  pit  pumps,  and  other 
light  duty  may  be  directly  connected  to  the  line  at  starting.  Motors 
for  end  wedges  of  swing  spans,  tail  locks  of  the  toggle  type  for  bas- 
cule spans,  heavy  traffic  barriers,  bascule  center  locks,  or  other  like 
intermediate  duty  where  the  load  is  ordinarily  light,  but  due  to  a 
possible  jamming  or  sticking  of  the  mechanism  may  have  to  carry 
abnormal  loads  occasionally,  should  preferably  be  provided  with 
some  starting  compensation.  Motors  for  hoisting  or  swinging  the 
leaf  or  leaves  of  a  movable  span,  are  under  a  service  that  necessi- 
tates provision  of  this  character  in  all  cases  except  for  very  small 
structures. 

Starting  compensation  for  direct-current  machines  is  eifected  by 
a  j'eduction  in  the  voltage  or  by  interposing  resistance  in  the  arma- 
ture circuit  which  is  cut  out  in  successive  steps  or  stages  as  the 
motor  attains  speed.  Starting  compensation  for  alternating-current 
motors  is  effected  by  a  reduction  in  line  voltage  or  by  a  group  of 
resistance  steps  in  the  rotor  or  secondary  circuits.  (For  a  further 
discussion  see  p.  57.) 

SPEED   CONTROL  AND  REVERSAL 

Speed  control  of  direct-current  motors  is  effected  by  varying  either 
the  field  or  armature  currents  as  previously  explained,  while  in 
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alternating-current  motors  it  is  effected  by  varying  the  resistance  in 
the  rotor  or  secondary  circuits. 

Direct-current  motors  are  reversed  by  reversing  the  polarity  of 
the  armature  current  with  reference  to  the  field  current.  Alter- 
nating-current motors  (polyphase  induction  motors)  are  reversed 
by  reversing  the  phase  sequence  of  the  stator  coils. 

OVERLOAD  PROTECTION 


SERIES  COIL  C 


BALANCING 
RELAY  I P 


1         1*      SERIES  CO 


HOLDING  RELAY 


Ffl 


-f? 


COILE 


-^  HOLDING  RELAY  CIRCUIT 


START  BUTTON  RESET 


Figure    20. — Diagram    of    a    series 
with  electric  automatic  reset 


relay 


Motors  are  protected  from  overload  by  a  circuit  breaker  or  over- 
load relay  and  this  function  has  already  been  discussed.  These 
devices  are  wired  in  series  with  the  armature  circuit  of  direct- 
current  motors  and  in  series  with  the  stator  or  primary  circuit  of 
alternating-current  motors. 

There  are  several  general  types  of  overload  relays  in  common 
use.  In  one  type  the  relay  controls  a  latch  on  the  main  switch,  and 
when  the  latch  is  released  the 
switch  opens.  The  relays  them- 
selves can  reset  instantaneously,  but 
it  is  necessary  for  the  operator  to 
reclose  the  switch  manually.  This 
type  of  relay  is  applied  to  circuit 
breakers  or  switches  installed  on 
the  main  switchboard  in  the  in- 
coming line.  They  furnish  protec- 
tion to  the  circuit  as  a  whole,  but 
not  to  individual  motors  (if  there 
are  two  or  more  motors  on  the  line) , 
since  they  must  be  adjusted  for  the 
combined  load  of  all  connected  apparatus.  In  a  direct-current  cir- 
cuit or  single-phase  alternating-current  circuit  only  one  lead  wire 
need  be  opened  to  break  the  circuit.  For  a  3-phase  circuit  two  of  t"he 
leads  must  be  controlled  to  insure  against  the  possibility  of  a  motor 
operating  on  a  single  phase  with  one  of  the  leads  open. 

In  another  type  of  apparatus  a  pilot  circuit  operating  a  magnetic 
contactor  in  the  main  line  is  controlled  by  contacts  on  a  line  relay. 
This  type  of  apparatus  is  generally  installed  in  the  circuits  of  single 
motors.  In  some  installations  it  is  necessary  to  close  the  relay  con- 
tacts by  hand  or  by  a  magnetic  device  controlled  by  a  push  button 
located  at  any  desired  point.  Use  is  also  made  of  relays  which  open 
and  then  automatically  close.  While  the  auxiliary  circuit  is  momen- 
tarily open  the  power  supply  is  shut  off,  but  can  be  reconnected  by 
means  of  another  auxiliary  circuit  controlled  by  a  push  button  or 
other  reset  point. 

Figure  26  is  a  schematic  wiring  diagram  for  an  overload  relay 
with  electrical  automatic  reset  and  auxiliary  push-button  start  sta- 
tion to  protect  a  direct-current  motor.  The  breaker  circuit  is  nor- 
mally held  in  contact  at  point  A  by  means  of  the  balancing  or  reset 
relay  P  shunted  across  the  line.  When  the  current  in  the  power 
lead  reaches  a  certain  value  series  coil  C  exerts  a  pull  on  its  core  D 
sufficient  to  overcome  the  attraction  of  the  relay  P  and  opens  the  cir- 
cuit at  point  A.  This  deenergizes  magnet  coil  E,  opening  the  main 
power  circuit  at  F.  An  instant  later  (almost  instantaneously)  con- 
tact A  is  remade  (since  series  coil  C  is  deenergized  with  the  opening 


30 


TECHNICAL   BULLETIX 


DEPT.    OF    AGRICULTURE 


CROSSMATCHED  AREA  INDICATES 
OVERLOAD  CURRENT  PRODUCED 
BY  TOO  RAPID  ACCELERATION 


CURRE  >IT  LIMIT 


of  circuit  at  F),  but  this  instant  has  been  sufficient  to  open  up  the 
shunt  circuit  G-H,  ca,using  the  core  on  the  holding  relay  to  drop, 
opening  the  circuit  actuating  magnet  coil  E  at  K.  All  circuits  are 
reestablished  by  pressing  the  button  M. 

If  a  spring  is  attached  to  the  contact  arm  A  to  reestablish  contact 
when  coil  C  ceases  to  function,  the  arrangement  is  known  as  an 
automatic  spring  reset.  If  the  effect  of  gravity  is  substituted  for 
spring  tension,  the  type  is  known  as  the  automatic  gravity  reset 
type. 

PROTECTION  AGAINST  EXCESSIVE  ACCELERATION 

Where  successive  resistance  steps  are  cut  out  with  a  controller  or 
master  switch,  excessive  currents  will  be  induced  if  the  action  is 

too  rapid.  As  each  resistance  step 
is  cut  out,  armature  or  rotor  cur- 
rents increase,  causing  the  motor  to 
speed  up.  As  the  motor  speed  in- 
creases these  currents  drop  back  due 
to  the  increased  back  e.  m.  f.  in  the 
case  of  direct-current  motors  and  to 
the  decreased  slippage  of  the  rotor 
in  the  case  of  induction  motors.  In 
either  case  the  current  variation  as 
successive  resistance  steps  are  cut 
out  is  as  indicated  in  Figure  27.  If 
the  controller  or  master  switch 
handle  be  moved  over  at  just  the 
right  speed,  the  current  varia- 
tions may  be  kept  along  the  line 
ABCDEFGH.  If  this  handle  is 
thrown  over  toO'  rapidly,  however, 
the  current  variation  graph  assumes 
some  position  such  as  ABCIJKLH, 

Figure  27.— Effect  on   speed  and  current  resultiufif  in  an  CXCeSsive  Current, 
of  normal  and  rapid  reduction  of  start-        n^  •     i  •  i         i  • 

ing  resistance  lo    aviod   excessive    acceleration, 

it  is  advisable  to  install  in  the 
main  motor  circuit  (armature  circuit  of  direct-current  motors,  and 
either  the  rotor  or  stator  circuit  of  alternating-current  motors') 
current  limit  relays  which  operate  on  eacli  resistance  step  and  hold 
open  the  circuit,  cutting  out  the  next  resistance  step  until  the  power 
current  has  dropped  to  a  certain  predetermined  value.  These  relays 
are  quite  similar  in  general  construction  to  overload  relays  consist- 
ing of  an  electromagnet  in  series  with  the  armature  circuit  or  the 
rotor  or  stator  circuit. 

As  any  step  of  resistance  is  cut  out  the  power  current  steps  up. 
This  current  passes  through  the  relay  and  while  above  a  certain 
value  it  exerts  a  pull  against  the  relay  armature  or  core  sufficient 
to  open  an  auxiliary  circuit  which  is  wired  in  such  a  manner  that 
electromagnetic  controls  hold  open  all  additional  resistance  steps 
on  the  controller  or  master  switch.  No  matter  how  far  the  controller 
or  master-switch  handle  is  now  thrown  over,  no  further  resistance 
can  be  cut  out.     The  auxiliary  circuit  is  held  open  by  the  curi-ent- 
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<j><t>4)  !  TOO  RAPID  ACCELERATION 


TIME  AND  SPEED 


1  The  stator  currents  obviously  decrease  with  any  decrease  in  rotor  currents  due  to  the 
decreased  demagnetizing  effect. 


ELECTEICAL  EQUIPMENT   ON    MOVABLE   BRIDGES  31 

limit  relay  magnet  against  the  pull  of  a  spring  (or  a  weight  or 
another  relay  coil),  and  as  the  motor  speeds  up  the  power  current 
decreases  to  a  point  where  the  spring  overcomes  the  magnetic  attrac- 
tion and  the  relay  again  closes,  rendering  the  next  point  on  the  con- 
troller or  master  switch  available  for  cutting  out  another  resistance 
step.  As  the  next  step  is  cut  out  the  cycle  is  repeated.  Current- 
limit  relays  are  generally  adjustable  and  can  be  set  for  any  value 
of  current  within  the  range  for  which  they  are  designed. 

The  present  discussion  has  been  limited  to  an  outline  of  the  func- 
tions necessary  for  a  proper  regulation  and  control  of  motors.  Selec- 
tion of  equipment,  wiring,  and  arrangement  will  be  considered  later. 

CONTROL  OF  SEQUENCE  AND  INTERLOCKING  OF  OPERATIONS 

The  next  question  which  logically  presents  itself  is  that  of  con- 
trolling the  sequence  of  the  various  events  constituting  an  operating 
cycle.  As  these  events  are  somewhat  different  for  different  types 
of  movable  bridges,  the  discussion  must  be  segregated  by  types, 
each  of  which  will  be  discussed  in  brief  detail. 

DOUBLE-LEAF  BASCULE   BRIDGES 

A  complete  operation  cycle  for  this  type  of  structure  comprises 
the  following  events  which  should  be  performed  in  the  order  given. 

OiJeniiig : 

Operation  of  warning  signals  and  signs. 

Closing  of  remote  gates,  if  any. 

Closing  of  near  gates,  traffic  barriers  or  opening  of  derails. 

Unlocking  the  leaves. 

Opening  the  span. 
Closing : 

Closing  the  span. 

Locking  the  leaves. 

Raising  the  traffic  barriers,  near  gates,  or  closing  of  derails. 

Raising  of  remote  gates. 

The  warning  signals  may  be  sirens,  whistles,  and  bells  for  audible 
warning,  and  semaphores  and  lights  for  visual  warning.  The  bells 
and  sirens  may  be  operated  during  the  operation  of  the  gates,  or 
may  cease  before  the  gates  are  lowered.  In  general,  a  traffic  bell 
or  gong  ringing  during  the  operation  of  gates  is  not  objectionable, 
but  a  prolonged  siren  is  apt  to  drown  out  signals  from  the  river 
craft  so  that  it  is  perhaps  better  to  stop  the  siren  before  the  gates 
are  lowered.  The  traffic-bell  circuit  may  be  cut  into  the  gate  circuit 
so  that  it  is  impossible  to  operate  the  gates  until  the  traffic-bell  cir- 
cuit is  closed  and  the  traffic  bell  may  be  made  to  sound  during  the 
entire  operation  of  the  gates.  The  necessity  for  this  precaution  will 
depend  on  traffic  conditions.  Semaphore  arms  or  lights  may  be 
electrically  interlocked  so  that  they  must  be  set  to  danger  before 
the  gates  can  be  operated.  The  semaphore  can  be  arranged  to  close 
an  ordinary  door-type  switch  in  the  gate  circuit  when  the  semaphore 
is  in  the  warning  position.  The  traffic-light  circuit  can  be  arranged 
to  operate  a  relay  which  closes  the  gate  circuit  only  when  the  light 
circuit  is  energized. 

Semaphore  arms  and  traffic  lights  can  be  arranged  to  operate  on  a 
circuit  which  is  closed  the  instant  the  gate  moves  from  its  fully  open 
position.  Both  of  the  above  described  arrangements  are  indicated 
schematically  in  Figure  28.     This  diagram  shows  buttons  for  short- 
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circuiting  the  switches  controlled  by  warning  devices,  so  that  the 
gates  can  be  operated  when  there  is  a  failure  in  the  interlocked  cir- 
cuits. Interlocking  of  controls  serves  an  admirable  purpose,  but, 
carried  to  excess,  and  without  provision  for  cutting  out  the  various 
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FiGURH  29. — Wiring  of  controls  on  the  center-lock  motor 

steps  in  case  of  emergency,  it  may  cause  dangers  as  great  as  those 
it  is  intended  to  avoid. 

The  closing  of  near  gates,  traffic  barriers,  or  derails  should  not  be 
possible  until  the  remote  gates  are  closed. 

The  leaves  of  a  bascule  bridge  are  locked  together  in  their  closed 
position  by  a  center-locking  device,  and  in  addition,  tail  locks  are 
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sometimes  used.  These  devices  are  generally  operated  through  a 
master  switch  or  controller  which  should  be  arranged  so  that  they 
can  not  be  released  until  all  signals,  gates,  and  barriers  have  been 
properly  operated.     (Fig.  29.) 

The  main  leaves  are  generally  controlled  by  a  master  switch  which 
should  be  wired  through  a  contact  on  the  center  lock  which  is  closed 
only  when  the  center-lock  pin  is  fully  released ;  otherwise  a  careless 
operator  might  cause  serious  damage  by  attempting  to  raise  the 
leaves  before  they  were  unlocked.     (Fig.  30.) 


ALTERNATE  METHOD  ^       r- 

FOR  CENTER  -  LOCK  INTERLOCK^i^^ 


DRAW   LOCK 


CENTER -LOCK  MASTER  SWITCH 
CONTACT  ON  CENTER -LOCK  MASTER  SWITCH  MADE 
WHEN  HANDLE  »S  THROWN  TO  DRAW- LOCK  POSITION 

Figure  30. — Interlocking  of  main  motor  and  center-lock  pin 

In  closing  a  bridge  the  leaves  are  lowered  to  a  bearing  at  an  out- 
board or  live-load  shoe  at  the  stream  edge  of  the  abutment  and  at  a 
rear  bearing  or  anchorage.  (Fig.  29.)  At  either  of  these  points  a 
device  may  be  installed  to  complete  the  circuit  for  the  center-lock  or 
tail-lock  motors  in  the  "  drive  "  direction,  so  that  these  devices  can 
not  operate  in  that  direction  until  the  bridge  leaves  are  down,  fully 
seated,  and  correctly  aligned.  Whether  this  particular  interlocking 
is  essential  to  safe  operation  is  an  open  question.  If  this  interlock  is 
not  provided,  the  center  or  tail  locks  may  be  driven  while  the  bridge 
is  in  the  open  position.  This  in  itself  is  not  particularly  objection- 
able, since  the  main  motor  circuit  is  wired  so  as  to  be  inoperative 
except  for  those  devices  fully  open.  (Fig.  30.)  There  is,  however, 
danger  of  jamming  the  center  and  tail-locking  devices  by  trying  to 
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drive  them  with  the  leaves  not  fully  seated,  and  in  exact  vertical 
alignment  (except  for  certain  types  of  locks  designed  to  draw  the 
leaves  together  for  the  last  inch  or  so  of  their  movement).  If  it  is 
possible  to  operate  the  lock  pins  with  the  leaves  partly  open,  provision 
should  be  made  for  making  the  roadway  gates,  traffic  barriers,  etc., 
Inoperative  with  the  leaf  up ;  otherwise,  the  gates  and  barriers  can  be 
raised  (lock-pin  interlock  is  closed)  with  the  leaves  partly  or  fully 
open.  If,  on  the  other  hand,  the  contactor  for  the  gate  and  barrier 
circuits  is  operated  through  a  pair  of  contacts,  one  on  the  pin  and  the 
other  on  its  mating  seat,  then  the  leaves  must  be  seated  and  the  pins 
driven  before  the  barriers  and  gates  can  be  cleared  for  traffic. 
(Fig.  30.) 

Figure  31  is  a  diagram  of  a  centerlock  contact  for  a  barrier  or  gate 
motor  circuit.  If  the  two  contact  points  are  at  A  and  B  the  barrier 
circuit  can  be  energized  whenever  the  pin  is  driven  forward,  regard- 
less of  the  position  of  the  leaves  and  additional  interlocking  should 

be  provided  on  the  live-load  shoes 
/'°''"loTk  SOCKET  or  anchor  column.     If  the  contact 

'^  /^^^>1    ^  points  are  at  A  and  C  no  additional 

^   ^^^^^^>^  contact  on  the  leaves  are  necessary. 

^^^^^^^^>5,  If  the  gate  or  barrier  circuit  is 
interlocked  with  the  leaves,  but  not 
with  the  center  or  tail  lock,  it  is 
possible  to  carelessly  permit  traffic 
over  an  unlocked  span  and  thus 
produce  live-load  stresses  not  pro- 
vided for  in  the  design. 

The   sequence   of   the  remaining 
^'"""Juif  ,7S'a^r'r'S^?l."'grtSSS'^  ''"  operations    (movement  of  barriers, 

near  gates,  derails,  remote  gates, 
etc.),  is  controlled  by  arranging  each  circuit  so  that  it  is  open  until 
the  operations  which  should  precede  have  been  completed. 

Where  circuits  carry  only  low  power  as  in  the  case  of  gates  and 
signals,  the  control  switches  may  be  operated  direct,  but  for  high 
power  they  should  be  operated  magnetically  through  a  control  cir- 
cuit. (Fig.  30.)  As  an  example  of  an  incorrect  arrangement,  sup- 
pose that  contact  A  in  Figure  30  is  placed  on  the  centerlock  master 
switch;  then  if  the  roadway  gates  or  barriers  are  open,  the  circuit 
to  the  centerlock  motor  is  open  and  the  handle  on  the  centerlock 
switch  can  be  thrown  to  the  draw-lock  position,  but  the  pin  will  not 
be  drawn.  However,  this  removes  the  interlocking  on  the  circuit 
to  the  main  hoisting  motors.  With  such  an  arrangement  a  careless 
operator  might  cause  serious  damage. 

SINGLE-LEAF   BASCULE   BRIDGES 

The  sequence  of  operations  for  this  type  of  bridge  is  much  the 
same  as  for  the  double-leaf  type. 

Heavy,  positive-action  traffic  barriers  are  essential  as  the  open 
end  presents  a  traffic  danger  more  acute  than  in  the  case  of  the 
double-leaf  type  where  the  opened  leaves  act  as  effective  traffic 
barriers. 
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The  tail  lock  at  the  rear  end  of  a  single-leaf  bascule  may  be 
arranged  in  several  ways,  but  the  manner  of  interlocking  does  not 
differ  from  that  of  the  center  lock  or  tail  lock  of  a  double-leaf  span. 

SWING-SPAN  BRIDGES 

The  operating  cycle  of  a  swing  span  includes  the  following : 

Opening : 

Operation  of  warning  signals  and  signs. 

Closing  of  remote  gates. 

Closing  of  near  gates,  traffic  barriers,  and  opening  of  derails. 

Release  of  center  wedges,  if  any.^ 

Unlatching  of  span. 

Withdrawal  of  end  wedges. 

Opening  span. 
Closing : 

Closing  the  span. 

Closing  latches. 

Driving  of  center  wedges. 

Driving  of  end  wedges. 

Raising  of  traffic  barriers,  near  gates,  etc.,  and  closing  of  derails. 

Raising  of  remote  gates. 

Interlocking  of  the  various  steps  in  moving  a  swing  span  follows 
the  principles  which  have  been  outlined.  If  there  is  a  large  volume 
of  traffic  some  method  of  protection  in  addition  to  the  ordinary  road- 
way gate  is  almost  imperative. 

Center  wedges  are  used  on  center-bearing  swing  spans,  and  their 
function  is  that  of  a  pair  of  live-load  shoes  at  the  central  support. 
These  wedges  are  driven  to  a  snug  bearing  only  and  take  no  dead 
load.  Sometimes  they  are  mechanically  connected  with  the  end 
wedges  so  that  all  three  are  operated  simultaneously.  If  this  is  done, 
some  method  must  be  provided  to  prevent  overdriving  which  will 
make  them  hard  to  release.  If  the  center- wedge  system  is  separately 
operated,  it  should  preferably  be  interlocked  with  the  traffic  gates  and 
barriers,  to  prevent  a  release  of  the  center  wedges  with  the  roadway 
open  to  traffic.  This  would  expose  the  center  pivot  to  live-load  stress, 
and  allow  the  span  to  rock  laterals  under  traffic. 

The  end  wedges  must  also  be  interlocked  with  the  gate  and  barrier 
mechanism  or  else  live  load  over  the  span  with  the  wedges  released 
will  cause  hammer  at  the  supports  and  induce  excessive  chord  stresses. 
It  might  also  cause  severe  impact  stresses  in  end  floor  beams  and  hip 
vertical  truss  members. 

It  is  not  considered  necessary  or  advisable  to  interlock  the  latching 
device  with  any  other  device.  It  may  be  arranged  to  release  simul- 
taneously with  the  end  wedges  and  be  operated  by  the  same  mechan- 
ism or  it  may  be  operated  independently.  In  any  event,  unlatching 
the  structure  can  cause  no  harm.  If  the  wedges  are  driven  the  struc- 
ture is  stable  without  the  latch,  and  if  they  are  released,  the  end- 
wedge  and  center-wedge  interlocks  insure  that  the  traffic  gates  and 
barriers  have  been  properly  set. 

The  circuit  to  the  main  swinging  motors  should  contain  a  magnetic 
switch  controlled  b}^  a  circuit  interlocked  with  both  end  wedges  and 
center  wedges,  and  preferably  all  gates  and  barriers  as  indicated  in 
Figure  32. 

2  The  term  "  wedge  "  is  used  to  indicate  any  type  of  lifting  device  used  at  the  center  or 
end  supports  of  a  swing  span  regardless  of  the  mechanical  principle  upon  which  it 
operates. 
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When  the  span  has  been  swung  to  the  closed  position  and  the 
latches  released,  the  next  operation  is  the  driving  of  the  center 
wedges  and  end  wedges,  and  it  is  not  necessary  to  interlock  the  power 
circuit  actuating  these  mechanisms  with  the  span  movement.  In 
such  a  case  the  wedges  can  be  driven  when  the  span  is  open,  but 
the  main  motor  circuit  is  interlocked  with  the  end  wedges  and  the 
span  can  not  be  closed  under  poAver  until  the  wedges  are  drawn  and 
there  is,  therefore,  no  danger  of  swinging  the  span  against  a  driven 
wedge.  Tlie  omission  of  this  interlock  is  sometimes  a  convenience, 
as  the  wedges  can  be  driven  back  and  forth  for  inspection  while  the 
structure  is  over  the  draw  rest,  which  is  a  convenient  inspection 
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Figure  o2. — Interlocking  devices  controllin}?  wedge  motor  and  turning  motor 

point.  Of  course,  even  with  the  interlock,  this  same  operation  may 
be  performed  with  a  short-circuiting  button. 

The  circuits  actuating  all  gates,  barriers,  and  signals,  and  any 
derail  mechanism,  must  be  interlocked  so  that  the  roadway  will 
be  opened  only  after  the  wedges  are  fully  driven.  If  the  wedges 
are  not  interlocked  with  the  span  movement,  then  the  gate  and 
barrier  circuits  must  be  interlocked  with  the  span  itself  so  as  to 
become  operative  only  after  the  span  is  closed  and  seated.  Other- 
wise when  the  span  is  open  the  wedges  can  be  driven  and  all  gates 
and  other  roadway  protection  can  be  operated. 

Where  several  safety  operations  follow  each  other  in  sequence,  it 
is  sometimes  desirable  as  an  additional  precaution  to  double  or  cross 
interlock  the  remote  devices;  for  example,  interlocking  the  remote 
gate  power  circuit  (for  clearing)  with  both  the  traffic  barrier  and 
the  end  wedges;  thus  providing  two  interlocks,  either  of  which  will 
safeguard  the  operation. 
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Figure  32  is  a  scliematic  layout  for  the  main-motor  aiul  wedge- 
motor  interlocks  on  a  typical  swing-span  installation.  For  sim- 
plicity, the  center  wedge  has  been  omitted,  the  latches  are  assumed 
as  hand  operated  and  are  not  interlocked,  and  only  two  traffic  pro- 
tective devices  (an  arm  gate  and  a  vertically  moving  barrier  net) 
have  been  considered.  It  should  be  pointed  out  that  Figures  28  to 
82  are  not  wiring  diagrams,  but  merely  schematic  layouts  used  to 
illustrate  certain  general  principles  in  electric  interlocking.  Much 
of  the  detailed  circuit  wiring  has  been  omitted  for  the  sake  of  sim- 
plicity.    Complete  wiring  diagrams  will  be  discussed  in  later  pages. 

The  degree  to  which  a  swing  bridge  is  protected  by  means  of 
interlocking  and  other  protective  devices  from  mistakes  in  operating . 
is  a  factor  vitally  affecting  its  service  life.  For  example,  a  careless 
attempt  to  swang  an  unprotected  leaf  with  either  the  center  or  the  end 
wedges  driven  or  with  the  latch  bar  in  place  might  easily  result  in 
stalling  of  the  powder  plant,  burning  out  of  clutches,  stripping  of 
gears,  twisting  of  shafts,  damage  to  wedges,  shearing  of  latch  bar.  or 
overstress  in  the  lower  chord  of  the  span. 

Overdriving  of  the  end  wedges  must  be  safeguarded  against  by 
suitable  travel  limiting  devices  (p.  39),  otherwise  the  span  may  be 
raised  above  its  normal  position:  thus  tending  to  introduce  dan- 
gerous stress  revei-sals  in  some  of  the  truss  members,  or  injuring 
the  wedge-driving  mechanism.  Another  method  of  protection  is 
to  use  a  torque  current  relay  in  the  motor  circuit. 

Underdriving  the  wedges  results  in  a  difference  in  floor  elevation 
at  the  junction  of  fixed  and  movable  spans  which  causes  heavy  im- 
pact on  end  floor  beams,  and  hip  verticals.  It  also  tends  to  cause 
overstresses  in  various  chord  members  due  to  the  increased  canti- 
lever action. 

If  the  wedges  are  not  released  the  full  amount,  there  is  quite 
apt  to  be  an  interference  as  the  wedges  swing  off  their  pedestals 
and  pass  over  the  other  shoe.  As  the  wedges  swing  away  from  their 
supports  there  is  apt  to  be  a  slight  dropping  due  to  the  lost  motion 
in  the  guide  castings,  and  if  conditions  are  such  that  the  upper 
chords  are  at  a  materially  higher  temperature  than  the  lower  chords, 
the  normal  swinging  clearance  may  be  curtailed  to  such  a  degree 
that,  unless  the  wedges  are  fully  drawn,  the  inner  wedge  strikes 
the  outer  shoe  as  it  swings  around  and  over  it,  with  destructive 
effect  on  w^edges  and  serious  impact  stresses  in  the  truss  members 
proper. 

VERTICAL-LIFT   BRIDGES 

A  complete  operation  cycle  for  this  type  comprises  the  f ollow^ing : 

Opening : 

Operation  of  warning  signals,  signs,  lights,  etc. 

Closing   of   remote  gates. 

Closing  of  near  gates,  traffic  barriers,  and  opening  of  derails. 

Unlocking   the   span. 

Lifting. 
Closing : 

Closing  the  span. 

Locking  or   latching. 

Raising  of  near  gates,  traffic  barriers,  and  resetting  of  derails. 

Raising  or  clearing  of  remote  gates. 
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These  operations  are  interlocked  in  much  the  same  manner  as 
the  other  types  and  need  not  be  discussed  in  detail.  Sometimes 
the  span  locks  are  omitted,  in  which  case  the  main  hoisting  motors 
should  be  interlocked  through  the  roadway  signals. 

GENERAL  RULES  FOR  INTERLOCKING 

Each  interlocking  problem  is,  of  course,  more  or  less  of  an  indi- 
vidual one.  Traffic  density,  sight  distance,  and  other  factors  may 
modify  the  arrangement  of  details.  In  general,  however,  the  fol- 
lowing features  of  interlocking  are  necessary. 

(1)  Each  control  circuit  should  be  so  wired  that  the  prior  opera- 
•tion  must  be  actually  and  completely  performed  before  it  becomes 

operative. 

(2)  Interlocking  contacts  must  be  positive  in  action  and  so  located 
as  to  minimize  the  danger  of  short-circuiting  or  deterioration  from 
moisture,  ice,  or  mechanical  injury. 

(3)  Contacts  should  preferably  be  made  by  a  spring  or  snap 
device  rather  than  by  a  sliding  motion  in  order  to  avoid  sparking 
and  injury  to  contact  points  or  tips,  although  a  certain  amount  of 
wiping  motion  may  be  advantageous  in  tending  to  keep  the  contacts 
clean  and  bright. 

(4)  Make-and-break  contacts  for  interlocking  should  not  be  placed 
directly  in  a  heavily  loaded  power  line  but  rather  on  an  auxiliary  or 
control  circuit  wired  to  operate  a  magnetic  contactor  cut  into  the 
main  power  line. 

(5)  Cross  interlocking  of  operations  should  be  provided  wherever 
there  is  a  danger  due  to  the  possibility  of  a  failure  of  one  phase  of 
operation. 

(6)  Short-circuiting  buttons  or  switches  should  be  provided  to 
permit  operation  in  the  event  of  a  failure  of  any  portion  of  the 
interlocking  mechanism. 

(7)  In  general,  the  entire  interlocking  arrangement  should  be  as 
simple  as  possible,  compact,  sturdy,  protected  to  the  maximum  possi- 
ble extent,  and  so  designed  as  to  eliminate  as  far  as  possible  every 
conceivable  traffic  hazard  and  every  contingency  or  event  that  might 
expose  the  structure  to  undue  stress. 

PILOT  AND  INDICATING  DEVICES 

In  addition  to  the  interlocking  proper,  added  protection  may  be 
obtained  by  means  of  suitable  indicating  devices.  A  system  of 
lights  or  a  moving  indicator  should  be  provided  to  indicate  to  the 
operator  by  day  or  by  night  the  exact  position  of  the  leaves. 

All  circuits  to  roadway  traffic  lights  and  signs  and  navigation  sig- 
nals should  light  a  pilot  light  in  the  operator's  house  to  indicate 
whether  or  not  they  are  are  operating.  The  position  of  all  traffic 
gates,  roadway  barriers,  derails,  wedges,  and  center  locks  should  like- 
wise be  indicated  by  pilot  signals  or  other  satisfactory  devices. 

The  seating  of  the  leaves  of  a  bascule  span  should  be  indicated 
to  the  operator  by  a  buzzer  signal  controlled  by  contacts  which  are 
closed  when  the  structure  comes  to  rest  upon  its  live-load  bearing  or 
against  its  rear  anchorage  lug.  Such  an  arrangement  is  particularly 
useful  in  bringing  the  far  leaf  of  a  bascule  span  to  a  correct  seat 
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on  a  dark  or  foggy  night.  A  seating  indicator  is  desirable  but  not 
quite  so  necessary  with  the  other  types  of  movable  spans.  In  the 
case  of  a  swing  span,  a  latch-pin  contact  in  a  buzzer  circuit  will 
serve  this  purpose  and  be  distinctly  advantageous. 

PROTECTIVE  AND  TRAVEL  LIMIT  DEVICES 

Another  function  of  a  control  system  is  that  of  protecting  the 
structure  itself  and  its  operating  mechanism.  This  is  generally  ac- 
complished b}^  means  of  limit  switches  so  designed  as  to  cut  off 
power  from  the  motor  circuit  at  a  certain  selected  point  of  travel  of 
the  mechanism  protected.  These  limit  switches  may  also  be  arranged 
to  apply  brakes  where  necessary,  and  to  complete  circuits  of  pilot 
lights  indicating  the  position  of  the  mechanism. 

It  is  essential  that  a  main-leaf  limit  switch  be  provided  on  bascule 
and  lift  spans  at  both  the  upper  and  lower  portions  of  travel.  Gen- 
erally these  limit  switches  are  set  some  little  distance  from  the  actual 
extreme  upper  or  lower  limit.  When  it  is  necessary  to  operate  the 
structure  above  the  upper-limit  switch  a  short-circuiting  button 
makes  it  possible  to  put  power  to  the  span.  The  lower-limit  switch 
is  also  provided  with  a  short-circuiting  button  and  sometimes  with  a 
seating  button  by  means  of  which  the  structure  can  be  gently  seated 
under  power. 

It  is  not  particularly  necessary  to  provide  a  main-leaf  limit  switch 
on  swing  spans  as  the  span  will  do  no  damage  if  it  swings  past  its 
correct  position,  except  perhaps  to  shear  a  latch  pin,  and  this  danger 
is  generally  eliminated  by  other  means. 

Centerlocks,  taillocks,  wedges,  and  other  devices  are  generally  pro- 
vided with  limit  switches  at  one  or  both  limits  of  travel.  The  mech- 
anism of  commercial  roadway  gates  and  traffic  barriers  generally 
includes  a  limit  switch  which  not  only  cuts  off  current  but  automati- 
cally resets  the  contacts  for  reverse  movement.  All  of  these  features 
will  be  discussed  in  more  detail  later  on. 

The  question  of  control  has  been  discussed  in  a  rather  general 
manner,  avoiding  any  discussion  of  methods  and  appliances,  since 
it  appeared  advisable  to  present  a  general  picture  of  the  problem 
before  discussing  details.  The  following  pages  will  present  a  more 
detailed  consideration  of  the  question  and  the  last  portion  of  the 
bulletin  will  present  a  description  of  actual  wiring  diagrams  for  con- 
structed bridges. 

ELECTRICAL  INTERLOCKING  AND  CONTROL  ASSEMBLIES 

An  assembly  for  electrical  bridge  control  is  largely  a  specialized 
arrangement  of  standard  parts.  Solenoid  brakes,  circuit  breakers, 
overload  relays,  current-limit  switches,  magnetic  contactors — these 
and  other  like  devices  make  up  the  installation.  Most  of  these  devices 
are  standard  commercial  units  and  this  is  a  desirable  feature  of  elec- 
trical control.  There  are  many  instances  which  appear  to  call  for 
specially  designed  control  devices,  but  a  little  study  will  often  indi- 
cate that  a  special  arrangement  of  standard  equipment  will  be  ade- 
quate. In  the  paragraphs  which  follow  the  principal  items  of  equip- 
ment necessary  for  an  installation  will  be  briefly  described  and  a  few 


40        TECHNICAL   BULLETIN    2(5  5,    U.    S.    DEPT.    OF    AGRICULTUKE 

essential  points  with  reference  to  their  design  and  general  construc- 
tion will  be  discussed. 

TYPES  OF  ELECTRIC-CONTROL  SYSTEMS 

The  three  general  types  of  electric,\l-control  systems  are  manual, 
full  magnetic,  and  semimagnetic. 

In  the  manual-control  system  all  circuits  are  operated  directly  by 
hand  controls. 

With  magnetic  control  the  circuits  carrying  heavy  current,  such  as 
motor  circuits  and  brake  circuits,  terminate  on  a  magnetic  control 
board.     Magnetic  contactors,  as  shown  in  Figures  28  and  30,  are 

mounted  on  this 
board.  The  power 
circuits  and  other 
heavy  current  leads 
terminate  on  this 
board  in  one  or  more 
copper  contact  points 
such  as  at  B  in  Fig- 
ure 33.  These  con- 
tacts are  made  and 
broken  by  an  electro- 
magnet (fig.  33  A), 
which  is  actuated  by 
a  separate  control  cir- 
cuit extending  to  the 
operator's  station, 
and  terminating  in 
what  is  known  as  a 
master  switch. 

A  master  switch  of 
the  drum  type  (fig. 
34)  may  be  used,  or 
the  control  circuits 
may  be  operated  by 
push  buttons,  hand 
levers,  or  like  devices. 
The  advantages  of 
magnetio  control  are : 
(1)  The  elimination 
of  long  lines  carrying 
heavy  current  and 
requiring  large  wire, 
thus  effecting  a  sav- 
ing in  copper.  (2)  The  elimination  of  cumbersome  controlling  de- 
vices in  the  operator's  quarters.  The  circuits  necessary  for  the  opera- 
tion of  any  movable  bridge  are  numerous,  and  if  the  main  circuits 
are  all  extended  into  the  operator's  quarters  the  devices  for  control- 
ling them  occupy  considerable  space.  On  the  other  hand,  control 
circuits  may  be  operated,  at  least  in  part,  by  push  buttons  or  other 
devices  Avhich  are^more  economical  of  space.  (3)  The  magnetic  sys- 
tem is  safe  and  flexible  in  operation  and  lends  itself  more  readily  to 
interlocking. 


Figure  33. — A  typical  magnetic-contactor  oanel.  The  mag- 
net coil,  A,  is  wired  in  series  with  the  control  circuit 
and  attracts  its  armature  revolving  the  square  shaft,  U, 
in  its  bearings  and  making  the  main  contact,  B.  The 
blow-out  coils,  E,  create  a  magnetic  field  between  tlie 
sides  of  the  arc  chutes,  C,  stretching  out  the  arc  and 
rupturing  it  quiclcly  as  the  contactor  tips.  P>.  are  sepa- 
rated. The  braided  copper  strips,  F,  carry  the  current 
from  the  line  to  the  contactor  tiDS 
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The  cost  of  full  magnetic  control  is  somewhat  higher  than  that  for 
manual  control  owing  to  the  additional  cost  of  magnet  contractors. 
This  increased  cost,  however,  is  partly  offset  by  the  saving  in  copper 
by  dispensing  with  long  lines  carrying  heavy  currents. 

The  semimagnetic-control  type  is  a  compromise  between  the  two 
systems  of  control.  Some  of  the  power  circuits  are  opened  and  closed 
direct  from  the  operator's  station,  while  others  are  magnetically 
operated. 

A  S3^stem  of  full  magnetic  control  consists  of  a  main  switchboard, 
a  magnetic  or  remote-control  lx)ard,  and  an  operator's  control  board. 


Figure  34. — Typical  arrangement  of  mast<>r  switches  on  a  double-leaf  bascule  bridge. 
The  large  master  switches  control  the  leaves,  while  the  small  one  in  the  center  is 
for  center-lock  control.  Note  the  geared-type  vertical  master  switch  handles,  the 
forged  copper  fingers  and  arc  deflectors  shown  in  the  master  switch  interior.  A 
battery  of  indicator  lights  is  mounted  between  the  windows.  At  the  right  is  the 
emergency  hand-brake  lev«'r.  The  short-circuiting  buttons  for  the  leaf -limit 
switches  are  markid  "A" 


SWITCHPOARD  ASSEMBLIES 


The  main  switchboard  may  be  located  at  any  convenient  point  on 
the  structure.  It  is  generally  located  near  the  operator's  station  in 
order  to  have  the  meters  and  instruments  conveniently  accessible. 
The  main  power  circuits  must  run  from  the  main  switchboard  to  the 
remote-control  board,  and  thence  to  the  motors  or  other  appliances 
which  they  actuate.  These  two  boards  should  be  so  located  as  to  give 
a  convenient  arrangement  for  power  wiring.  The  circuits  from  the 
remote-control  board  to  the  operator's  bench  carry  only  low  power 
and  it  is  not  particularly  essential  that  tlie  operator's  station  be  close 
to  other  equipment.  If  the  main  switchboard  is  located  at  some  dis- 
tance from  the  operator's  station  and  if  it  is  desirable  that  certain  of 
the  instruments  (voltmeters,  ammeters,  and  the  like)  be  accessible  to 
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the  operator,  these  may  be  mounted  upon  a  separate  panel  and  placed 
near  the  operator's  station.  The  main  switchboard  should  have  space 
for  all  necessary  instruments,  switches,  circuit  breakers,  cut-outs, 
fuses,  and  other  apparatus,  and  each  device  should  be  easily  accessible. 
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Figure  35. — A  partial  view  of  a  typical  switchboard  installation  showing  method  of 
mounting;  and  labelling  circuit  breakers,  overload  relays,  ammeters,  voltmeters, 
knife  switches,  and  cartridge-type  fuses 


Controls  and  indicators  should  be  marked  with  permanent  labels 
covered  with  celluloid  or  other  similar  material.  Figure  35  shows 
a  portion  of  a  typical  switchboard  installation. 

In  general,  the  main  switchboard  should  have  the  following 
equipment : 
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(1)  A  suitable  circuit  breaker.  Oil-type  switches  are  used  for 
this  purpose,  with  provision  for  an  inverse-time-element "  overload 
release,  and  suitable  low-voltage  protection.  Carbon-type  circuit 
breakers  (3-pole  for  alternating  currrent  and  single-p)ole  for  direct 
current  are  also  used  for  this  purpose.  These  switches  are  placed 
on  the  incoming  line  (the  power  supply)  and  when  open  the  current 
is  cut  off  from  all  electrical  units.  The  current  rating  for  such  a 
switch  should  be  sufficient  to  cover  the  entire  power  demand. 

If  alternating  current  is  used  the  incoming  line  is  generally  pro- 
tected by  a  reverse-phase  relay  which  opens  the  main  power  circuit 
in  case  of  phase  failure  or  reversal.^ 

(2)  A  suitable  system  of  voltmeters  and  ammeters. 

(3)  A  system  of  inclosed  fuses,  preferably  of  the  cartridge  type 
for  the  protection  of  all  circuits. 

(4)  A  system  of  knife  switches  for  disconnecting  each  individual 
circuit. 

REMOTE    OR    MAGNETIC    CONTROL    BOARDS 


ii 


The  remote  or  magnetic  control  board  should,  in  general,  contain 
the  following  panels  (fig.  57)  : 

1)  A  line  switch  for  each  power  circuit. 
[2)  A  line  switch  for  each  control  circuit. 
(8)  Individual  disconnecting  switches  for  each  motor  circuit. 

(4)  A  system  of  overload  relays. 

(5)  A  system  of  current-limit  accelerating  relays. 

(6)  A  system  of  mechanically  interlocked  nuignetic  reversing 
contactors  for  each  group  of  reversible  motors. 

(7)  A  system  of  magnetic  contactors  for  each  of  the  solenoid 
brakes. 

(8)  A  battery  of  magnetic-accelerating  contactors  for  speed  con- 
trol and  starting  compensation. 

The  magnetic-control  board  should,  in  general,  be  located  as  near 
as  possible  to  the  main  motors  or  in  the  path  between  them  and  the 
mam  switchboard,  so  as  to  avoid  excessive  length  of  large  wire. 
Where  wedge  motors,  lock  motors,  and  similar  units  are  operated  by 
magnetic  control,  a  separate  magnetic-contacting  panel  may  be  in- 
stalled near  these  motors  or  the  panel  may  be  a  part  of  the  main 
magnetic-control  board.  Lock  and  wedge  motors,  in  general,  do  not 
need  any  devices  for  speed  control.  If  they  are  to  be  reversed,  a 
reversing  contactor  must  be  provided,  or  else  a  reversing  switch 
installed  on  the  operating  bench. 

In  general,  the  aggregation  of  individual  contactor,  switch,  and 
relay  panels  which  constitute  the  remote-control  board  should  be 

'  The  term  "  inverse  time  element  "  is  applied  to  an  arrangement  in  circuit  breakers  or 
overload  relays  which  limits  the  amount  of  current  which  can  be  carried  without  opening 
of  the  circuit  in  inverse  proportion  to  the  time  of  application.  This  is  accomplished  by  an 
oil  dashpot,  a  thermostatic  strip,  or  other  suitable  device.  As  an  illustration,  one  oil-type 
device  recently  used  is  rated  at  100  per  cent  (of  calibrated  current)  for  30  seconds  (with- 
out opening  circuit),  150  per  cent  for  7  seconds,  200  per  cent  for  3  seconds,  and  300  per 
cent  for  2  seconds. 

*  One  type  of  reverse-phase  relay  consists  of  a  set  of  series  coils  mounted  behind  a 
metal  disk.  The  normal  current  flowing  through  these  coils  produces  a  magnetic  field 
which  tends  to  turn  this  disk.  This  turning  torque  is  the  resultant  of  the  normal  3-phase 
torque,  and  a  single-phase  torque  which  acts  in  the  opposite  direction.  The  normal 
>3-phase  torque  is  the  greater  and  tends  to  hold  the  disk  against  a  metal  stop.  In  case  of 
phase  failure  or  phase  revei-sal,  the  tendency  to  rotation  is  reversed,  and  the  disk  rotates 
in  the  opposite  direction  tripping  a  contact  which  opens  the  line. 
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mounted  on  first -tj[uality  enameled  slate  or  ebony  asbestos  lumber 
not  less  than  II/2  inches  thick.  These  individual  panels  are  assem- 
bled and  secured  together  and  should  be  mounted  on  a  rigid  metal 
frame  so  located  as  to  be  readily  accessible  and  convenient.  Many 
remote-control  boards  are  not  located  a  sufficient  distance  from  the 
adjacent  wall  to  afford  sufficient  safety  to  the  operator.  The  cur- 
rents used  in  bridge  operation  are  heavy,  and  the  remote-control 


Figure  36. — An  interior  view  of  an  operator's  bench  or  board  showing  the  interior 
arrangement  of  master-switch  contacts  and  terminal  boards  and  binding  postsi  for 
control  circuits.  Note  the  master-switch  controls  and  the  small  brass  finger  levers 
for  controlling  auxiliary  circuits. 

board  is  a  place  of  danger.  There  should  be  sufficient  room  behind 
this  board  to  avoid  the  necessity  of  working  in  cramped  quarters, 
of  coming  in  contact  with  a  circuit  which  may  be  grounded  through 
the  adjacent  wall  and  its  structural  connections. 

Each  magnetic-control  board  should  be  equipped  with  one  or  more 
pilot  lights  mounted  at  convenient  locations  near  the  top  of  the  board 
and  lighted  at  all  times  except  when  the  board  is  completely  deener- 
gized.  The  line  switches  on  magnetic-control  boards  are  sometimes 
arranged  so  that  they  may  be  locked  in  the  open  position  with  a 
padlock.  The  lock-out  switches  are  not  needed  except  where  it  is 
necessary  for  the  operator  to  come  in  contact  with  electrical  circuits 
at  points  from  which  the  magnetic-control  board  is  not  visible. 


ELECTRICAL   EQUIPMENT   ON    MOVABLE    BRIDGES 


45 


In  some  cases  the  overload  and  current-limit  relays  on  the  remote- 
control  board  are  placed  in  inclosed  cases  and  locked  to  prevent 
imauthorized  persons  from  attempting  to  adjust  them. 

operator's  control  bench 

The  operator's  board  or  bench  (sometimes  called  a  manual)  gen- 
erally consists  of  an  assembly  of  the  master  switches,  starting 
switches,  push  buttons,  short-circuiting  switches,  and  any  other  ap- 
paratus for  the  control  of  the  leaf  or  leaves.  Figures  36, 37,  and  38  are 
typical     installations. 

The  operator's 
bench  is  generally 
equipped  with  a  sys- 
tem of  indicators  and 
lights  to  enable  him  to 
determine, at  any  time, 
the  position  of  the 
leaves,  center  and  end 
locks,  lifts  or  wedges, 
roadway  gates,  traffic 
barriers, and  other  like 
l)rotective  devices. 
Pilot  lights  to  indi- 
cate whether  the  vari- 
ous roadway  and  nav- 
igation  lights  are 
burning  may  be  lo- 
cated on  this  board,  or 
on  the  main  switch- 
board, or  on  a  sepa- 
rate board  convenient 
to  the  operator.  The 
lights  for  position  in- 
dication are  sometimes 
placed  in  an  indicator 
box  as  shown  in  Fig- 
ure 39. 


FiGiRE  o7. — Ah  exceptionally  compact  arrangement  of  an 
oi>era tor's  bench.  Note  the  eonvenien-t  mounting  of  am- 
meter and  voltmeter,  the  battery  of  indicator  lights,  the 
arrangement  of  .snap  switches,  the  position'  indicator, 
and  the  foot  pedal  for  "  shorting  "  the  leaf  limit  switches 


The  operator's 
bench  should  be  sub- 
stantially constructed 
of  sheet  metal  and 
located  at  the  point  which  will  give  the  greatest  degree  of  visibility 
of  both  roadway  and  waterway.  Each  switch  or  button  on  the  oper- 
ator's bench  should  be  suitably  marked  with  a  label  and  placed  under 
a  transparent  cover  securely  fastened  to  the  bench.  Sometimes  the 
drum  controllers  or  master  switches  are  mounted  against  the  inner 
edge  of  the  bench  as  shown  in  Figure  34,  and  in  other  cases  they  are 
arranged  as  shown  in  Figure  36. 

In  the  arrangement  shown  in  Figure  39,  the  position  of  the  leaves 
and  locks  is  indicated  by  the  flashing  of  a  series  of  lights.  Figure 
40  shows  a  plan  view  of  an  operating  bench  for  a  double-leaf  bascule 
bridge,  using  a  different  type  of  position  indicator.  Terminal  boxes 
for  all  connections  can  be  provided  beneath  the  bench  and  fuses  for 
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the  various  light  circuits  can  be  installed  there.  The  top  of  the 
bench  provides  space  for  the  necessary  short-circuiting  buttons  or 
levers  for  normal  operation.  If  it  is  desired  to  install  short-circuit- 
ing switches  for  cutting  out   any   of  the  interlocking  steps  over 


Figure  38. — Another  view   of  the   operator's  bench   shown  in   Figure   37. 
arrangement  for  indicating  the  position  of  the  leaves 
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Figure  39. — Signal  light  box  for  bascule-bridge  control 

a  period  of  time,  such  switches  should  be  placed  beneath  the  bench 
where  the^  can  be  locked. 

The  position  indicator  shown  in  Figure  38  consists  of  a  model  of 
the  two  bridge  leaves  mounted  in  a  glass-covered  recess.  A  small 
alternating-current  wound-rotor  motor  (either  single  phase  or  poly- 
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phase)  is  geared  direct  to  the  main  leaf,  and  a  similar  motor  is 
directly  connected  to  the  model.  The  rotor  circuits  of  these  two 
motors  are  connected  together  and  the  primaries  are  connected  to 
the  power  line.  Any  movement  of  the  leaf  is,  therefore,  transmit- 
ted to  the  model.  This  device  indicates  the  position  of  the  bridge 
leaves  quite  accurately  and  is  probably  somewhat  more  desirable 
than  a  battery  of  lamps.  Alternating  current  is  required  for  its 
operation.  One  manufacturer  of  this  device  states  that  it  is  not 
as  satisfactory  as  the  dial-type  indicator  shown  in  Figure  40. 


FiGURK  40. — Plan  view  of  operator's  bench  for  a  double-leaf  bascule  bridge,  with  a 
dial  type  position  indicator 

MAGNETIC  CONTACTOR  DETAILS 

Magnetic  contactors  are  used  for  the  following  purposes: 
For  cutting  out  resistance  steps  in  armature  and  rotor  circuits; 
for  opening  and  closing  motor  circuits,  and  reversing  the  direction 
of  current  through  motor  windings;  for  operating  brake  circuits 
and  other  auxiliary  devices;  and  for  overload  and  current-limit 
protection. 

There  is  a  standard  commercial  product  suitable  for  each  of  these 
types  of  service.  Figure  33  shows  the  general  arrangement  of 
these  contactors  on  a  magnetic-control  board.  It  will  be  noted 
that,  in  general,  the  main  contacts  are  protected  by  means  of  arc 
schutes  and  magnetic  blow-out  coils  ^  (although  simple  arc  barriers 
are  sometimes  used  on  the  lighter  types),  and  are  made  and  broken 

^  The  magnetic  blow-out  coil  is  based  on  the  principle  that  any  conductor  carrvinj?  cur- 
rent and  in  a  magnetic  field  is  subjected  to  forces  which  tend  to  deflect  it  from' its  posi- 
tion. If  this  particular  conductor  happens  to  be  an  arc  formed  when  two  contact  points 
are  separated  while  carrying  current,  the  same  law  obviously  holds.  If.  therefore,  the 
contact  tips  B  (Pg.  33)  are  placed  in  a  magnetic  field  produced  bv  the  blow-out  coils.  E, 
the  arc  formed  when  the  tips  separate  will  be  bent  upwards  (if  the  polarity  of  the  magnet 
coil  is  properly  selected)  and  stretched  out  to  a  rapid  rupture,  thus  protecting  the  con- 
tacts from  disintegration.  The  polarity  of  the  magnetic  field  must  be  such  as  to  blow  the 
arc  away  from  the  contacts  and  not  into  them. 
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by  the  inoveineiit  of  a  square  shaft  which  is  revolved  in  its  bearing  by 
the  pull  of  an  electromagnet  wound  in  series  with  the  control  circuit 
for  that  particular  panel.  (Fig.  33.)  There  are  a  number  of  points 
in  connection  wath  the  selection  of  these  contactors  which  should  be 
borne  in  mind,  as  follows : 

(1)  The  contact  tips  should  be  of  solid  copper. 

(2)  All  contact  tips,  arc  schutes,  coils,  si)rings,  shunts,  and  like 
details  should  be  interchangeable  where  practicable. 

(3)  All  magnet  coils  should  be  impregnated  with  a  moisture 
proofing. 

(4)  The  contact  tips  should  come  together  with  a  certain  amount 
of  wiping  motion  in  order  to  keep  them  bright  and  clean. 

(5)  Ke versing  contactors  should  be  mechanically  interlocked  so  as 
to  prevent  the  closing  of  one  circuit  until  the  circuit  in  the  reverse 
direction  has  been  opened.  Figure  33  shows  a  mechanical  locking 
bar  used  with  this  type  of  contactor. 

(6)  Large  flexible  copper  shunts  should  be  used  to  carry  current 
around  the  bearings. 

(7)  Each  contactor  should  be  provided  w^ith  a  spare  operating 
coil  and  a  spare  set  of  contacts. 

It  is  sometimes  considered  advisable  to  provide  contactors  with 
two  separate  line  contacts  arranged  to  operate  in  sequence  so  that  if 
one  "  freezes  "  due  to  short-circuiting,  the  other  is  free  to  open  the 
line.  These  contactors  are  generally  wired  to  a  push  button,  and 
when  the  double  line  contactor  is  used,  the  push  button  is  so  arranged 
that  it  can  not  be  made  to  close  the  open  contactor  until  the  "  frozen  " 
contactor  has  been  pried  loose. 

MASTER  SWITCH  DETAILS 

The  Electric  Power  Club  defines  the  term  "  master  switch  "  as  fol- 
lows :  "A  device  or  group  of  devices  w^hich  serve  to  govern  the  opera- 
tion of  contactors  or  auxiliary  devices  of  an  electric  controller."  This 
organization  also  defines  the  term  "  manual  controller  "  as  follows : 
"A  controller  having  all  of  its  basic  functions  performed  by  hand." 
The  term  master  switch  may  therefore  be  considered  as  including 
such  devices  as  hand  levers,  push  buttons,  or  any  other  device  used 
to  open  or  close  an  electrical-control  circuit.  It  also,  of  course,  in- 
cludes the  standard  drum-type  master  switch  show^n  in  Figure  34, 
which  is  the  device  to  which  the  term  master  switch  is  generally 
applied.  The  drum-type  manual  controller  is  much  the  same  in 
general  construction  as  the  drum-type  master  switch  except  that  it 
is  designed  for  heavy  currents. 

The  drum-type  master  switch  should  be  equipped  with  a  large, 
easily  gripped  handle  and  fitted  with  a  latching  device  to  prevent 
accidental  reversing  of  the  motor,  and  a  star  wdieel  or  pawd  to  indi- 
cate when  the  switch  has  been  thrown  to  any  particular  point  and  to 
insure  a  positive  contact  at  each  point.  Manual  controllers  and 
master  switches  handling  heavy  currents  are  generally  equipped  w4th 
arc  schutes  and  magnetic  blow-out  coils  w^hile  for  lighter  service  arc 
barriers  are  placed  betw^een  adjacent  contact  points  to  prevent  arcing. 
Contacts  are  generally  made  by  forged  copper  fingers  against  copper 
segments.  The  fingers  and  running  segments  should  be  easily  renew- 
able, adjustable  for  alignment  and  pressure,  and  the  contact  should 


ELECTRICAL  EQUIPMENT  ON   MOVABLE   BRIDGES  49 

have  a  wiping  or  sliding  motion  to  insure  clean  surfaces.  The  oper- 
ating shaft  should  be  designed  to  eliminate  the  danger  of  any  slip- 
page or  turning  of  contacts  on  the  shaft,  and  the  entire  construction 
should  be  rigid,  well  insulated,  and  protected  from  dust  or  mechani- 
cal injury.  Master  switches  used  to  operate  the  main  hoisting  and 
turning  motors  are  placed  adjacent  to,  or  as  an  integi^al  part  of  the 
operator's  bench,  and  are  wdred  to  the  magnetic-control  board. 

In  general,  the  master  switch  should  be  arranged  to  furnish  for 
each  direction  (forward  and  reverse)  one  drift  point,  or  point  at 
which  all  electrically  operated  brakes  are  released  with  the  motors 
idle.  The  second  point  each  way  starts  the  hosting  or  swinging 
motors,  and  the  additional  number  of  power  points  must  be  sufficient 
to  operate  the  bridge  from  a  position  of  rest  to  an  acceleration  such 
as  will  open  the  span  in  the  specified  time  without  shock  or  jar.  In 
general,  master  switches  should  be  equipped  with  auxiliary  contacts 
which  are  wired  in  such  a  manner  as  to  render  it  impossible  to  start 
the  motors  or  release  the  brakes  once  the  push-button  circuit  has  been 
broken,  without  first  moving  the  master-switch  handle  back  to  the 
drift  point,  or  perhaps  the  first  power  point.  This  device  is  known 
as  a  "  master-switch  reset,"  and  is  generally  wired  through  circuit 
breakers  and  other  protective  devices.  The  necessity  for  such  pro- 
tection is  obvious.  If,  due  to  an  overload  or  for  any  other  reason, 
power  should  be  cut  off  with  the  master-sw^itch  handle  on  a  forward 
notch  of  power,  a  reestablishment  of  power  through  any  of  the  reset 
devices  (such,  for  example,  as  the  start  push  button),  would  cause 
current  to  flow  through  the  motors  with  several  steps  of  starting 
resistance  cut  out. 

RESISTORS 

The  variable  resistance  which  is  used  for  rotor  and  armature  cir- 
cuits is  generally  of  the  standard  cast -grid  tj^pe  consisting  of  cast 
zigzag  metal  grids  mounted  on  an  insulated  frame  (fig.  41),  although 
the  edge-wound  resistor  consisting  of  a  flat  alloy  ribbon  spirally 
wound  on  edge  about  an  insulated  core  is  sometimes  used.  The 
resistors  are  so  wired  as  to  be  cut  out  in  successive  steps  by  the 
magnetic  accelerating  contactors  mounted  on  the  remote-control 
board  which  contactors,  in  turn,  are  actuated  by  control  circuit  con- 
tacts made  on  the  various  points  of  the  master  switch.  The  current 
capacity  of  the  resistors  should  be  ample  for  the  maximum  possible 
on  each  particular  step. 

Resistances  used  for  regulating  the  field  of  direct-current  motors 
(field  rheostats)  ma}^  be  of  the  coil  type  (coils  embedded  in  a  special 
cement  of  suitable  thermal  conductivity  and  insulating  properties) 
but  all  armature  or  rotor  resistors  should  be  of  the  cast-grid  or 
edge-wound  type. 

All  resistors  should  be  of  adequate  current-carrying  capacity,  or 
they  will  heat  to  a  point  sufficient  to  constitute  a  fire  hazard  and  even 
to  a  point  sufficient  to  cause  the  units  themselves  to  be  twisted  or  bent 
out  of  shape. 

The  resistors  should  operate  under  conditions  constituting  the 
most  extreme  continuous  cycle  of  duty  without  heating  to  a  tempera- 
ture above  250°  C. 

64559°~31 4 
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Figure  41, — Typical  magnetic  or  remote-control  board.  The  grid-type  resistors  have 
been  located  directly  beside  the  control  board  in  a  suitable  inclosure  (marked  "A"). 
The  reversing  contactors  are  mechanically  interlocked  as  shown  at  B 
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It  is  probably  advisable  to  specify  a  resistor  capacity  sufficient  to 
withstand  at  least  five  successive  operating  cycles  without  heating  to 
a  point  above  250"  C,  the  motors  being  accelerated  at  their  normal 
rate.  For  structures  under  an  exceptionally  heavy  operating  sched- 
ule it  may  be  advisable  to  specify  resistors  rated  for  continuous  duty 
on  any  notch  of  power. 

SOLENOID  BRAKES 

Solenoid  brakes  derive  power  tlirough  the  attraction  or  repulsion 
of  an  iron  core  placed  inside  a  coil  carrying  current.  The  current 
in  the  coil  creates  a  magnetic  field,  and  also  an  induced  magnetic 


Figure  42.^ — Gravity-type  solenoid  brake.  Note  tbe  shock-absorbing  springs  at  A.  the 
automatic  air-gap  adjustor  at  I>.  the  automatic  adjustment  for  brake  shoes  at  C,  the 
small  brake  wheel  and  the  thickuess  of  the  brake-shoe  lining.  Torque  may  be 
adjusted  by  varying  the  position  of  the  pins  connecting  the  lever  system  to  the 
brake  shoes  at  D 

polarity  in  the  iron  core.  If  the  current  in  the  coil  is  reversed,  the 
magnetic  field  is  reversed,  but  the  polarity  of  the  core  is  also  reversed 
so  that  the  pull  or  attraction  of  the  core  remains  fixed  in  direction. 
Thus  solenoids  may  be  used  with  either  direct  or  alternating  current. 

Two  types  of  solenoid  brakes  are  manufactured — disk  brakes  and 
band  brakes.  The  disk  brake  is  generally  a  half -torque  brake  and  is 
used  principally  to  check  the  momentum  of  motor  armatures  and 
other  rotating  parts  and  to  hold  them  in  a  fixed  position  when  the 
motor  is  not  in  operation.  The  band  type  of  solenoid  brake  is 
usually  used  on  movable  bridges,  and  the  general  arrangement  is 
indicated  in  Figures  42  and  43. 

Solenoids  excited  by  alternating  current  are  generally  wound  for 
single-phase  operation.  For  direct  current  the  brakes  may  be  wound 
either  in  series  or  as  a  shunt  (if  a  drift  point  is  to  be  provided,  shunt 
winding  must  be  used).     The  brake  mechanism  consists  of  a  series 
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of  levers  which  tighten  a  pair  of  brake  shoes  bearing  against  a  metal 
brake  wheel.  The  outer  end  of  this  series  of  brake  levers  is  con- 
nected to  a  rod  or  rods  supporting  the  core  of  a  solenoid.  When 
current  is  applied  to  the  circuit  the  solenoid  attracts  this  core,  pull- 
ing it  up  and  releasing  the  brakes.  When  current  is  interrupted  the 
core  drops  and  brakes  are  applied.  The  force  applying  the  braking 
pressure  may  consist  of  the  weight  of  the  solenoid  core  (gravity-set 
type,  fig.  43)  or  it  may  be  derived  from  a  coil  spring  (spring-set 
type,  fig.  44).     Brakes  placed  in  a  horizontal  position  may  be  of 


Figure  43. — One  type  of  sprinjr-set  solenoid  brake.  This  type  is  suitable  for  use  where 
the  braking  device  moves  through  a  vertical  angle  during  the  operation  of  the 
span.  Another  and  more  common  typ<'  of  spring-set  brake  uses  a  heavy  coil  spring 
in  connection  with  a  horizontal  rod  connecting  the  brake-shoe  levers  across  the  top, 
the  spring  being  held  in  the  release  position  by  the  solenoid  core 

either  type  (the  spring-set  type  is  somewhat  easier  on  machinery), 
but  brakes  mounted  on  a  movable  portion  of  the  leaf  which  will 
swing  through  a  vertical  angle  must  be  of  the  spring-set  type. 

Some  solenoid  brakes  are  made  so  as  to  apply  only  one  value  of 
braking  pressure  for  each  setting  of  weight  levers  or  spring  pressuie. 
This  type  is  most  frequently  used  for  bridges.  The  multiple-magnet 
type  is  arranged  so  that  one  or  more  magnets  may  be  excited,  thus 
giving  two  or  more  values  of  braking  pressure  or  torque  for  each 
adjustment. 

There  are  a  number  of  advantages  claimed  for  the  spring-set  brake, 
as  follows:  More  uniform  and  gradual  application  of  braking 
torque ;  a  simpler  method  for  torque  and  air  gap  adjustment  (both  of 
these  adjustments  in  the  spring-set  type  being  capable  of  accom- 
plishment by  means  of  a  series  of  nuts  on  the  connecting  rod) ;  the 
ability  of  the  brake  to  operate  in  any  position ;  and  the  fact  that  the 
brake  will  operate  even  if  mounted  considerably  out  of  line. 


ELECTRICAL.  EQUIPMENT   ON    MOVABLE   BRIDGES  53 

The  following  points  should  be  considered  in  selecting  solenoid 
brakes : 

(1)  The  braking  mechanism  should  preferably  be  adjustable  for  a 
range  of  torque  values  varying  by  30  per  cent  or  more  each  way  from 
the  mean. 

(2)  The  brake  wheel  should  be  a  small  as  practicable  to  reduce 
the  inertia. 

(3)  The  brake  shoes  should  be  lined  with  compressed  asbestos 
material,  or  other  material  not  affected  by  heat  or  moisture. 

(4)  The  brake  shoes  should  be  adjustable  for  wear.  Figure  42 
shows  a  method  by  which  this  adjustment  is  made  automatically. 
There  should  also  be  an  automatic  device  to  insure  a  constant  mini- 
mum air  gap  in  the  solenoid  as  the  brake  shoes  Wear.  A  device  of 
this  kind  is  shown  in  Figures  42  and  43. 

(5)  The  mechanism  should  be  so  designed  as  to  minimize  the 
shock  when  the  solenoid  core  is  attracted.  This  is  sometimes  done 
with  springs.  One  company  manufactures  a  brake  with  a  floating 
top  core  to  accomplish  this  purpose. 

(6)  The  solenoids  themselves  should  be  well  ventilated  and  cov- 
ered w^ith  a  moisture-proof  compound. 

(T)  All  brakes  should  be  provided  with  a  hand  release  for  use  in 
case  of  power  failure. 

(8)  Brakes  w^hich  operate  on  the  main  hoisting  motors  of  bascule 
spans  should  be  equipped  with  some  means  for  absorbing  the  shock 
when  the  brakes  are  applied  suddenly.  Coil  springs  interposed  be- 
tween the  solenoid  core  and  its  frame  are  sometimes  used.  One  com- 
pany uses  an  oil  dashpot  on  the  larger  sizes  of  their  brakes  for  this 
purpose.  This  dashpot  is  single  acting  in  the  down  direction,  pre- 
vents rebound,  and  absorbs  a  considerable  amount  of  the  shock  and 
jar  incident  to  the  application  of  the  brakes.  These  dashpots  are 
adjustable  and  can  be  used  to  produce  variable-time  application 
braking  if  so  desired. 

Each  brake  should  be  large  enough  to  develop  a  mean  braking 
torque  of  not  less  than  140  per  cent  of  the  full-load  torque  of  the 
motor  if  it  is  mounted  on  the  motor  shaft  and  not  less  than  120 
per  cent  of  the  full-load  torque  of  any  other  shaft  on  which  it  may 
be  mounted. 

Solenoid  brakes  for  main  motors  should  be  controlled  by  magnetic 
contactors  so  wired  that  the  brakes  are  released  only  when  the  con- 
tactor circuit  is  closed.  This  release  circuit  is  generally  wired 
through  the  master  switch,  the  limit  switches,  and  auxiliary  contacts 
in  connection  with  the  start  and  stop  push-button  circuits  in  such 
a  manner  that  the  relay  circuit  is  open  and  the  brake  applied  under 
the  following  conditions : 

(1)  When  the  span  runs  through  the  limit  switch  at  either  end 
of  its  travel. 

(2)  When  the  master  switch  is  in  neutral. 

(3)  When  the  auxiliary  push-button  circuit  is  open  at  the  stop 
button. 

(4)  When  any  overload  relay  has  been  opened. 

(5)  When  any  of  the  roadway  gates,  traffic  barriers,  and  other  like 
ilevices  are  not  in  proper  position  for  the  bridge  to  open. 
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(6)  When  the  center  locks  or  end  wedges  have  not  been  released, 
or,  in  general,  when  any  of  the  operations  which  should  precede  the 
hoisting  or  swinging  of  the  bridge  have  not  been  performed. 

Ordinarily,  motors  driving  auxiliary  devices  such  as  lifts  and  locks 
are  not  equipped  with  solenoid  brakes,  but  they  are  desirable  in  driv- 
ing heavy  wedges  or  other  lifting  devices.  In  cases  where  they  are 
used,  they  are  generally  wired  so  as  to  be  controlled  Iw  the  limit 
switches  which  cut  off  power  to  the  particular  device. 

It  is  sometimes  advisable  to  supplement  the  motor-mounted  brakes 
with  brakes  on  one  or  more  of  the  shafts  on  the  gear  train.  The  re- 
quirements for  these  brakes  are  the  same  as  for  motor-mounted 
brakes.  They  are  controlled  by  a  magnetic  contactor,  which  in  turn 
is  controlled  by  start  and  stop  push  buttons,  or  a  system  of  hand 
levers  conveniently  located  on  the  operator's  bench. 

LIMIT  SWITCHES 

Moving  parts  which  may  be  damaged  by  movement  beyond  a  cer- 
tain point,  should  be  protected  by  limit  switches.  Bascule  and  verti- 
cal lift  spans  should  be  protected  at  both  the  lower  and  upper  limits 
of  travel  of  the  span.  Limit  switches  are  not  absolutely  necessary  on 
swing  spans,  but  they  are  sometimes  installed  in  order  to  prevent  too 
rapid  closing  with  a  possible  danger  of  shearing  latch  pins  or  a  de- 
structive impact  between  pedestals  and  superstructure  in  case  wedge 
clearances  are  insufficient  as  sometimes  happens  during  critical  tem- 
perature periods. 

There  are  several  types  of  limit  switches  on  the  market.  Figure  44 
shows  a  type  frequentty  used  on  bascule  bridges.  A  long  pinion  is 
geared  through  an  intermediate  gear  to  a  wheel  which  travels  longi- 
tudinally on  a  stationary  screw.  The  surface  of  these  traveling- 
wheels  is  perforated  for  the  attachment  of  lugs  which  trip  switches 
or  contacts.  The  long  pinion  is  connected  with  the  main  power 
mechanism  of  the  bridge  and  the  lugs  can  be  set  to  trip  the  switches 
at  any  desired  point  of  bridge  travel. 

Figure  45  shows  a  limit  switch  of  the  drum  type  which  operates  on 
much  the  same  principle  as  the  drum-type  master  switch  or  con- 
troller.    Figure  46  shows  other  types  of  switches. 

Limit  switches  can  be  arranged  in  many  different  ways.  In  the 
majority  of  cases  commercial  devices  can  be  used  as  manufactured 
or  in  special  cases  they  can  be  assembled  from  standard  units. 

The  contacts  on  limit  switches  should  preferably  be  snap  or  spring 
contacts.  Sliding  contacts  as  illustrated  in  Figure  45  are  apt  to 
become  dirty  and  cause  sparking  or  flashing  over. 

The  main-leaf  limit  switch  for  bascule  and  vertical-lift  spans 
should  be  provided  with  a  set  of  contacts  for  opening  the  main 
motor  circuits  and  another  set  for  applying  the  solenoid  brakes  at 
or  near  the  upper  limit  of  travel.  In  some  cases  the  same  contacts 
are  used  for  both  purposes,  but  it  is  better  practice  to  allow  a  short 
period  of  drift  between  cutting  off  the  motor  and  applying  the 
brakes.  Similar  contacts  are  also  required  to  control  the  movement 
at  or  near  the  lower  limit  of  travel. 

In  addition  to  these  main  contacts,  it  is  desirable  that  certain  con- 
tacts for  interlocking  be  provided.  The  main  limit  switch  may 
be  arranged  to  make  a  contact  in  the  control  circuit  for  center 
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locks  or  tail  locks  when  the  span  is  at  the  extreme  lower  limit  of 
travel  so  that  these  devices  can  be  operated  only  when  the  bridge  is 
closed.  A  shorting  button  can  be  provided  for  use  when  it  is 
desired  to  operate  these  devices  with  the  span  partly  open  for  inspec- 
tion and  adjustment.  Road w^ ay  gates  and  barriers  may  also  be  inter- 
locked through  this  limit  switch  if  desired.  Where  limit  switches 
are  provided  on  swing  spans  the  end  wedges  may  be  interlocked 
with  the  main  leaf  by  an  auxiliary  contact  on  the  leaf  limit  switch 
which  keeps  the  wedge-control  circuit  open  except  when  the  bridge 
is  fully  closed. 

Limit  switches  should  be  adjustable  so  that  the  exact  points  at 
which  motor  circuits  are  broken  or  brakes  applied  maj  be  shifted 
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Figure  44. — Limit  switch  of  the  trnvelinK-nut  type  for  main-leaf  control.  The  lugs, 
A,  mounted  on  the  traveling  wheel^!,  B,  trip  the  spring  snap  switches,  C,  at  certain 
predetermined  points  during  the  movement  of  the  leaf,  making  and  breaking  cir- 
cuits for  control  and  indicator  lights. 

to  different  positions  of  travel.  The  contacts  controlling  motor  cir- 
cuits and  brake  circuits  should  be  entirely  independent  of  each  other, 
so  that  the  duration  of  the  drift  period  may  be  adjusted  to  suit 
conditions.  Short-circuiting  devices  must  be  provided  for  the  main- 
leaf  limit  switches  as  otherwise  it  would  be  impossible  to  operate 
the  span  beyond  the  cut-off  point. 

Short-circuiting  devices  should  have  a  spring  action  so  that  they 
will  remain  open  except  when  held  closed  by  the  operator.  In  some 
cases  short-circuiting  devices  on  limit  switches  have  been  actuated 
by  means  of  foot  pedals.  (Fig.  37.)  This  is  not  altogether  de- 
sirable because  the  operator  may  stand  on  the  pedal  while  operat- 
ing the  bridge,  thus  cutting  out  all  limit-switch  protection.  Many 
operators  grow  increasingly  careless  as  they  become  more  adept  at 
operation.     They  pride  themselves  on  their  ability  to  seat  the  leaves 
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under  power  without  jar  or  shock,  and  if  short-circuiting  switches 
are  too  conveniently  arranged  they  will  feel  that  their  skill  makes 
it  unnecessary  to  use  the  limit  switches. 


Figure  45. — Limit  switchos  of  the  iins:-drum  typo 

The  main-leaf  limit  switch  should  be  arranged  to  open  and  close 
circuits  for  the  various  signal  and  pilot  lights  used  to  indicate  the 
position  of  the  leaf  or  leaves,  unless  a  position  indicator  is  used. 
Light  indicators  should  show  when  the  bridge  is  closed,  nearly 
closed,  nearly  open,  and  fully  open. 
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Control  circuits  operating  motors  for  wedges  (fig.  47),  locks, 
and  lifts  should  be  wired  through  limit  switches  in  every  case  where 
it  is  necessary  to  safeguard  against  overtravel.  Limit  switches  for 
these  devices  should  preferably  be  arranged  to  open  the  power  cir- 
cuits at  the  limit  of  travel,  and  also  reset  the  contacts  for  reverse 
motion. 

MOTOR  STARTING  SWITCHES 

Some  of  the  devices  used  for  throwing  electric  motors  on  to  the 
line  have  already  been  discussed.  Devices  used  for  this  purpose 
will  now  be  briefly  described. 

The  ordinary  line  switch. — This  may  be  a  push  button  or  an 
ordinary  knife  switch  either  with  or  without  quick-break  blades, 


Figure  46. — The  upper  viow  shows  a  track-type  limit  switch  and  the  lower  view  shows 
one  of  the  traveling-nut  type 

or  it  may  be  a  blade  switch  of  the  inclosed  or  safety  type.  In  any 
case,  the  motors  are  thrown  directly  across  the  line  without  start- 
ing compensation.  This  type  of  starter  is  suitable  only  for  small 
motors. 

The  protected  line  switch. — This  type  of  starter  is  also  operated 
without  starting  compensation,  but  the  motor  is  protected  with 
overload  relays  and  low-voltage  coils.  The  overload  protection  may 
•consist  of  one  or  more  series  relays  (p.  29),  or  a  type  of  relay 
known  as  the  thermal  relay.  This  latter  type  consists  of  a  heating 
element  connected  to  a  thermostatic  strip  in  such  a  way  that  exces- 
sive current  will  break  a  contact  wired  in  the  circuit  controlling 
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the  line  relay,  thus  opening  the  power  circuit  to  the  motor.  The 
motor  circuit  can  not  again  be  closed  until  the  device  has  cooled 
down  sufficiently  to  permit  a  recontact  in  the  relay  circuit.  These 
thermal  overload  relays  may  be  obtained  w^ith  either  an  automatic 
or  a  hand  reset. 

Additional  protection  is  sometimes  provided  by  what  is  known 
as  a  thermal  cut-out  which  is  simply  a  fuse.  Fuse  wire  is  quicker 
acting  than  a  heating  element  and  gives  protection  against  a 
momentary  rush  of  current. 

Oil-type  line  switches. — This  type  of  switch  may  be  used  for  small 
motors  without  compensation  or  with  the  types  of  compensating 
starters  described  below. 


Figure  47. — A  limit  switch  for  a  center-lock  motor  (double-leal'  bascule  span).  Con- 
tacts are  made  and  broken  by  means  of  the  eccentric,  A,  keyed  to  the  shaft,  B. 
This  eccentric,  operating  through  a  system  of  levers,  makes  and  breaks  the  con- 
tacts at  C  for  control  circuits  and  indicator  lights 

Hand-operated  starting  rheostats. — ^A  starting  rheostat  for  a 
direct-current  motor  has  been  described  and  illustrated  on  page  7. 
The  same  type  of  rheostat  (with  certain  modifications)  may  be  used 
for  alternating-current  slip-ring  motors  and  is  used  to  cut  out 
resistance  steps  in  the  rotor  or  secondary  circuit. 

Starting  compensators. — This  type  of  starting  switch  is  used  with 
squirrel-cage  induction  motors,  and  consists  essentially  of  an  auto- 
transformer.  The  starting  handle  is  first  placed  upon  the  start  posi- 
tion which  connects  the  motor  to  the  line  through  the  autotrans- 
f ormer  which  reduces  the  applied  voltage ;  as  the  motor  attains  speed 
the  handle  is  thrown  over  to  the  run  i)osition,  cutting  out  the  trans- 
former and  connecting  the  motor  directly  to  the  line. 
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Resist ar-type  starters. — This  type  is  used  for  squirrel-cage  motors. 
A  resistance  block  is  used  to  reduce  the  starting  voltage,  and  is  cut 
out  after  the  speed  has  been  attained. 

All  of  the  starter  types  discussed  are  hand  operated.  The  first 
three  types  are  direct-line  starters  suitable  for  smaller  motors,  while 
the  last  three  types  provide  starting  compensation  and  are  therefore 
suitable  for  larger  motor  service.  It  now  remains  to  describe  a  few 
of  the  common  types  of  automatic  starters. 

ElectHcdlly  timed  cmtomatic  starter. — The  operation  of  this  type 
of  automatic  starting  switch  depends  on  the  current  drop  in  arma- 
ture or  rotor  (and  consequently  stator)  circuits  as  the  motor  attains 
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FiouRB   48. — Typical    wiring   for    alternating-current    automatic    starter    (slip-ring 

induction  motor) 

speed.  Figure  48  shows  the  wiring  of  a  starter  of  this  type.  When 
the  control  switch  A  is  closed,  relay  B  is  actuated  and  the  primary 
motor  circuit  is  closed  with  full  starting  resistance  in  the  circuit. 
Relay  B  also  closes  an  auxiliary  contact  C  (generally  set  to  close 
slightly  later  than  the  main  contacts)  actuating  relay  D.  Relay  D 
tries  to  close  contact  F,  but  the  series  relay  G  is  now  carrying  its 
first  inrush  of  starting  current  and  since  it  is  wired  to  oppose  relay 
D,  contact  F  remains  open.  As  the  motor  speeds  up,  the  primary 
current  drops  until  it  is  no  longer  able  to  balance  the  pull  of 
relay  D  and  contact  F  closes,  actuating  relay  H  and  closing  the  first 
accelerating  contactor  (part  of  starting  resistance  cut  out).  One 
auxiliary  contact  on  this  contactor  shorts  around  contact  F  and 
another  makes  contact  I  in  the  control  circuit.  As  the  first  accelerat- 
ing contactor  closed,  the  current  through  series  relay  G  again  in- 
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creased  and  relay  D  is  no  longer  able  to  maintain  contact  F,  nor  to 
close  contact  K.  Contact  F  has  been  shorted  (otherwise  the  first 
accelerating  contactor  could  not  be  kept  closed)  but  contact  K  must 
remain  open  until  the  current  again  drops  to  a  safe  value.  Then 
and  not  until  then  will  contact  K  be  made  actuating  relay  M  and 
closing  the  second  accelerating  contactor.  This  operation  is  repeated 
for  each  contact  until  the  motor  is  operating  on  full-line  voltage. 

The  balanced-relay  device  may  be  adjusted  to  close  each  accelerat- 
ing contactor  in  sequence  at  predetermined  current  values. 

Autowatw  starter  with  inechanicaUy  timed  accelerating  contac- 
teyrs. — This  type  of  automatic  starter  consists  of  a  line  contactor  in 
combination  with  a  group  of  accelerating  contactors  equipped  with 
a  mechanical  timing  mechanism  somewhat  similar  to  the  escapement 
of  a  clock  and  so  designed  as  to  prevent  the  accelerating  contactors 
from  closing  until  after  a  definite  time  interval.  When  the  operat- 
ing relay  closes  the  line  contactor,  these  accelerating  contactors  also 
attempt  to  close,  thus  exerting  a  torque  on  the  gear  train  of  the 
timing  device.  These  gears  rotate  at  a  predetermined  rate  of  speed 
as  controlled  by  the  escapement  device,  thus  insuring  a  definite  time 
interval  between  the  closing  of  the  line  contactor  and  the  first  ac- 
celerating contactor.  Each  accelerating  contactor  then  closes  in 
sequence,  cutting  out  rotor  or  armature  resistance  step  by  step  until 
the  motor  is  directly  across  the  line. 

Automatic  reduced-voltage  starters. — For  squirrel-cage  motors  an 
automatic  starter  using  either  the  autotransformer  principle  or  re- 
sistance blocks  may  be  obtained  through  the  use  of  what  is  known 
as  a  definite  time  relay. 

Of  the  types  of  starting  switches  described  above,  the  first  three 
are  obviously  suitable  only  for  small  motors,  such  as  pit-pump  mo- 
tors, gate  and  barrier  motors,  etc.  Types  4,  5,  and  6  are  sometimes 
used  for  hoisting  or  swinging  dut}^,  but  only  for  small  structures 
where  the  need  for  speed  control  is  not  great  and  the  expense  of  a 
magnetic-control  system  is  not  warranted.  Type  4  may  be  arranged 
for  speed  control  as  well  as  starting  compensation  if  the  resistors 
and  resistor  circuits  are  designed  for  the  necessary  time  rating. 

If  large  wedges  require  motors  too  large  for  direct-line  connec- 
tion, types  4,  5,  or  6  may  be  employed  for  starting. 

Automatic  starters  are  occasionally  used,  but  for  larger  installa- 
tions the  majority  of  cases  are  such  as  to  warrant  the  adoption  of 
full  magnetic  or  semimagnetic  control. 

DEFINITE  TIME  RELAYS 

It  is  often  desirable  to  have  one  operation  follow  another  at  a 
definite  time  interval.  In  one  instance  the  two  end  wedges  on  a 
swing  span  were  designed  to  operate  simultaneously.  On  account  of 
other  conditions  these  devices  were  consuming  too  much  power  and 
it  was  desired  to  close  one  wedge  a  few  seconds  earlier  than  the  other. 
Since  these  wedges  were  operated  by  a  single  motor,  it  was  necessary 
to  use  a  definite  time  relay. 

One  type  of  definite  time  relay  on  the  market  consists  of  a  small 
induction  motor  driving  a  disk  through  a  train  of  gears.  This 
motor  operates  at  line  frequency  and  starts  to  rotate  as  soon  as  the 
first  contactor  closes.     The   disk  carries  a  tripping   finger   which 
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actuates  a  latch,  which  in  turn  controls  a  relay  contact  for  the 
second  contactor.  As  the  disk  travels  at  approximately  constant 
speed,  the  time  interval  is  a  function  of  the  angle  through  which  the 
disk  must  rotate  in  order  to  trip  the  latch.  By  changing  the  loca- 
tion of  the  tripping  finger  on  the  disk,  or  by  changing  the  gear 
ratio  of  the  gear  train,  a  range  in  time  interval  is  obtainable. 
Definite  time  intervals  up  to  30  seconds  may  be  obtained  on  a  60- 
cycle  current  with  this  type  of  device.     Figure  49  is  a  diagram  of 
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Figure  49. — Wiring  diagram  for  definite  time  relay 

wiring  for  such  a  relay  with  push-button  control.  When  the  start 
button  is  pressed,  the  small  induction  motor  starts,  making  contact 
A,  short-circuiting  the  start  button,  and  energizing  the  operating 
relay  for  the  starting  contactor.  After  a  definite  time  interval 
(depending,  of  course,  on  the  position  of  the  tripping  finger  on 
the  motor  disk)  contact  B  is  made,  closing  the  running  contactor 
and  also  disconnecting  the  small  motor.  By  adjusting  the  tripping 
finger,  these  two  contactors  may  be  made  to  close  at  any  time  interval 
within  the  limit  of  the  machine. 


MISCELLANEOUS  AND  MINOR  CONTROL  DETAILS 

LOCATION   OF  AMMETERS  AND  VOLTMETERS 

It  is  occasionally  desirable  to  determine  the  degree  of  leaf  balance 
for  bascule  and  vertical-lift  spans  by  careful  ammeter  readings 
during  an  entire  cycle  of  operation  on  the  same  power  notch.    This 
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can  be  done  by  a  single  person  if  the  ammeters  and  voltmeters  are 
placed  so  as  to  be  visible  to  the  operator  from  his  control  bench. 

SEATING  OF  BASCULE  AND  VERTICLE  LIFT  SPANS 

In  order  to  avoid  excessive  impact  on  the  leaves  and  deterioration 
of  the  operating  mechanism,  it  is  essential  that  the  seating  of  the 
leaves  of  a  bascule  or  lift  span  be  done  as  gently  as  possible.  When 
the  leaf  runs  through  the  lower-limit  switch,  it  is  generally  brought 
to  a  stop  a  short  distance  above  the  normal  closed 'position.  It  is 
then  seated  by  use  of  the  button  short-circuiting  the  limit  switch. 
If  the  leaves  are  sufficiently  unbalanced  this  may  be  done  on  the 
master  switch  drift  point.  If  the  leaves  are  not  sufficiently  out  of 
balance  to  coast  to  position,  then  the  master  switch  must  be  put  over 

to  the  first  power  point.  If  this 
results  in  too  rapid  seating,  the 
master  switch  handle  must  be  al- 
ternated between  the  drift  and  first 
power  points  which  makes  seat- 
ing a  rather  awkward  procedure. 
Seating  may  be  accomplished  by 
means  of  the  start  and  stop  push 
buttons,  but  perhaps  the  most  de- 
sirable method  is  that  of  a  lever 
°^f'?AT/Ne  eo4Ro     ^/>^^i— s  seating    button    as    illustrated    in 

Figure  50.    This  enables  the  opera- 
tor with  one  slight  motion  to  cut 
^^«^^«^^  ''?s^emaTic'Jrl4iSgr  '""'''      the  brakes  in  and  out  and  to  apply 

small  amounts  of  power  to  the  span 
seating  the  leaves  gently  on  the  supports  with  practically  no  jar  or 
impact. 

A  seating  device  such  as  shown  in  Figure  50  should  preferably  be 
operated  on  the  first  or  second  power  notches  of  the  master  switch 
in  order  to  avoid  excessive  rotor  or  armature  currents.  However,  the 
duration  of  power  during  seating  is  so  short  that  no  damage  w^ould 
be  likely  to  occur  even  if  the  master  switch  handle  were  left  on  a 
higher  power  point.  The  forward  position  of  the  seating  switch  is 
the  neutral  or  open  position,  the  central  position  short  circuits  that 
portion  of  the  leaf  limit  switch  controlling  the  brake  circuit,  while 
the  rear  position  completely  shorts  the  leaf  limit  switch,  putting 
power  to  the  span. 

WIRING 

Whenever  possible  all  wiring  should  be  run  in  approved  conduit 
and  all  conduits  should  be  securely  fastened  to  or  built  into  the 
structure.  Conduit  sumps  should  be  provided  with  suitable  drain 
holes.  The  contractor  should  be  required  to  furnish,  at  the  com- 
pletion of  the  job  a  complete  conduit  plan  showing  in  detail  the  loca- 
tion of  each  conduit  run  and  the  various  circuits  carried.  This  is 
important  in  connection  with  future  maintenance.  Adequate  ter- 
minal boxes  with  provision  for  numbering  or  otherwise  labeling  each 
binding  post  or  connection,  should  be  installed  at  the  ends  of  each 
long  conduit.     These  terminal  boxes  should  be  of  substantial  con- 
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struction  and  arranged  so  that  they  may  be  locked  to  prevent  un- 
authorized disturbance.     Figure  51  shows  a  typical  contact  switch. 

All  wires  between  the  fixed  and  movable  portions  of  the  structure 
should  be  carried  through  flexible  steel-armored  cables.  Feed  wires 
should  have  ample  capacity  to  carry  the  currents  when  the  motors 
are  exerting  their  maximum  torque  with  a  voltage  drop  of  not 
more  than  5  per  cent. 

Circuits  from  one  portion  of  the  structure  to  another  on  the 
opposite  side  of  the  channel  are  generally  carried  through  submarine 
cables  which  should  be  armored  and,  where  the  location  requires, 
buried  beneath  the  natural  river  bottom.  It  is  good  practice  to  pro- 
vide a  number  of  spare  circuits  in  such  a  cable  for  use  in  case  of  wire 
trouble  or  the  addition  of  other  protective  devices. 

No  wires  or  grounds  should  be  attached  to  any  metal  part  of  the 

bridge  and  common  returns  should 
be  avoided. 


INCLOSING  BOX  A 
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Figure  51. — Typical  contact  switch  ar- 
rangement. The  box,  A,  is  mounted  on 
the  stationary  portion  of  the  structure 
and  contact  arm  ;  B,  is  mounted  upon 
the  moving  part  of  the  span.  As  the 
span  closes  contact,  C.  is  made.  If 
desired  an  auxiliary  arm,  D,  may  be 
added  to  break  a  circuit  at  E 


the  water  into  the  stream  bed 
action  and  substantially  built. 


KNIFE  SWITCHES 

Knife  switches  should  be  de- 
signed so  that  the  maximum  load  will 
never  exceed  700  to  800  amperes 
per  square  inch  of  cross  section 
and  all  circuits  should  be  protected 
with  suitable  fuses. 

GROUNDING  CONNECTIONS 

All  portions  of  the  structure  and 
its  operating  mechanism  which  are, 
in  any  degree,  in  danger  of  accident- 
ally coming  in  contact  w4th  wires 
carrying  current  should  be  pro- 
tected by  a  ground  connection. 
Ground  connections  should  termi- 
nate in  an  iron  pipe  driven  through 
or  other  similar  device  of  positive 


TELEPHONES,   BUZZERS,  AND   SIGNALS 

Structures  requiring  the  services  of  more  than  one  operator  should 
have  an  adequate  system  of  buzzers,  signals,  speaking  tubes,  or  inter- 
phones, as  a  safety  precaution.  The  system  should  be  separate  from 
any  commercial  telephone  installation  in  the  operator's  quarters,  and 
should  be  designed  purely  for  intercommunication  between  various 
points  on  the  structure. 

NAVIGATION    AND   SERVICE    LIGHTING 


The  requirements  for  navigation  lights  are  completely  covered  in 
the  regulations  of  the  United  States  Lighthouse  Service,  and  need 
not  be  considered  here.  Service  lighting  on  movable  bridges  pre- 
sents no  new  or  peculiar  problems.  However,  the  effect  of  service 
lights  on  the  operator's  room  should  be  mentioned.     On  a  dark  night 
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the  glare  of  the  service  lights  makes  it  difficult  for  the  operator  to 
observe  the  river  channel.  In  order  to  expedite  his  operations,  he 
will  want  to  turn  off  the  service  lights  and  darken  the  operating 
room.  In  order  that  this  may  be  done  without  undue  waste  of  time, 
the  entire  house  lighting  should  operate  from  a  pair  of  3-way 
switches,  one  of  which  should  be  a  push  button  or  lever  on  the 
operating  bench. 

MISCELLANEOUS  AND  MINOR  EQUIPMENT 

There  are  many  auxiliary  or  special  devices  suitable  for  particular 
installations.  Float  switches,  pressure  switches,  solenoid  valves — 
these  and  many  more  devices  of  like  character  are  useful  in  special 
cases.  Equipment  of  this  character  is  completely  described  in  the 
literature  put  out  by  manufacturing  agencies  and  will  not  be 
described  here. 

DYNAMIC  BRAKING 

Where  a  direct-current  motor  is  used  for  hoisting  or  swinging 
a  bridge  span  it  is  possible  by  cutting  off  or  cutting  down  the  arma- 
ture current  to  slow  up  the  motor  to  the  point  where  the  bridge  over- 
hauls and  turns  the  motor.  Under  such  a  condition  the  armature  may 
be  disconnected  from  the  line  and  short-circuited  through  a  variable 
resistance,  and  the  motor  becomes  a  direct-current  generator  driven 
by  the  momentum  of  the  bridge.  The  moving  mass  tends  to  main- 
tain the  speed  of  this  generator  which,  sending  current  through  the 
resistance  develops  a  retarding  torque  tending  to  bring  the  moving 
leaf  to  rest. 

As  the  resistance  in  the  short-circuited  armature  is  decreased,  the 
current  and  consequently  the  retarding  torque  is  increased.  By  this 
method  the  speed  may  be  reduced  to  almost  zero.  However,  to  stop 
the  structure  completely,  a  mechanical-braking  torque  must  be  ap- 
plied, since  the  dynamic  retarding  torque  only  occurs  while  the  arma- 
ture is  in  motion.     This  operation  is  called  dynamic  braking. 

With  a  compound  motor,  the  shunt  coils  are  not  disconnected  from 
the  line  so  that  during  the  period  of  dynamic  braking  the  motor  acts 
as  a  separately  excited  generator.  With  the  series  type  of  motor  the 
series  coils  must  be  reconnected  as  shunt  coils  before  the  armature  is 
short-circuited  in  order  to  provide  field  excitation. 

Dynamic-braking  connections  may  be  made  on  the  off  or  neutral 
position  of  the  master  switch  or  at  a  special  control  point  provided 
for  this  purpose  only. 

Figure  52  is  a  diagram  of  a  manually  operated  controller  giving 
dynamic  braking  on  the  off  position.  The  motor  is  a  compound- 
wound  type.  On  the  first  power  notch  in  the  raise  direction,  the 
circuit  path  is  as  follows: 

Jjl-a-h-c-Al-A^-d-Rl-R^-e-f-L^.  As  the  controller  handle  is 
moved  over,  successive  resistance  steps  are  cut  out  in  the  armature 
circuit  and  the  motor  speeds  up.  For  the  reverse  direction,  the  first 
notch  makes  the  following  circuit : 

Ijl-a-g-e-R6-Rl-d-A2-Al-c-h-f-'L2,  thus  reversing  the  direction 
of  current  through  the  armature.  Again  successive  points  cut  out 
resistance  steps  in  the  armature  circuit.  In  either  case,  the  brake 
resistors  are  connected  as  a  shunt  from  point  c  to  point  d  in  the  arma- 
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ture  circuit.  In  the  off  position,  the  motor  is  disconnected  from  the 
line  and  acts  as  a  generator  separately  excited  through  the  shunt 
coils,  and  driven  by  the  momentum  of  the  bridge. 

By  varying  the  braking  connections  (Bl  to  B5)  the  braking  cur- 
rent may  be  varied,  which,  in  turn,  varies  the  braking  torque. 

In  Figure  52,  no  arrangement  is  shown  for  varying  the  braking 
during  operation.  These  connections  may  be  set  for  the  particular 
braking  force  desired,  or  they  may  be  arranged  for  variable  braking 
(lurinjr  operation  if  it  api)oars  necessary. 

Vvry  iVw  movable  bridges  in  this  country  have  made  use  of 
dynamic  braking  and  these  have  been  direct-current  installations. 
The  following  extract  from  a  letter  to  one  of  the  writers  from  J.  H. 
Belknap,  chief  of  the  division  of  control  engineering  of  an  electric 


Figure  52. 


-Drum  controller  with  five  speeds  forward  and  reverse  and  dynamic 
braking  on  the  off  position 


and  manufacturing  company,  in  response  to  an  inquiry  as  to  this 
method  of  control  is  of  considerable  interest. 

Dynamic  braking  has  been  used  to  a  limited  extent  on  D.  C.  bridge  controls. 
When  compound  or  shunt  motors  are  used  entirely  satisfactory  performance 
can  be  obtained  without  undue  complication  in  the  control.  Dynamic  braking 
with  a  series  motor  introduces  a  control  complication  in  that  means  must  be 
provided  to  keep  the  series  field  energized  from  the  line  while  operating  on  the 
dynamic  braking  points.  We  have  used  this  scheme  on  numerous  other  appli- 
cations but  have  made  practically  no  use  of  it  for  bridge  control.  In  general, 
we  feel  that  dynamic  braking  with  series  wound  motors  offers  no  real  advan- 
tage over  such  braking  with  compound  or  shunt  motors,  and  in  most  cases  the 
latter  can  be  used  with  less  complication. 

So  far  as  we  know,  dynamic  braking  for  A.  C.  bridges  has  not  been  used. 
It  can  be  obtained  by  exciting  all  or  part  of  the  stator  windings  by  direct 
current.  Variations  in  torque  are  obtained  by  variation  of  rotor  (secondary) 
resistors  or  by  variation  of  the  D.  C.  exciting  current.  The  fact  that  direct 
current  is  also  required,  coupled  with  the  complexity  of  the  scheme,  practically 
eliminates  the  use  of  dynamic  braking  on  A.  C.  bridge  motors. 

64559°— 31 5 
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Certain  complicated  schemes  employing  regrouped  windings,  condensors, 
reactors,  etc.,  have  been  used  to  some  extent  in  Europe  we  are  told.  Such 
schemes  make  use  of  under-synchronous  speeds  for  retardation.  These  schemes 
could  probably  be  adapted  so  as  to  provide  something  approaching  the  armature 
shunt  characteristics  of  D.  C,  bridge  control.  However,  nothing  has  been  done 
along  this  line  in  our  country  and  the  complication  would  probably  make  the 
control  undesirable  and  expensive. 

The  method  of  armature  &hmit  referred  to  in  Mr.  Belknap's  letter 
is  described  on  page  87. 

WIRING  FOR  ELECTRICAL  CONTROL 

The  term  "  wiring  "  as  used  here  means  something  more  than  con- 
necting up  various  devices  by  means  of  conduit  and  cable  runs;  it 
includes  the  complete  assembly  and  arrangement  of  equipment  so 
as  to  insure  the  performance  of  special  functions  in  a  predetermined 
sequence.  The  design  of  an}^  electrical-control  system  is  largely  a 
matter  of  the  assembly  of  standard  units.  However,  the  product 
of  this  assembly  is  far  from  a  standard  product.  Building  brick  are 
a  standard  product,  yet  the  brick  building  affords  an  unlimited  field 
for  individuality  of  expression.  And  so  with  the  standard  units  of 
electrical  control  (controllers  and  master  switches,  overload  and  cur- 
rent-limit relays,  accelerating  contactors,  limit  switches,  solenoid 
brakes,  motors,  lights,  and  signal  apparatus). 

The  general  nature  of  the  problem  can  be  illustrated  by  a  detailed 
description  of  a  few  complete  control  systems  as  actually  installed. 
The  bridges  selected  were  constructed  under  the  personal  supervision 
of  one  of  the  writers  and  are  chosen  because  of  familiarity  with  the 
details  of  the  design  and  construction  problems  presented. 

Several  types  of  movable  bridges  will  be  considered,  and  it  is  felt 
that  the  discussion  should  furnish  a  general  foundation  upon  which 
to  construct  an  outline  for  control  and  wiring  for  any  span  or  set 
of  conditions. 

CONTROL  SYSTEM  FOR  A  DOUBLE-LEAF  BASCULE  BRIDGE  USING 
ALTERNATING  CURRENT 

Figure  53  shows  the  general  plan  of  the  bascule  span  under  dis- 
cussion, including  the  general  location  of  the  main  hoisting  motors, 
the  center  locks,  pit-pump  motors,  sirens,  fog  bells,  navigation  lights, 
switchboards,  etc.  The  operator's  board  is  located  at  the  forward 
end  of  the  operator's  house  overlooking  the  channel.  The  various 
indicator  lamps,  switches  for  operating  roadway  gates,  and  other 
like  devices  are  mounted  on  this  board.  In  front  of  the  board  are 
mounted  the  master  switches  and  controllers  for  operating  the  span. 
At  the  side  of  the  board  and  to  the  operator's  right  is  the  main 
switchboard,  upon  which  are  mounted  the  main  power  switches,  the 
various  light  and  heating  circuit  switches,  as  well  as  the  necessary 
circuit  breakers,  ammeters,  voltmeters,  etc.  From  this  board  the 
power  wires  run  to  the  remote-control  boards,  one  for  each  leaf,  these 
boards  being  located  in  the  machinery  rooms  below  the  floor. 

Figure  54  is  a  plan  view  of  one  of  the  machinery-room  floors  show- 
ing the  location  of  the  remote-control  panel,  hoisting  motors,  limit 
switches,  etc.  All  power  and  control  wires  are  laid  in  conduits  in 
the  concrete  floor.  The  power  and  control  submarine  cables  termi- 
nate at  each  leaf  in  boxes  mounted  on  the  inside  of  the  pier  walls  as 
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shown.    Figure  55  is  a  photographic  view  of  this  machinery  room, 

and  Figures  56  and 
58  are  close-up  par- 
tial views  of  the  re- 
mote-control board. 

WIRING  FOR  POWER 
CIRCUITS  (STATOR 
WINDINGS) 

The  power  line 
passes  through  a 
3-pole  switch  on  the 
main  switchboard  in 
the  operator's  house. 
When  this  switch  is 
open,  the  remote-con- 
trol board  in  each 
machinery  house  is 
completely  dead. 
When  this  switch  is 
closed,  the  line  ter- 
minals LI,  L2,  and 
L3  on  panel  13  (fig. 
57)  become  energized, 
and  as  soon  as  the 
main  switch  at  panel 
13  is  closed  the  main 
stator  wires  become 
energized  as  far  as 
points  O  and  C  on 
panel  14.  The 
switches  on  panel  13 
are  always  closed  ex- 
cept when  the  opera- 
tor desires  to  "  kill  " 
one  remote  -  control 
board  to  permit  han- 
dling the  magnetic 
switches  or  contact- 
ors. The  large  3-pole 
switch  on  panel  13 
carries  the  stator  cur- 
rent  (440- volt,  3- 
phase).  The  small 
double-pole  switch  is 
connected  across  any 
two  of  the  three 
stator  wires,  and 
therefore  carries  a 
440-volt  single-phase 
current. 

The  knife  switches 
(panel  15)  whose  terminals  are  marked  TlA,  T2A,  T3A,  and  TIB, 
T2B,  T3B  are  also  normally  in  a  closed  position,  their  purpose 
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Figure  55. — Partial  view  of  machinery  room  of  a  double-leaf  bascule  bridge.  The 
resistance  grids  for  the  rotor  circuits  are  shown  at  A,  the  current-limit  relays  at 
B,  the  overload  relays  at  C,  the  reversing  contactors  at  D,  the  motor  switches  at  E. 
the  main-line  switch  at  F,  the  contactor  panel  for  the  auxiliary  brake  at  I,  the 
contactor  panel  for  the  motor-mounted  brakes  at  J,  and  the  contactors  for  con- 
trolling the  rotor  resistance  at  II.  The  main  hoisting  motor,  A.  is  shown  at  K, 
the  motor-mounted  brake  at  L,  the  band  brake  (hand  operated)  at  P,  and  the  motor 
shaft  coupling  at  M.  The  gears,  G,  are  numbered  consecutively  from  the  main 
pinion  Gl 
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being  to  provide  a  means  of  cutting  out  one  of  the  motors  ^vithout 
interfering  with  the  operation  of  the  other.  It  will  be  observed  that 
the  wires  from  terminals  TlA,  T2A,  and  T3A  lead  to  the  stator  wind- 
ings on  motor  A,  while  the  other  three  lead  to  the  stator  windings 
on  motor  B. 

The  line  wires  Ll  and  L2  run  through  a  system  of  overload  relays 
and  current-limit  relays  and  terminate  at  points  O  and  C  on  panel 
14.  (These  relays  modify  the  control  circuits  and  have  no  ell'ect  on 
the  power  current.     Their  operation  will  be  discussed  later.)     The 


FiGURK  56. — TTpper  portion  of  magnetic-control  board.  The  grid-type  resistors  nre 
shown  at  A,  the  reversing  contactor  for  the  hoisting  motors  at  B,  the  current-limit 
relays  at  C,  and  the  knife  switches  for  power  and  control  circuits  at  D,  E,  and  F. 
Note  the  mechanical  interlociilng  of  tne  reversing  contactor  and  tlie  auxiliary 
contact  points 

third  line  wire  runs  direct  to  the  terminals  T3B  and  T3A,  and  thence 
to  the  stator  windings  on  the  main  hoisting  motors. 

Assume  that  the  line  switches  on  panel  13  and  also  both  motor 
switches  on  panel  15  are  closed.  When  the  main  power  switch  in 
the  operator's  house  is  closed,  therefore,  one  of  the  three  stator  wires 
(namely,  T3A  and  T3B)  for  each  motor'  is  energized.  With  the 
reversing  switch  (panel  14)  in  the  position  shown,  however,  the 
other  two  stator  wires  are  dead,  the  circuit  being  open  at  O  and  C. 

When  switch  O  (panel  14)  is  closed,  however,  the  stator  windings 
carry  current,  and  the  motor  starts  to  turn  over.     If  switch  O  is 
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opened  and  switch  C  is  closed  the  phase  sequence  for  the  stator  is 
reversed,  and  the  motor  turns  in  the  opposite  direction.  (This  can 
be  easily  demonstrated  by  tracing  out  the  connections.)  The  switch 
on  panel  14,  therefore,  controls  the  direction  of  the  motors.  This 
switch  is  operated  by  the  relays  19-20  and  19-21  cut  in  on  the  control 
circuit.  If  at  a  certain  point  on  the  master  switch  (B.g.  57)  contacts 
are  made  wdiicli  close  the  circuit  19-20  then  relay  19-20  will  operate 


.  ^ 


Figure  58. — Lower  portion  of  magnetic-control  board.  The  overload  relays  are  indi- 
cated at  A.  These  can  be  set  to  open  the  circuit  at  any  current  value  (within  the 
range  for  which  the  relay  its  desif^ned)  by  adjustinj?  the  lugs  B.  The  motor 
switches,  power  switch,  and  control  switch  are  indicated  at  points  F.  D,  and  C, 
respectively.  The  accelerating  contactors  are  shown  at  G,  while  contactors  H 
and  I  operate  circuits  controlling  the  solenoid  brakes 

and  sw^itch  O  will  close.  At  another  point  on  the  master  switch 
relay  circuit  19-21  is  made  and  switch  C  closes.  The  wiring  for 
this  operation  will  be  explained  in  detail  subsequently. 

ROTOR  WINDINGS 

The  induced  rotor  currents  are  conveyed  through  slip  rings  to 
variable  resistance  units  as  shown  in  Figure  57. 

The  magnetic  switches  on  panels  1  and  6,  2  and  7,  3  and  8,  4  and 
9,  5  and  10   (operating  in  pairs)   cut  out  a  portion  of  this  rotor 
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resistance,  and  thus  act  as  both  starting  compensators  and  speed 
controls.  To  be  more  explicit:  At  a  certain  point  on  the  master 
switch  in  the  operator's  house,  circuit  48-7  is  made  (see  panels  1 
and  6),  and  relays  7-48  close  the  main  switches  on  panels  1  and  6. 
Panel  1  switch  connects  the  terminals  R2A-R3A  and  R4A  (in  delta) 
and  thus  cuts  out  the  first  step  of  resistance  for  the  rotor  of  motor 
A.     Panel  6  switch  performs  a  similar  function  for  motor  B. 

Panel  2  has  a  switch  wliich  connects  R5A,  R6A,  and  R7A,  and 
thus  cuts  out  another  step  of  resistance.  Panel  7  has  a  switch  which 
performs  the  same  function  for  motor  B.  Other  panels  perform  a 
similar  function  until  at  panels  5  and  10  the  contacts  R14A,  EISA, 
and  RIGA  for  motor  A  and  R14B,  R15B,  and  R16B  for  motor  B  are 
connected  and  the  motors  are  running  as  squirrel-cage  motors  with 
the  rotor  bars  short  circuited. 

AUXILIARY  SOLENOID  BRAKES 

The  normal  position  of  the  brake  (no  current  through  solenoid) 
is  with  the  shoes  bearing  against  the  brake  wheel.  The  solenoid  coil 
is  excited  by  a  440- volt  single-phase  current  taken  from  lines  Ll  and 
L2,  thus  raising  the  core  and  releasing  the  brakes. 

The  brake  operated  from  panel  11  is  designed  as  an  auxiliary 
brake  and  is  entirely  independent  of  the  leaf-limit  switch  or  the 
master  switches  in  the  operator's  house.  It  is  controlled  by  the  push 
button  shown  at  M  in  Figure  57;  the  manner  of  control  being  as 
follows:  The  solenoid  will  operate  wdien  the  switcli  on  panel  11  is 
closed,  since  wire  12  goes  directly  back  to  one  terminal  of  the  line, 
and  wire  48  directly  to  the  other.  It  is  only  necessary,  therefore, 
to  close  the  switch  on  panel  11  and  the  brake  will  be  released.  The 
above  switch  is  closed  by  means  of  relay  coil  17-46.  Wire  17  con- 
nects to  one  terminal  of  the  line  through  16  to  48.  It  is  only  neces- 
sary, therefore,  to  connect  wire  46  to  the  other  terminal  (12)  and 
the  switch  at  once  operates.  The  push-button  station  shown  at  M 
accomplishes  this  result  as  follows:  There  are  two  push  buttons  in 
this  station,  one  labeled  "  stop  "  and  other  labeled  "start."  These 
buttons  are  of  the  spring  type  and  are  normally  held  in  the  position 
shown  at  M,  in  which  position  the  switch  at  panel  11  is  open.  Now 
if  the  start  button  is  pressed  contact  46-47  is  made,  and  relay  circuit 
17-46  on  panel  11  is  completed  through  46-47-12  and  from  12  back 
through  the  cable  to  the  terminal  point  12  on  panel  13.  Instantly 
relay  17-46  operates,  attracts  its  armature  and  closes  the  main  switch 
on  panel  11,  making  the  contacts  12-34  and  48-33  and  the  auxiliary 
solenoid  brake  is  released. 

It  may  appear  that  as  soon  as  the  operator's  finger  is  removed 
from  the  start  push  button  the  circuit  will  open  and  the  brake  will 
be  again  applied.  This  is  not  true,  however,  owing  to  the  following 
device :  There  is  an  auxiliary  contact  46-47  operating  on  the  relay 
that  closes  the  main  switch  at  panel  11.  The  instant  that  contact 
46-47  is  made  at  the  push  button  station,  contact  46-47  is  made  on 
panel  11.  Release  of  the  start  push  button  does  not  release  the  con- 
tact 46-47  on  panel  11,  and  the  brakes  continue  to  be  released.  This 
device,  known  as  a  holding  relay  circuit  and  described  on  page  29, 
is  a  rather  common  expedient  in  magnet-control  wiring  of  this  kind. 
If  the  stop  push  button  is  pushed  down,  contact  47-12  is  broken  and 
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both  46  and  47  are  instantly  killed,  rendering  panel  11  dead  until 
the  start  button  is  again  pushed  down. 

Thus  at  any  position  of  the  leaf  and  at  any  time,  regardless  of  the 
position  of  limit  switch,  master  switch,  controller,  or  center  lock, 
if  the  start  button  is  depressed  the  auxiliary  brake  is  instantly  re- 
leased ;  if  the  stop  button  is  depressed  the  brake  is  applied. 

During  the  installation  of  this  device  on  this  particular  job  it 
was  argued  by  some  of  the  engineers  connected  with  the  work  that  a 
serious  defect  lay  in  the  fact  that  the  operator  did  not  know  from 
the  position  of  the  push  buttons  whether  the  emergency  brake  was 
on  or  off.  As  a  matter  of  fact  this  is  unimportant.  At  any  position, 
regardless  of  whether  the  brakes  are  on  or  off,  the  start  push  button 
will  instantly  release  them  or  keep  them  released  if  they  are  already 
released,  and  the  stop  button  will  apply  them  or  keep  them  applied 
if  they  are  already  on. 

MOTOR-MOUNTED  SOLENOID  BRAKES  OR  PRBIARY  BRAKES 

These  brakes  are  mounted  on  the  motor  shaft,  whereas  the  auxiliary 
or  emergency  solenoid  brake  is  mounted  on  an  intermediate  shaft. 
There  are  two  motor-mounted  solenoid  brakes  and  one  auxiliary 
solenoid  brake  for  each  leaf. 

The  motor-mounted  brakes  operate  on  circuit  12-48,  as  shown  on 
panel  12,  but  are  controlled  through  a  relay  4-19  wired  through  the 
master  switch.  It  will  be  shown  later  that  point  4  on  this  relay  is 
energized  on  point  1  of  the  master  switch,  the  other  terminal  de- 
pending for  its  connection  to  the  line  on  a  second  auxiliary  switch 
19-17  on  the  panel  11  marked  "Aux.  sw.  B."  In  other  words,  before 
the  primary  brakes  can  be  released  the  master  switch  must  be  moved 
to  point  1,  but  in  addition  the  start  push  button  must  be  pressed 
to  make  contact  17-19  on  panel  11. 

START  AND  STOP  PUSH  BUTTONS 

It  was  shown  above  that  there  can  be  no  connection  between  wire 
19  and  the  power  main  until  the  start  push  button  is  pressed,  which 
means  that  this  button  must  be  pressed  l>efore  the  primary  brakes  can 
be  released.  From  inspection  of  panel  14,  it  is  also  seen  that  until 
this  start  button  is  pressed  there  can  be  no  current  through  relays 
19-20  or  19-21,  and  consequently  the  reversing  switch  can  not  be 
closed  in  either  direction,  nor  the  motors  started. 

The  operator  must  first  press  the  start  button,  else  he  can  not  re- 
lease the  brakes  nor  start  the  motors.  This  start  button  is,  therefore, 
a  key  to  the  entire  operation.  For  heavy  traffic,  or  where  other  con- 
ditions warrant  special  precautions  against  premature  opening,  it 
may  be  advisable  to  interlock  this  start  control  with  all  roadway 
gates  and  signals.  This  would  require  some  modification  of  the 
wiring  shown  in  Figure  57  and  was  not  considered  necessary  in  this 
case. 

INTERLOCK  WITH  CENTER-LOCKING  MECHANISM 

Inspection  of  Figure  57  shows  rfiat  one  terminal  of  every  control 
relay  on  the  board  is  connected  in  some  way  (or  may  be  connected) 
with  wire  48,  which  is  one  teritiinal  of  the  control  circuit.    For  ex- 
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ample,  relay  4-19  on  panel  12  leads  through  the  contact  19-17  on 
panel  11,  through  17-16  and  16-48  on  the  overload  relays  directly  to 
the  line.  (Under  normal  conditions  these  contacts  are  all  closed.) 
The  other  terminals  of  all  these  relays  lead  through  the  master 
switch. 

In  order  that  the  master  switch  may  close  the  various  control  cir- 
cuits, there  must  be  some  way  of  leading  the  current  from  the  other 
side  of  the  line  (wire  12)  to  this  master  switch.  This  is  done  through 
contact  12-3  on  the  center-locking  device.  When  the  center-lock  bar 
is  driven,  locking  the  leaves  together,  contact  12-3  is  open  and  the 
master  switch  is  entirely  dead.  It  is  impossible  to  release  the  motor- 
mounted  brakes  or  to  start  the  motor.  When  the  bar  is  drawn,  con- 
tact 12-3  is  made  and  points  3  and  2  on  the  master  switch  are  ener- 
gized. This  interlock  insures  the  withdrawal  of  locking  bar,  release 
of  brakes,  and  starting  of  main  lifting  motors  in  proper  sequence. 

MASTER    SWITCHES 

The  distinction  between  master  switches  and  manual  controllers  is 
that  the  former  carry  light  control  currents  while  the  latter  carry 
main-power  currents.  The  main-control  board  in  this  case  is  operated 
through  a  master  switch,  while  the  center-lock  motor  is  operated 
through  a  controller^  (carrying  440-volt,  3-phase  current). 

As  the  handle  on  the  master  switch  is  moved  around,  the  finger 
contacts,  1,  2,  3  .  .  .  10  fall  on  the  vertical  lines,  1,  2,  3,  etc.,  making 
the  following  contacts : 

FORWARD   OR  OPENING 

Point  Electrical  energy  on — ■ 

0 Wires  2  and  3. 

1 Wires  2,  3,  and  4. 

2 Wires  1,  2,  3,  and  4. 

3 Wires  1,  2,  3,  4,  6,  and  7. 

4 Wires  1,  2,  3,  4,  6,  7,  and  8. 

5 Wires  1,  2,  3,  4,  6,  7,  8,  and  9. 

6 Wires  1,  2, 3,  4, 6,  7,  8,  9,  and  10. 

REVERSE    OR    CLOSING 

1 Wires  2,  3,  and  4. 

2 Wires  2,  3,  4,  and  5. 

3 W^ires  2,  3,  4,  5,  6,  and  7. 

4 , Wires  2,  3,  4,  5,  6.  7,  and  8. 

5 Wires  2,  3,  4,  5,  6,  7,  8,  and  9. 

6 Wires  2,  3,  4,  5,  6,  7,  8,  9,  and  10. 

Assume  the  span  closed,  and  the  master-switch  handle  at  neutral. 
Assume  the  start-push  button  to  have  been  pressed  so  that  the 
auxiliary  brake  is  released,  and  contact  17-19  on  panel  11  is  made. 

As  the  master-switch  handle  is  moved  to  point  1,  wire  4  is  ener- 
gized, relay  circuit  4-19'  on  panel  12  is  made,  and  the  motor-mounted 
brake  released. 

« Th<^  term  "  controller  "  where  used  throughout  this  discussion  has  been  employed  to 
designate  a  manual  controller  and  shoulfl  be  so  understood.  As  a  matter  of  strict 
terminology  a  controller  is  any  device  for  controlling  an  electrical  mechanism,  and  there- 
fore includes  the  entire  control  assembly.  It  has  not  been  used  in  this  sense  at  any  point 
in  this  discussion,  however,  but  rather  to  designate  certain  particular  types  of  manually 
operated  switches, 
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On  point  2  of  the  master  switch,  energy  is  applied  to  wire  1  which 
runs  to  the  limit  switch.  This  limit  switch  (geared  to  one  of  the 
operating  shafts  and  set  so  as  to  open  and  close  contacts  1-11  and 
5-25)  will  be  described  in  detail  later.  On  its  last  trip  down  this 
limit  switch  has  closed  contact  1-11  so  that  current  from  wire  1 
flows  through  wire  11  to  panel  14,  from  11  to  20,  and  thence  through 
the  relay  20-19,  thus  closing  the  reversing  switch  O  and  causing 
current  to  flow  in  the  stator  windings.  The  motors,  therefore,  start 
up  with  all  rotor  resistance  in.  At  panel  14  an  auxiliary  contact 
connects  wire  6  with  the  line  so  that  finger  6  on  the  master  switch 
is  now  energized.  On  the  next  point  on  the  master-switch  contact 
6-7  is  made.  This  completes  circuit  7-48  and  closes  the  accelerating 
contactors  on  panels  1  and  6,  cutting  out  the  first  step  of  rotor 
resistance,  and  speeding  up  the  motor.  The  other  successive  points 
on  the  master-switch  cut  out  successive  resistance  steps  in  the  rotor 
circuit  increasing  the  motor  speed. 

When  the  span  is  from  10°  to  15°  from  its  fully  open  position  the 
leaf-limit  switch  opens  contact  1-11  and  the  reversing  switch  flies 
open  deenergizing  the  motor. 

LIMIT  SWITCHES 

Figure  44  on  page  55  illustrates  the  general  arrangement  of  a 
limit  switch  similar  to  the  one  used  in  this  case  except  that  two 
traveling  wheels  are  shown  in  the  figure  while  only  one  is  used  on 
the  bridge  described.  Ordinarily  the  limit  switch  should  be  placed 
as  near  the  main  trunnion  as  possible  to  avoid  variation  in  timing 
due  to  backlash  on  the  power  gears.  This  main  trunnion,  however, 
is  a  very  slow  moving  shaft,  and  a  large  number  of  back  gears  would 
be  necessary.  The  back  gears,  when  used,  should  be  made  of  hard- 
ened and  heat-treated  metal  and  should  be  polished  to  reduce  back- 
lash (by  running  each  gear  with  its  mate  using  an  abrasive). 

Sometimes  the  limit  switch  is  arranged  to  turn  through  an  angle 
equal  to  the  opening  angle  of  the  leaf  without  any  speed  increase. 
In  other  words,  the  limit  switch  is  simply  a  master  switch  set  on 
its  side  with  its  shaft  keyed  to  the  main  trunnion.  As  the  trunnion 
moves  through  the  opening  angle,  the  master-switch  shaft  moves 
through  the  same  angle  and  makes  and  breaks  the  desired  contacts. 
This  design  eliminates  the  necessity  for  a  large  number  of  back 
gears,  but  introduces  a  sliding  electrical  contact  with  the  consequent 
danger  of  sparking  and  smoking.  A  switch  of  this  type,  but  with 
one  set  of  gears  to  increase  the  angle  of  rotation  of  the  contactor 
shaft,  is  shown  in  Figure  45. 

Figure  57  shows  that  as  the  bridge  is  started  upward  from  the 
closed  position  the  moving  contactor  wheel  on  the  leaf  limit  switch 
moves  toward  the  top  of  the  drawing. 

The  pilot  light  indicating  bridge  closed  is  glowing,  but  all  other 
lights  are  out :  contact  1-11  is  closed  (having  been  closed  on  the  last 
downward  trip  of  the  limit  switch,  but  contact  5-25  is  open,  having 
been  opened  just  before  the  bridge  was  closed  on  the  last  trip). 

As  the  limit-switch  contactor  wheel  W  travels  upward,  its  first 
function  is  to  trip  the  switch  closing  the  circuit  52-56,  thus  causing 
the  lamp  indicating  nearly  closed  or  10°  open,  15°  open,  etc.  (as  may 
be  desired),  to  glow. 
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Its  next  function  is  to  close  contact  5-25.  This  contact  controls 
the  reverse  or  downward  motion  of  the  leaf  (see  master-switch  wir- 
ing) ,  and  was,  of  course,  opened  at  this  same  point  on  the  last  trip 
down.  It  must  be  closed  at  this  point,  else  the  operator  would  not 
be  able  to  lower  the  bridge  on  the  next  trip. 

The  third  function  of  the  limit  switch  is  to  open  contact  1-11, 
cutting  off  power  from  wire  11  on  control  panel  14,  and  causing  the 
reversing  switch  at  O  to  fly  open,  thus  cutting  off  current  to  the 
motors.  At  a  certain  point  on  the  travel  of  this  contactor  wheel  the 
nearly-open  or  60°-open  light  circuit  is  closed,  and  at  the  end  of 
travel  the  bridge-open  light  is  also  made  to  glow. 

On  the  return  or  downward  trip,  contact  1-11  is  remade,  the  lights 
are  extinguished  one  by  one,  and  at  a  predetermined  position  near 
the  end  of  the  return,  contact  5-25  is  opened,  thus  opening  the 
reversing  switch  C  on  control  panel  14  which,  in  turn,  cuts  off 
current  from  the  hoisting  motors. 

The  limit  switch  also  applies  the  brakes  (motor-mounted)  at 
certain  predetermined  points.  This  may  be  accomplished  in  a 
number  of  ways,  and  is  not  shown  in  Figure  57. 

The  small  pilot  lights  indicating  the  position  of  the  bridge  may 
be  of  different  colors  if  desired.  These  lights  are  located  on  the 
operating  board.  If  desired,  other  positions  of  the  leaf  may  be 
indicated  by  introducing  additional  contacts  on  the  limit  switch. 

Current  may  be  applied  to  the  motors  after  the  limit  switches 
have  operated  by  means  of  the  short-circuiting  push  buttons  shown 
in  the  diagram. 

OVERLOAD   RELAYS 

Referring  to  panel  17  on  the  remote-control  board,  it  will  be  seen 
that  if  the  stator  current  rises  to  a  certain  predetermined  value  the 
solenoid  cores  will  be  drawn  up,  opening  contacts  48-16,  or  16-17. 
This  breaks  the  circuit  through  relay  46-17  on  panel  11,  and  at  the 
same  time  breaks  auxiliary  contacts  46-47  and  17-19,  thus  opening 
the  reversing  switch  and  putting  on  all  solenoid  brakes. 

The  opening  of  contact  48-16  or  16-17  on  the  overload  relay  is 
only  momentary,  inasmuch  as  the  rising  solenoid  core  also  closed 
the  contact  51-48  or  18-16,  and  relays  2-51  or  2-18  at  once  remade 
the  circuits  48-16  or  16-17.  This  arrangement  is  quite  common  in 
industrial  wiring,  and  is  known  as  an  automatic-electrical  reset 
which  has  been  described. 

This  momentary  break  in  the  circuit,  however,  is  sufficient  to  open 
contact  46-47  on  panel  11,  so  that  the  entire  control  board  remains 
dead  until  the  start  push  button  is  again  pressed. 

The  purpose  of  these  overload  relays  is  to  prevent  the  possibility 
of  a  destructively  high  current  flowing  through  the  stator  coils  due 
to  an  excessive  load  on  the  leaf,  or  for  other  reasons. 

CURRENT-LIMIT  RELAYS 

In  order  to  prevent  the  operator  from  cutting  out  the  various 
steps  of  rotor  resistance  too  rapidly  and  inducing  high  motor  cur- 
rent and  a  low  power  factor,  there  is  provided  a  system  of  auxiliary 
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contacts  with  wiring  leading  through  a  system  of  current-limit 
relays. 

The  rotor  resistance  for  motor  A  is  varied  by  means  of  the  jacks 
or  magnetic  accelerating  contactors  on  panels  1,  2,  3,  4,  and  5.  Mo- 
tor B  is  operated  through  contactors  6,  7,  8,  9,  and  10  in  exactly 
the  same  manner.  Therefore,  for  the  purpose  of  illustration,  motor 
A  may  be  considered  alone. 

Consider  the  contactor  on  panel  1  open,  and  the  motor  running 
with  all  resistance  in.  At  the  instant  this  contactor  is  closed,  the 
rotor  currents  increase  (due  to  the  decrease  in  rotor  resistance)  and 
the  motor  speeds  up.  The  stator  currents  also  increase  to  overcome 
the  demagnetizing  tendency  of  the  rotor  currents. 

At  the  instant  the  main  contactor  on  panel  1  was  closed  (or 
slightly  later,  depending  upon  the  adjustment  of  the  contacts)  the 
auxiliary  contact  23-24  was  made,  but  the  increased  stator  current 
has  opened  contact  50-48  on  the  current  limit  relay  (panel  18)  and 
very  little  current  flows  through  wire  24  (since  the  resistance  of  the 
relay  48-24  is  very  high). 

The  22  side  of  relay  22-8  on  panel  2  is,  therefore,  practically 
dead,  and  even  if  the  master  switch  were  moved  to  the  next  point 
(energizing  point  8  from  the  other  side  of  the  line)  insufficient 
current  would  flow  through  relay  8-22  to  close  the  jack. 

As  the  motor  speeds  up,  however,  the  stator  current  drops  until 
the  core  of  the  current-limit  coil  is  pulled  down  by  the  balance  relay, 
making  contact  50-48.  This  contact  shunts  the  current  in  wire  24 
around  the  high  resistance  of  relay  24-48  (panel  18)  and  instantly 
point  22  on  panel  2  is  energized. 

Then,  and  not  until  then,  can  this  switch  be  closed  by  energizing 
point  8  through  the  master  switch.  Contact  48-22  on  panel  2  is 
made  and  contact  23-22  is  broken  with  the  closing  of  the  contactor 
on  panel  2  so  that  this  contactor  is  held  in  the  closed  position  there- 
after by  means  of  the  circuit  42-22-8  and  further  operation  on  this 
panel  is  independent  of  the  stator  current.  If  this  were  not  pro- 
vided for,  any  further  current  increase  would  cause  this  contactor 
to  fly  open  which  is  obviously  not  the  purpose  of  these  current-limit 
relays. 

In  a  similar  manner,  contact  30-29  on  panel  2  energizes  one  side 
of  the  relay  on  panel  3  as  soon  as  contact  48-49  on  the  current-limit 
relay  drops  in  place,  and  so  on  for  each  of  the  five  magnetic  accelerat- 
ing contactors. 

This  arrangement  insures  a  proper  time  sequence  in  closing  the 
contactors,  and  eliminates  the  possibility  of  cutting  out  any  resist- 
ance step  before  the  motor  has  attained  its  proper  speed.  Were  it 
not  for  this  arrangement,  a  careless  operator  might  frequently  cut 
out  resistance  with  such  rapidity  as  to  operate  the  overload  relays, 
killing  the  entire  board,  and  resulting  in  a  jerking  and  uneven  move- 
ment of  the  leaf.  The  life  of  a  bascule  span  depends  to  a  great 
extent  on  the  elimination  of  such  unnecessary  jars  and  shocks. 

It  will  be  observed  that  the  last  two  jacks  operate  from  one  point 
on  the  controller,  the  time  sequence  of  closing  (for  panels  4  and  5) 
being  entirely  controlled  by  contact  30-37  (panel' 4)  and  the  current- 
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limit  relay.     This  arrangement  is  termed  a  time-element  switch,  or 
contactor. 

CENTER-LOCK  MOTOR  CONTROL 

Figure  57  illustrates  the  general  arrangement  of  limit  switch,  re- 
sistance elements,  reversing  switches,  etc.,  for  the  center-lock  control 
which  involves  no  new  features  and  does  not  require  detailed 
discussion. 

Since  the  load  is  light,  the  variable  rotor  resistance  might  very  well 
be  omitted,  using  a  squirrel-cage  motor.  The  saving  in  cost,  how- 
ever, would  be  very  small. 

The  power  circuits  in  this  case  are  taken  through  the  contactor 
which  is  a  manual  controller  rather  than  a  master  switch. 

GENERAL  REMARKS 

Figure  57  is  typical  of  working  drawings  prepared  by  manufactur- 
ers except  that  considerable  explanatory  matter  has  been  added. 

The  engineer  in  charge  of  the  erection  of  a  bascule  span  must  be 
able  to  check  a  wiring  diagram  of  this  kind,  and  to  trace  out  the 
various  circuits  and  their  functions,  else  he  can  not  possibly  give  the 
work  the  intelligent  supervision  it  deserves. 

The  wiring  diagram  of  Figure  57  is  only  one  of  many  possible 
arrangements,  but  a  careful  study  of  the  drawing  and  explanatory 
matter  will  give  the  engineer  an  understanding  of  the  subject  suffi- 
cient to  enable  him  to  prepare  an  intelligent  preliminary  sketch  and 
to  cooperate  with  the  electrical  contractor  in  working  out  the  most 
efficient  and  economical  arrangement  for  the  particular  problem 
before  them. 

No  attempt  has  been  made  to  describe  the  interlocking  for  road- 
way gates  and  signals  employed  for  this  particular  bridge  as  the 
general  principles  involved  have  already  been  discussed  and  an 
example  of  gate  and  traffic-barrier  interlocks  is  discussed  on  page  83. 

CONTROL   SYSTEM   FOR  A  RIM-BEARING   SWING   SPAN  USING 
ALTERNATING  CURRENT 

The  wiring  and  control  assembly  for  the  double-leaf  bascule  just 
described  may  be  termed  a  fairly  complex  installation,  although  it 
is  not  as  complicated  as  that  for  many  of  the  larger  bascule  struc- 
tures. The  installation  which  is  now  to  be  considered  has  been 
selected  as  representative  of  a  much  simplier  type  oi  control. 

Figure  59  shows  the  general  layout  of  the  wiring  for  this  struc- 
ture which  is  a  rim-bearing  swing  span,  235  feet  in  over-all  length. 
The  traffic  over  this  structure  and  the  openings  required  were  not 
sufficient  to  warrant  the  installation  of  power  gates  or  traffic  barriers, 
and  no  attempt  was  made  to  interlock  traffic  lights,  sirens,  and  other 
signals  with  the  span  movement. 

Electric  power  is  delivered  at  a  small  power  house  built  on  the 
bank  of  the  stream,  and  the  main  switchboard  is  a  very  simple  affair, 
as  it  need  only  provide  space  for  a  power  meter,  and  the  line  switches 
for  power  and  lighting  circuits. 

The  power  line  supplies  3-phase,  220-volt,  alternating  current  and 
is  run  to  the  center  of  pivot  pier  through  a  submarine  cable  termi- 
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nating  in  three  single-throw,  3-pole,  inclosed  safety  switches,  pro- 
tected with  refillable  fuseS.  These  three  safety  switches  feed  three 
magnetic  contactors,  one  for  each  of  the  end  wedges,  and  one  for 
the  swinging  or  turning  motor.  The  wedge  contactors  are  of  the 
reversing  type,  with  a  temperature  overload  relay  wired  as  an 
integral  part,  and  are  operated  by  a  push  button,  and  a  drum-type 
controller  is  provided  for  the  swinging  motor.  The  wedge  motors 
are  direct  line  connected  and  of  the  squirrel-cage  induction  type,  and 
the  turning  motor  is  of  the  slip-ring  induction  type,  with  the  rotor 
resistance  w4red  to  cut  out  in  successive  steps  on  the  controller.  No 
current-limit  relays  are  provided,  as  the  installation  is  small  and  each 
magnet  contactor  is  protected  with  a  temperature  relay.  The 
swinging-gear  and  wedge-motor  circuits  are  suitably  interlocked  as 
indicated  at  A,  B,  and  C.  The  entire  control  assembly  is  mounted 
at  the  side  of  the  roadway  in  the  plane  of  the  trusses  in  a  weather- 
proof metal  cabinet  which  is  kept  locked  except  during  operation. 
The  operator  goes  to  the  center  of  the  span,  unlocks  the  control  cabi- 
net, and  completes  the  entire  operating  cycle  at  one  station  in  full 
view  of  both  roadway  and  waterway. 

The  detailed  arrangement  of  Aviring  is  evident  from  Figure  59. 
However,  a  few  explanatory  paragraphs  may  be  helpful  in  under- 
standing the  workings  of  the  installation.  The  operating  sequence 
is  completely  given  in  Figure  59.  The  detailed  wiring,  however, 
may  need  some  explanation. 

CONTROL  WIRING 

When  the  three  safety  switches  are  closed,  each  end-wedge  circuit 

is  energized  as  follows,  L2-8-1 1-9-7-2  ,  etc.,  down  to  point  4 

on  the  release  push  button  on  one  side  of  the  line,  and  L3-5-6-6  on 
the  other  side  of  the  line.  When  the  release  button  is  operated,  con- 
tact 4-6  is  made,  and  the  wedge-motor  circuit  is  closed  in  the  release 
direction.  This  is  accomplished  by  the  attraction  of  operating  relay 
2-7,  which  also  closes  auxiliary  contact  4-10,  which  shunts  ^10-6 
around  the  release  push  button,  so  that  the  wedge  motors  continue 
to  operate  after  the  push  button  is  released. 

The  control  circuit  will  be  opened  and,  therefore,  the  wedge 
motors  will  be  inoperative  under  the  following  conditions : 

(1)  When  the  wedges  have  been  fully  released.  This  is  accom- 
plished by  means  of  the  limit  sw^itches  B  (one  at  either  end  wedge) 
by  means  of  which  the  control  circuit  is  opened  at  either  one  or  both 
of  the  contacts  2A-2. 

(2)  When  the  stop  push  button  is  pressed.  This  opens  contact 
5-6,  opens  relay  2-7,  and  therefore  opens  contact  4-10.  A  reestab- 
lishment  of  contact  5-6  on  the  stop  button  (by  releasing  the  button) 
will  not  remake  the  control  circuit,  as  it  is  now  broken  at  auxiliary 
contact  4-10,  and  can  only  be  remade  through  the  release  button. 
The  stop  button,  therefore,  stops  the  mechanism  at  any  point 
permanently. 

(3)  When  the  drive  button  is  operated.  This  breaks  contact  2-4 
and  opens  the  control  circuit.  It  is  seen  that  the  push-button  in- 
stallation furnishes  an  effective  reversing  interlock. 

(4)  When  the  temperature  relay  opens  the  control  circuit  at  con- 
tact 8-11.    This  furnishes  overload  protection  to  the  wedge  motors. 
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On  the  return  trip  the  wedge  motor  is  actuated  by  the  control 
circuit  energizing  operating  relay  3-9  and  the  circuit  is  completed  at 
1-6  (the  drive  button),  and  the  shunt  contact  1-6  on  the  contactor 
panel.  This  circuit  may  be  opened  at  either  of  the  limit  switches 
A  (contacts  3-3A),  the  release  button  (contact  1-3),  the  stop  button 
(contact  5-6),  or  the  temperature  relay.  The  same  interlocks  are 
therefore  furnished  for  the  drive  direction  of  the  wedge  motors  as 
are  furnished  in  the  release  direction. 

The  magnetic  panel  controlling  the  swinging-gear  motor  is  not 
of  the  reversing  type,  and  reversing,  acceleration,  and  starting  com- 
pensation are  controlled  by  the  drum-type  controller.  The  first 
point  on  this  controller  in  either  direction  closes  the  control  circuit 
operating  the  line  contactor  relay  2-4.  This  control  circuit  is  wired 
through  contact  switch  C  on  the  end  wedges,  thus  rendering  it  im- 
possible to  put  power  to  the  swinging  gear  until  both  end  wedges 
are  fully  released.  The  dotted  lines  indicate  a  method  of  interlock- 
ing roadway  gates,  barriers,  and  signals  should  traffic  conditions 
demand  such  a  precaution  at  a  future  time. 

The  connection  of  circuits  between  fixed  and  moving  portions  of 
the  structure  is  through  a  spiral  length  of  flexible  submarine  cable 
supported  on  a  flat  platform  attached  to  the  pivot  pier  above  the 
masonry  and  below  the  level  of  the  roadway  deck.  There  is  enough 
slack  in  this  cable  to  permit  the  span  to  be  turned  through  180°  in 
either  direction,  the  coil  merely  adjusting  itself  to  the  position  by 
slipping  over  the  platform.  This  arrangement  eliminates  the  neces- 
sity for  sliding  contacts,  which  are  often  a  source  of  trouble  due  to 
sparking  and  flashing,  especially  if  they  are  so  located  as  to  be 
exposed  to  grease  or  dust. 

CONTROL  SYSTEM  FOR  A  SINGLE-LEAF  BASCULE  BRIDGE  USING 
ALTERNATING  CURRENT 

Figure  57  is  typical  of  drawings  submitted  by  manufacturers  or 
electrical  contractors  as  shop  or  working  drawings.  Figure  60  is 
the  type  of  drawing  which  should  be  prepared  by  the  engineer  for 
use  by  bidders,  and  shows  the  general  layout  and  arrangement  of 
circuits.  This  figure  does  not  indicate  detailed  wiring  but  only  the 
general  character  and  arrangements  of  circuits. 

The  general  plan  of  control  and  interlocking  used  on  this  job 
was  very  much  the  same  as  that  for  the  double-leaf  bascule  described 
on  pages  66  to  78. 

INCOMING  LINES  AND  SERVICE  CIRCUITS 

The  incoming  lines  go  directly  to  the  main  switchboard  in  the 
operator's  house.  Lighting  and  heating  circuits  are  taken  from  the 
power  company's  transformer  direct  to  the  switchboard  and  pass 
through  ordinary  knife  switches,  protected  by  cartridge  fuses.  The 
power  circuit  is  passed  through  a  3-pole,  oil-type  switch  with  inverse 
time  element  overload  relay,  and  suitable  low- voltage  protection. 
The  various  heating  and  lighting  circuits  and  the  location  of  all 
metering  devices  is  indicated  in  Figure  60. 
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MAIN  CONTROL  CIRCUIT 

This  circuit  is  taken  from  two  of  the  main  power  leads  through  a 
knife  switch  mounted  on  the  remote-control  board  as  shown  at  A. 
This  control  circuit  branches  at  point  B,  runs  through  the  overload 
relay  contacts  at  C  (which  are,  of  course,  normally  closed)  through 
the  stop  button,  through  the  start  button,  through  the  master-switch 
reset  (contact  10-11) ,  and  back  to  the  line  through  the  gate,  rear-jack, 
and  traffic-barrier  interlocks. 

To  close  this  control  circuit  it  is  necessary  to  set  the  master  switch 
on  either  neutral  or  point  1  or  2  either  way,  to  close  both  roadway 
gates,  to  set  the  traffic  barrier,  and  to  release  the  rear  jacks.  The 
control  circuit  may  then  be  completed  through  the  start  button, 
which  actuates  operating  relay  D,  closing  contacts  E  and  F,  and  re- 
leasing the  auxiliary  solenoid  brakes.  Contact  E  shorts  around  the 
start  button  and  the  master-switch  reset,  allowing  the  start  button 
to  be  released  and  the  master  switch  to  be  freely  operated.  Contact 
F  energizes  one  side  of  the  magnetic  reversing  contactors  at  points 
26  and  27. 

If  either  of  the  roadway  gates  be  raised  or  if  the  traffic  barrier  be 
cleared,  or  if  the  rear  jacks  be  moved  from  their  fully  released 
position,  or  if  an  overload  current  opens  contact  C,  the  main  control 
circuit  is  broken,  operating  relay  D  is  deenergized,  opening  contacts 
F  and  E,  and  applying  the  auxiliary  solenoid  brakes.  The  gates, 
barriers,  and  rear  jack  must  be  reset  by  hand.  The  overload  relay, 
however,  is  of  the  automatic  electrical  reset  type  and  reestablishes 
the  control  circuit  through  contact  G,  relay  K,  and  contact  I  an 
instant  after  it  is  broken  at  C. 

However,  the  momentary  interruption  of  the  current  has  opened 
contact  E,  and  after  the  gates,  barriers,  and  jacks  have  been  set,  it 
is  still  necessary  to  reset  the  master  switch  and  to  push  the  start 
button. 

The  stop  button  breaks  the  control  circuit  and  applies  the  auxiliary 
solenoid  brakes  at  any  point  in  the  operating  cycle  and  stops  all  span 
movement.  Before  the  span  may  be  continued  in  operation  the 
master  switch  must  be  reset  and  the  start  button  operated. 

The  master-switch  reset  in  combination  with  the  start  button  is 
complete  "  no  voltage  "  protection  for  the  entire  mechanism.  Should 
the  power  be  discontinued  at  any  time  during  the  operating  cycle, 
contact  E  is  opened  and  it  is  impossible  to  operate  the  span  from 
a  point  of  rest  on  any  power  notch  of  the  master  switch  above  point 
2  (the  first  power  point).  If  this  were  not  done  (if  contact  10-11 
were  cut  out  of  the  control  circuit)  it  would  be  possible  to  push  the 
start  button  and  start  the  lifting  motors  from  a  point  of  rest  and 
with  so  much  of  the  rotor  resistance  cut  out  as  to  quickly  kill  the 
circuit  at  the  overload  relay,  resulting  in  a  jerky  movement  of  the 
span. 

ROADWAY  GATES 

A  complete  operating  cycle  will  now  be  considered  step  by  step. 
The  first  operation  is  obviously  that  of  sounding  the  siren  and 
traffic  gong.  This  operation  could  very  well  be  interlocked  with 
the  roadway  gates  but  it  was  not  thought  to  be  necessary  in  this  case. 
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The  roadway  gates  are  then  closed  by  throwing  two  double-throw, 
inclosed  safety  switches  on  the  operator's  bench.  The  ordinary 
standard  arm  gates  equipped  with  their  own  motors  were  used. 
Gate  motors  are  generally  equipped  with  limit  switches  which  cut 
off  power  to  the  motor  at  both  upper  and  lower  limits  of  travel. 
The  motors  are  small  enough  to  be  connected  directly  to  the  line 
and  the  gates  can  be  operated  by  a  simple  double-throw  reversing 
switch  as  shown.  It  will  be  observed  that  the  gate-motor  circuit 
runs  through  a  door-t^^pe  switch  on  the  barrier  which  is  closed  only 
w^hen  the  barrier  is  clear  to  traffic,  so  that  after  the  barrier  is  once 
set  against  traffic  the  gates  can  not  be  moved  under  power. 


Figure  61. — A  rigid  type  barrier  of  tlie  bascule  type 
TRAFFIC  BARRIER 

The  next  operation  is  setting  the  barrier  against  traffic.  The 
barrier  is  a  rigid  frame  of  the  bascule  type,  located  in  the  roadway 
of  the  fixed  approach  at  the  outer  end  of  the  main  leaf  as  shown 
in  Figure  61.  It  is  operated  by  a  hydraulic  hoist  which  is  actuated 
by  two  solenoid  valves,  one  valve  being  used  to  raise  the  barrier,  and 
the  other  to  lower  it.  These  valves  are  controlled  by  a  simple 
reversing-type  inclosed  switch  as  indicated  in  Figure  60.  The 
barrier  valve  circuits  are  interlocked  with  both  gates  and  rear 
jacks. 

REAR  JACKS 


Setting  the  gates  and  barriers  to  oppose  traffic  resulted  in  opening 
the  gate  circuit  at  M  and  closed  a  door-type  switch  N  in  the  rear 
jack  control  circuit  on  the  release  side.  Up  until  this  time  the  con- 
trol circuit  for  the  rear  jacks  has  been  dead  on  this  side  of  the  line, 
thus  eliminating  the  possibility  of  traffic  over  an  unlocked  span. 
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The  rear  jacks  are  now  released  by  means  of  a  simple  reversing 
switch  on  the  operator's  board  which  operates  a  mechanically  in- 
terlocked magnetic  reversing  contactor  O.  As  the  rear  jacks  reach 
the  end  of  their  travel  a  limit  switch  cuts  off  power  to  the  magnetic 
reversing  contactor  and  resets  the  connections  for  reverse  movement. 
It  will  be  observed  that  the  instant  the  jacks  start  to  release,  the 
barrier-control  circuit  is  opened,  locking  the  barrier  against  traffic. 

OPERATION   OP  SPAN 

All  safety  devices  now  oppose  traffic  and  the  main-leaf  control 
circuit  is  open  at  only  the  start  button.  The  master  switch  is  at 
neutral.  The  start  button  is  pressed,  releasing  the  auxiliary  sole- 
noid brakes  and  energizing  the  main-leaf  reversing  contactors  on 
one  side  of  each  of  the  operating  relays  26  and  27.     . 

The  master  switch  is  now  moved  to  point  1  on  the  raise  side, 
making  the  contact  h-20  and  20-25  through  the  leaf  limit  switch, 
thus  completing  the  control  circuit  for  the  motor-mounted  solenoid 
brakes,  and  releasing  them.  Point  2  on  the  master  switch  makes 
contact  6-22  and  this  contact  in  conjunction  with  contact  22-26  on 
the  limit  switch  closes  operating  relay  26  on  the  reversing  contactor 
and  puts  power  to  the  motor.  Successive  points  on  the  master 
switch  make  the  contacts  &-30,  &-40,  and  h-50  which  energize  the 
operating  relays  on  the  magnetic  accelerating  contactors,  thus  cutting 
out  successive  steps  of  rotor  resistance  and  speeding  up  the  motor. 

The  last  resistance  step  is  wired  to  cut  out  automatically  as  soon 
(after  contact  50  has  been  made)  as  the  stator  currents  drop  to  a 
certain  value.  This  arrangement  is  termed  a  time-element  resist- 
ance step  and  results  in  five  speed  ranges  with  only  four  master- 
switch  control  points. 

As  the  span  moves  up  the  leaf-limit  switch  moves  as  indicated, 
first  breaking  the  jack-control  circuit  and  at  the  upper  limit  of  travel 
breaks  contact  22-26,  cutting  off  power  to  the  motors,  and  then 
breaks  contact  20-25  and  applies  the  motor-mounted  brakes.  The 
interval  between  the  breaking  of  these  two  contacts  may  be  varied 
to  produce  a  suitable  drift  period. 

The  short-circuiting  buttons  for  the  leaf -limit  switch  permit  oper- 
ation beyond  the  upper  and  lower  limits  of  travel,  and  the  interlock 
short-circuits  permit  operation  in  case  any  device  or  mechanism  is 
inoperative. 

It  will  be  noted  that  the  motor-mounted  brakes  are  wired  in  series 
with  contact  F,  which  makes  these  brakes  operative  whenever  relay 
D  is  open.  The  stop  button,  the  overload  relay,  or  any  of  the  inter- 
locks in  the  leaf-control  circuit,  therefore,  set  all  three  of  the  brakes. 

Figure  60  makes  clear  the  operation  on  the  return  trip  as  well  as 
the  wiring  for  indicator  and  service  lights. 

CONTROL   SYSTEM   FOR   A   VERTICAL-LIFT   SPAN   USING   DIRECT 

CURRENT 

The  three  examples  which  have  been  given  are  all  alternating- 
current  assemblies.  Direct-current  control  involves  no  new  princi- 
ples, and,  in  fact,  is  much  the  same  except  for  the  method  of  speed 
regulation. 
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Figure  62  illustrates  a  method  of  magnetic  control  for  a  direct- 
current  lifting  motor  and  solenoid  brake  recommended  by  one  of  the 
larger  electrical  manufacturing  companies.  The  neutral  or  off  posi- 
tion of  the  master  switch  opens  the  motor  circuit  and  applies  the 
solenoid  brakes  with  all  reversing  contactors  open.  The  third  point 
on  the  master  switch  is  a  drift  point,  the  brakes  being  released  but 
no  power  applied  to  the  motor.  The  fourth  point  closes  the  reversing 
switch  with  contactors  A  to  F,  inclusive,  open,  thus  cutting  the  entire 
resistance  into  the  series  field  circuit  and  opening  the  armature 
shunt.    The  fifth  point  closes  contactor  F,  cutting  out  one  step  of 
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resistance  in  the  series  field,  and  each  succeeding  point  cuts  out  an 
additional  resistance  step  until  the  motor  is  running  at  full  accelera- 
tion with  all  resistors  out  of  the  series  field  circuit. 

For  deceleration  contactors  C  to  F  are  opened  in  order,  cutting 
each  resistor  in  turn  into  the  field  circuit.  As  the  master-switch 
handle  is  moved  back  to  point  3,  the  reversing  contactors  are  opened 
and  the  motor  is  made  to  idle  or  drift  under  the  momentum  of  the 
bridge.  Point  2  again  closes  the  reversing  contactoi-s  and  also  con- 
tactor A,  thus  shunting  the  armature  and  causing  the  motor  to  slow 
down.  Point  1  closes  both  contactors  B  and  A,  decreasing  the  re- 
sistance of  the  armature  shunt  and  causing  the  motor  to  slow  down 
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still  further.  These  last  two  points  provide  for  two  "  creeping  "  or 
very  low  speeds,  and  as  the  motor  is  made  to  slow  down  the  moving 
mass  quickly  overhauls  it,  and  as  soon  as  it  does,  dynamic  braking 
takes  place'. 

The  second  master-switch  point  provides  armature  shunt  for  me- 
dium slow-down  torque  while  the  first  master-switch  point  provides 
heavy  slow-down  torque.  This  method  of  deceleration  (by  means 
of  armature  shunt)  is  considered  by  some  engineers  to  be  a  better 
method  for  dynamic  deceleration  than  the  method  of  dynamic  brak- 
ing described  on  page  64. 

Figure  63  shows  the  wiring  diagram  for  the  complete  installation. 

CONCLUSION 

The  wiring  diagrams  discussed  are  only  a  few  of  many  possible 
arrangements,  and  the  treatment  given  them  can  not,  in  the  limited 
available  space,  include  many  of  the  points  which  are  thoroughly 
covered  in  standard  texts  and  descriptive  technical  bulletins  issued 
by  the  larger  electrical  manufacturing  companies.  A  careful  study 
of  these  diagrams,  however,  should  serve  to  give  to  the  bridge  engi- 
neer an  understanding  of  fundamental  principles  sufficiently  thor- 
ough to  enable  him  to:  Discuss  his  problems  intelligently  with  the 
electrical  manufacturer  and  contractor;  formulate  his  requirements, 
in  the  form  of  a  general  layout  plan  and  specifications,  in  a  clear-cut 
and  definite  manner,  and  in  sufficient  detail  to  enable  the  electrical 
contractor  to  submit  an  intelligent  bid  on  the  proposed  work ;  check 
the  shop  drawings  and  wiring  diagrams  submitted;  intelligently 
supervise  the  installation  of  the  assembly ;  and  maintain  the  assembly 
in  service  with  a  minimum  of  repairs  and  service  interruptions. 

MAINTENANCE  OF  INTERLOCKING 

It  is  important  that  electrical  interlocking  be  frequently  inspected 
and  carefully  maintained.  The  existence  of  electrical  interlocks  af- 
fords a  sense  of  security  that  may  lead  to  carelessness  in  operation. 
All  interlocks  should  be  carefully  tested  out  at  least  once  each  month 
in  the  presence  of  the  chief  bridge  operator  and  the  engineer  in 
charge  of  bridge  maintenance. 

The  following  blank  form,  prepared  for  reporting  interlock  tests 
on  the  single-leaf  bascule  bridge  described  on  pages  82  to  85,  illus- 
trates one  method  of  tabulating  and  reporting  these  data. 

Report  blanks  should  be  designed  to  fit  the  particular  type  of 
interlocking  used,  and  in  general,  no  two  forms  will  be  exactly  the 
same  unless  the  interlocking  assemblies  are  duplicates.  Each  report 
should  be  signed  by  all  present  who  witnessed  the  test,  and  should 
be  dated.  This  report  may  prove  a  valuable  exhibit  in  the  event  of 
a  future  accident  involving  an  official  inquiry  or  litigation. 

In  the  sample  interlock  report  given  below,  the  data  included  in 
italics  represents  those  items  which  are  to  be  filled  in  during  the  prog- 
ress of  the  test,  the  balance  of  the  subject  matter  being  part  of  the 
printed  form, 
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MONTHLY  REPORT  ON  INTERLOCKS   AND  ELECTRICAL  SAFEIY  DEVICES  FOR  THE  SINGLE- 
LEAF  BASCULE  SPAN  OVER  THE  LEWIS  AND  CLARK  RIVER,  ASTORIA,  OREG. 

1.  Roadway  gate  circuit: 

Barrier  set  against  traffic —  Barrier  cleared  to  traffic- 
North  gate dead North  gate operates 

South  gate dead South  gate operates 

2.  Barrier  circuit   (gate  interlock)  : 

Both  gates  up  (cleared  to  traffic),  barrier dead North  gate  down. 

barrier dead South     gate     down,     barrier dead Both 

gates  down,  barrier operates 

3.  Jack  circuit  release : 

Barrier  set  against  traffic operates Barrier  cleared dead 

Jack  circuit  drive, 

Leaf  down operates.  Leaf  partly  up dead 

4.  Main  leaf  circuit : 

Both  gates  down,  barrier  set  against  traffic  and  rear  jack  driven,  main 

leaf dead 

Both  gates  down,  barrier  set  against  traffic  aud  rear  jack  released,  main 

leaf operates 

Both  gates  down,  barrier  clear,  rear  jack  released,  main  leaf dead 

Both  gates  down,  barrier  clear    (but  shorted)    rear  jack  released,   main 

leaf operates 

North  gate  up  (by  hand),  barrier  raised,  rear  jack  released,  main  leaf 

dead 

South  gate  up  (by  hand),  barrier  raised,  rear  jack  released,  main  leaf 

dead 

5.  Main  leaf  limit  switches: 

Upper operates  O.  K .  Lower operates  O.  K 

6.  Main  leaf  limit  switch  short  circuits: 

Upper operates  O.  K Lower operates  O.  K 

7.  Start  push  button  station :  O.  K. 

8.  Stop  push  button  station  :  O.  K.,  tested  hoth  yoinff  up  and  going  doivn. 

9.  Indicator  lamps : 

For  navigation  lights,  0.  K. 
For  position  of  leaf,  O.  K. 
For  barrier  motor,  O.  K. 
Above  inspection  made  April  25,  1930.    By 

The  following  are  a  few  simple  rules  with  reference  to  the  installa- 
tion of  electrical-control  apparatus,  its  maintenance  and  the  renewal 
of  parts : 

All  parts  should  be  inspected  at  regular  intervals,  and  should  be  kept  free 
from  dirt,  oil,  or  grease. 

Contact  tips  should  be  carefully  inspected  and  replaced  when  worn.  An 
ample  supply  of  spare  coils  and  contact  tips  should  be  kept  on  hand  at  all 
times. 

Special  attention  should  be  paid  to  the  maintenance  of  clean  contacts.  Oil 
should  not  be  used  on  the  main  copper  contacts  as  it  tends  to  shorten  their 
life.  If  they  become  pitted  or  rough,  they  should  be  cleaned  with  an  emery 
cloth  or  very  fine  file. 

All  connections,  binding  posts,  etc.,  should  be  frequently  inspected  for  loose 
contacts. 

Grid  resistor  units  should  be  kept  tightly  clamped  together. 

A  complete  wiring  diagram  of  the  electrical-control  system  should  be  furn- 
ished the  operator.  (One  copy  of  this  wiring  diagram  should  preferably  be 
mounted  under  glass  in  the  operator's  house  for  permanent  record.)  This 
wiring  diagram  should  be  complete  enough  to  enable  the  operator  to  trace  out 
all  connections. 

Contacts  with  mechanical  interlocks  should  be  kept  in  such  adjustment  as  to 
provide  a  very  slight  play.  This  play,  however,  must  not  be  great  enough  to 
permit  a  circuit  to  be  made  through  both  contactors  at  the  same  time. 

Auxiliary  contactors  for  electrical  interlocking  are  generally  adjusted  at  the 
factory,  but  their  adjustme«it  should  be  carefully  watched.     In  general,  aux- 
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iliary  contacts  will  be  made  and  broken  simultaneously  with  the  main  contacts. 
For  current  limit  protection  and  other  uses  it  may  be  necessary  to  adjust  these 
auxiliary  contacts  to  make  circuits  slightly  before  or  slightly  after  the  main 
contacts. 

The  line  voltage  should  be  carefully  watched,  and  contactors  should  not  be 
allowed  to  operate  on  a  voltage  more  than  10  per  cent  greater  than  that  for 
which  they  are  designed,  as  this  results  in  a  deterioration  of  the  insulation, 
increase  in  the  pounding  effect  when  the  armature  is  attracted,  a  noisier 
operation,  and  a  greater  likelihood  of  breaking  contact  tips. 

Where  panel  replacements  are  made,  care  should  be  exercised  that  the  panels 
are  mounted  in  a  true  vertical  plane  so  that  the  contactors  will  readily  open 
by  gravity.     This  also  applies  as  a  construction  precaution. 

The  entire  apparatus  should  be  properly  grounded.  Grounding  terminals 
are  generally  provided,  except  when  conduit  connections  are  used,  in  which 
case  the  conduits  aftord  sufficient  ground  protection. 

Resistors  should  be  mounted  with  the  grids  in  a  vertical  plane  and  so 
located  as  to  permit  of  adequate  ventilation.  One  manufacturing  company 
recommends  that  6-inch  spaces  be  used  between  resistor  boxes,  stacked  ver- 
tically, and  that  the  stacks  be  12  inches  apart. 

The  lieat  from  resistors  is  likely  to  cause  damage  if  the  grids  are  placed 
sufficiently  close  to  any  material  or  surface  which  will  be  damaged  from 
heat.  In  this  connection  it  may  be  well  to  point  out  the  necessity  for  ample 
resistor  capacity  in  the  original  installation,  and  a  careful  inspection  of  the 
resistors  to  insure  that  they  are  functioning  properly. 

RECENT  DEVELOPMENTS  IN  ELECTRICAL  BRIDGE 

CONTROL^ 

Amon^  tlie  more  important  modern  developments  of  electrical 
apparatii.s  for  movable  bridges  have  been  the  following: 

(1)  The  adaptation  and  application  of  the  variable  voltage  sys- 
tem for  driving  the  moving  span  of  all  types  of  large  bridges; 
(2)  a  protective  and  speed-matching  indicator  system  that  makes 
possible  the  successful  performance  of  a  simplified  type  of  vertical- 
lift  bridge,  using  independent  hoisting  machines  for  each  end  of  the 
span;  and  (3)  light-sensitive  relays,  which  have  lately  become  a 
commercial  product  and  which  foreshadow  greater  refinement  in 
bridge  protective  devices  and  control  schemes. 

VARIABLE-VOLTAGE  CONTROL 

Comparison  of  the  variable-voltage  system  (from  the  standpoint 
of  apparatus  involved)  with  the  rheostatic  types  described  elsewhere 
in  this  bulletin,  indicates  all  items  about  equal,  except  that  the  for- 
mer employs  a  direct-current  generator  with  a  driving  motor  or 
engine,  where  the  latter  uses  a  magnetic  control  board  and  resistor. 
The  variable-voltage  system  offers  the  advantages  of  absence  of  com- 
plicated switching  and  control  devices,  an  absolute  guarantee  against 
excessive  torques  or  overload  conditions  which  are  hazardous  to 
hoisting  machinery  or  the  electrical  apparatus  itself,  and  a  system 
which  is  immune  to  abuse  by  careless  operation.  The  motor  of  the 
motor-generator  set  may  be  arranged  to  operate  from  any  com- 
mercial source  of  power,  either  direct  current  or  alternating  current, 
high  or  low  voltage.  This  system  is  also  particularly  adaptable  to 
the  use  of  an  internal  combustion  engine  as  a  prime  mover  for  the 
generator.  Choice  of  variable-voltage  drive  for  a  bridge  is  therefore 
not  limited  by  the  available  power  service,  and  opportunity  is  of- 

'  By  W.  R.  Wickerham,  electrical  engineer. 
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fered  to  make  use  of  more  than  one  power  source  as  a  standby  for 
emerf^ency  operation. 

Figure  64  is  an  elementary  diagram  of  a  movable  bridge  instal- 


lation using  variable-voltage  drive.  Use  may  be  made  of  any  one 
of  three  different  sources  of  power  to  drive  tlie  particular  generator 
supplying  the  turning  or  lifting  motors.    There  are  three  generators, 
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A,  K,  and  C,  identical  in  construction  and  in  method  of  connection  to 
the  turning  or  lifting  motors  and  each  controlled  by  the  variable- 
voltage  master  controller. 

Generator  A  is  driven  by  a  direct-current  motor.  The  diagram 
shows  this  motor  connected  to  a  single  wire  with  a  ground  connec- 
tion to  complete  the  circuit. 

Generator  B  is  driven  by  a  gasoline  engine  and  generatoi*  C  is 
driven  by  an  alternating-current  motor. 

If  for  any  reason  all  three  generators  should  become  inoperative 
the  turning  or  lifting  motors  may  be  driven  with  direct  current 
(from  outside  source)  bv  means  of  the  drum  controller  shown  on 
the  left. 

The  diagram  shows  a  pair  of  shunt  motors  connected  to  the  gen- 
erators and  also  an  alternate  arrangement  using  compound  motors. 

Attention  is  called  to  the  absence  of  any  complicated  switching 
from  the  main  armature  circuits  of  the  machines,  particularly  where 
shunt-wound  bridge  motors  are  used.  This  is  possible  since  the  out- 
put of  the  generator  can  be  made  to  conform  to  the  requirements  of 
the  motor  or  motors  for  all  o])erating  conditions,  both  in  magnitude 
and  polarity,  depending  on  the  tyj)e  used.  Contactors  and  resistors 
for  reversal  of  motor  rotation  and  for  limiting  tlie  current  input  are 
therefore  unnecessary.  The  output  of  the  generator  is  governed  by 
an  ordinary  drum  master  controller  through  manipulation  of  the 
shunt  fields  and  it  is  also  afl'ected  by  the  load  conditions  through 
the  medium  of  a  differential  series  field.  Consequently  all  switching 
for  speed  control  of  the  bridge  motors  is  limited  to  auxiliary  cir- 
cuits where  the  current  does  not  exceed  a  few  amperes. 

The  bridge  motors  may  be  either  shunt  or  compound  wound. 
Shunt  motors  will  be  used  where  simplicity  in  control  is  of  para- 
mount importance.  Compound  motors  have  additional  complication 
in  the  form  of  magnetic  reversing  contactors,  but  offer  a  slight  in- 
crease in  efficiency  as  regards  power  consumption,  when  two  motors 
are  used  to  drive  the  bridge.  The  lower  over-all  efficiency  of  shunt 
motors  which  should  be  connected  in  parallel,  is  due  to  the  use  of 
resistors  to  insure  an  equal  division  of  load  between  the  motors. 

Operation  of  the  motors  in  parallel  rather  than  series  results  in  a 
more  economical  design  of  generator.  When  two  motors  are  used  to 
drive  a  bridge  they  are  usually  of  such  size  that  one  may  be  cut  out 
in  an  emergency  and  the  bridge  operated  by  the  other  motor  alone. 
In  either  case,  the  power  input  to  the  motor  or  motors  (for  equal 
load)  will  be  the  same.  With  the  parallel  connection  the  nominal 
voltage  of  each  motor  is  the  same  as  that  of  the  generator  and  the 
removal  of  one  motor  from  the  circuit  in  no  way  affects  this  voltage. 
The  only  result,  so  far  as  the  motors  are  concerned,  is  that  with 
single-motor  operation  all  of  the  generator  current  must  be  absorbed 
by  one  motor  instead  of  being  divided  between  two.  The  nominal 
voltage  of  each  motor  when  connected  in  series  is  half  that  of  the 
generator,  hence  removal  of  one  motor  from  the  circuit  necessitates 
readjustment  of  the  generator  voltage  to  half  the  normal  value. 
The  current  must  then  be  doubled  in  order  to  maintain  the  same 
power  output.  This  is  illustrated  diagrammatically  in  Figure  65  and 
may  be  shown  symbolically  as  follows  * 
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Motors  in  parallel  Motors  in  series 

Power  (watts) EXI  EXI 

Volts  per  motor E  EI2 

Amperes  per  motor 7/2  I 

Volts  per  two  motors E  E 

Amperes  per  two  motors I  I 

Volts,  generator E  E 

Amperes,  generator /  7 

Single  motor  of  Single  motor  of 

parallel  arrangement  series  arrangement 

Power EXl  EXi 

Volts  per  motor E  EI2 

Amperes  per  motor 2X(7/2)  2X1 

Volts,  generator E  EI2 

Amperes,  generator I  2X7 

The  generator,  for  motors  in  parallel,  need  be  capable  of  delivering 
only  E  volts  and  /  amperes,  whereas  the  series  motor  connection 


PARALLEL  OPERATION  -  TWO  MOTORS 


PARALLEL  OPERATION 

1 


ONE    MOTOR 


E-0    I  MOTOR  I 
\ 


SERIES  OPERATION -TWO  MOTORS  SERIES  OPERATION-  ONE  MOTOR 

Figure  65. — Motor  characteristics  in  series  and  parallel  operation 

requires  that  the  generator  be  large  enough  to  deliver  E  volts  and 
2/  amperes. 

Equal  division  of  load  between  the  two  parallel-connected  motors 
depends  upon  overcoming  their  tendency  to  unload  with  increase  in 
load.  Three  factors  determine  the  flow  of  current  through  the  arma- 
ture of  any  motor,  namely,  the  line  voltage,  the  resistance  in  the 
armature  circuit,  and  the  counter  electromotive  force. 


or. 


^~  R 

£'iine  =  /^+CEMF 


(1) 


(2) 


The  latter  equation  states  that  the  line  voltage  is  equal  to  the 
resistance  drop  and  counter  electromotive  force  of  the  armature.     If 
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an  increase  in  current  is  accompanied  by  an  appreciable  increase  in 
either  of  the  latter  factors  there  will  be  a  reaction  against  this 
increase  in  current  and  hence  the  desired  unloading  tendency.  Both 
motors  (designated  as  A  and  B)  operate  from  the  same  impressed 
voltage ;  therefore  the  following  equation  is  true : 

I^Ra  +  CEMFa-E=IbRb  +  CEM¥b  (3) 

Equation  (3)  shows  that  for  balanced  conditions  of  load  the  total 
counter  voltages  in  each  motor  circuit  are  equal. 

For  constant  load,  any  increase  in  current  through  one  motor 
must  be  accompanied  by  a  like  decrease  in  current  through  the  other 
motor  and  therefore 

(lA  +  iA)  RA  +  CEMF^,  =  (lB-iB)  Rb +  CEM¥b  (4) 

This  equation  may  be  considered  to  apply  to  two  shunt  motors. 
The  total  counter  voltages  are  unbalanced  by  an  amount  equal  to  the 
difference  in  resistance  drop,  and  are  higher  in  the  circuit  carrying 
the  larger  current.  The  unbalance,  however,  is  very  slight  on  ac- 
count of  the  small  numerical  value  of  R,  and  can  not  be  relied  upon  as 
a  means  for  balancing  the  current  in  the  two  motors.  The  addition 
of  a  slight  amount  of  resistance  in  series  with  each  motor,  brings  the 
total  resistance  drop  to  a  value  that  will  produce  the  necessary  result. 
The  equation  then  becomes 

(lA  +  iA)  iRA  +  r^)  +  CEM¥A  =  {lB-iB)  {Rb  +  Vb) -^-CEMFb     (5) 

where  r=  external  resistance.  This  external  resistance  will  cause  a 
decrease  in  overall  efficiency  not  exceeding  4  per  cent. 

When  the  motors  have  compound  windings,  the  quantity  CEMF, 
in  the  above  equations  is  affected  by  change  in  current.  Counter 
electromotive  force  is  proportional  to  the  motor  speed  and  field  flux, 
and  the  latter  is  roughly  proportional  to  the  ampere-turns  producing 
the  flux.    This  may  be  expressed 

CEMF=^;\^/aS', 

where 

^=the  numerical  multiplier 
iV= turns  in  series  field  winding 
/= motor  amperes 
/S'= motor  speed 

Since  N  and  S  are  the  same  for  both  motors,  the  above  may  be 
written 

CEMF=KJ 

where  K^=^KNS,  Equations  (3)  and  (4)  when  applied  to  com- 
pound motors  may  be  written 

IaRa  +  KJa  =  IbRb  +  KJb  (6) 

{I A  +  ^A)  Ra  +  (/a  +  ^A)  i^i  =  {h  - ^b)  Rb  +  {h  - iB)K,  (7) 
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The  unbalance  in  the  counter  voltage  due  to  the  unbalance  current, 
^,  is  sufficient  to  guarantee  against  a  large  value  of  this  current.  This 
unbalance  is  caused  principally  by  the  factor  (/X/)^j,  in  other 
words,  by  a  change  in  the  generator  CEMF. 

Conclusions  in  regard  to  the  use  of  motors  with  variable  voltage 
control  may  be  briefly  stated  as  follows :  Shunt-wound  or  compound- 
wound  motors  may  be  used.  Both  types  provide  approximately  equal 
performance  as  regards  speed  and  torque.  Shunt  motors  offer  sim- 
plicity and  economy  in  wiring  and  apparatus,  but  operate  at  slightly 
reduced  efficiency  when  two  motors  are  used.  Compound  motors  offer 
maximum  efficiency,  but  involve  increased  complication  in  wiring 
and  apparatus. 

The  generators  used  with  this  system  are  arranged  to  operate 
at  constant  speed,  and  have  a  special  design  of  field  windings. 
Three  separate  field  windings  are  used,  two  of  Avhich  are  of  the 
shunt  type,  and  the  third,  a  series  type.  One  of  these  shunt  wind- 
ings, called  the  separately  excited  field,  is  energized  from  a  source 
of  constant  potential,  usually  supplied  hj  an  exciter  directly 
coupled  to  the  generator.  The  other  shunt  winding,  called  the  self- 
excited  field,  obtains  its  energy  from  the  terminals  of  the  generator 
itself.  The  series  winding  is  connected  directly  in  the  main  circuit 
of  the  generator,  and  its  polarity  is  such  that  it  opposes  the  magneto- 
motive force  of  the  two  shunt  windings.  The  reactions  of  these 
three  field  windings  are  such  that  the  terminal  voltage  of  the  gen- 
erator drops  slightly  as  the  load  increases  from  zero  to  normal,  but 
with  further  increase  in  load  drops  off  very  rapidly  permitting  the 
motors  to  stall  at  a  current  which  is  not  more  than  two  or  three 
times  the  normal  load  current  for  bridge  movement.  This  voltage 
characteristic  is  illustrated  by  curve  E^  —  I^  in  Figure  66. 

The  speed-torque  characteristics  are  approximately  the  same  as 
the  voltage-load  characteristics,  since  the  motor  speed  varies  directly 
as  the  generator  voltage  and  the  motor  torque  substantially  as  the 
generator  current.  It  is  obvious  from  this  that  the  system  in- 
herently provides  a  definite  maximum  torque  which  it  is  impossible 
to  exceed.  It  is  therefore  impossible  to  subject  the  machinery  to 
strains  or  overloads  by  careless  operation,  and  since  there  are  no 
protective  relays  there  can  be  no  damage  due  to  their  failure  to 
function.  This  safety  in  operation  may  result  in  the  reduction  of 
safety  factors  in  the  strength  of  the  hoisting  machinery,  since  such 
machinery  is  ordinarily  designed  to  withstand  excessive  torques  and 
shock,  such  as  might  be  delivered  by  other  types  of  drive  under 
abnormal  conditions. 

The  magnitude  of  the  generator  voltage,  and  hence  the  speed  of  the 
motors,  is  regulated  by  a  master  controller  of  the  usual  type,  operating 
principally  in  the  separately  excited  field  circuit.  Figure  66  shows 
three  curves  labeled  ^i-A,  E^-l i^  and  E^-h-  These  are  produced, 
respectively,  by  the  first  three  power  points  on  the  master  controller, 
and  are  the  net  result  of  the  reactions  of  the  separately  excited  field 
and  the  differential  series  field.  When  the  master  controller  is  moved 
to  the  first  power  point,  the  generator  voltage  tends  to  rise  to  E^. 
Current  immediately  flows  in  the  main  circuit  and,  due  to  the  differ- 
ential action  of  the  series  field,  the  ampere  turns  of  the  separately 
excited  field  are  nullified  to  a  certain  extent  so  that  a  voltage  only 
equal  to  RIi  (resistance  drop  of  the  circuit)  appears.    This  circu- 
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^NORMAL  TORQ.UE 

MAXIMUM  TORQUE; 

GENERATOR  AM  PERES - 
^VOLTAGE  CURVES 

MOTOR  SPEED-      I 
TORQUE  CURVES 
-HORSE  power' 


lates  a  current  of  h  amperes.  The  current  /i  may  be  in  excess  of 
normal,  and  if  so,  the  motors  will  accelerate  and,  due  to  the  accom- 
panying rise  in  CEMF,  the  armature  current  will  decrease  with  rise 
in  speed.  Decrease  in  armature  current  results  in  decreased  differ- 
ential field  action,  with  the  result  that  the  generator  voltage  now 
rises  in  proportion  to  increase  in  motor  speed  to  a  limiting  value  of 
Ex  for  no  load.  The  reaction  for  the  second  and  third  power  points 
are  identicaL 

It  will  be  noted  that  the  maxinuim  current  /a,  which  flows  in  the 
armature  circuits,  is  not  affected  by  the  last  two  powder  points  of 
the  controller  which  add  the  self-excited  shunt  field.  At  the  point 
of  maximum  current  the  ampere  turns  of  the  separately  excited  field 
are  neutralized  by  the  ampere  turns  of  the  differential  field.  Curves 
^4-/3  and  E.-h  are  produced  by  the  self -excited  field,  governed  by 
the  last  two  ])ower  points  on  the  controller,  and  it  will  be  noted  that 
these  result  in  increase  in  genera- 
tor voltage  (also  motor  speed)  but 
not  in  current.  The  maximum  am- 
pere turns  of  the  self-excited  field 
do  not  have  sufficient  magnitude 
to  build  up  or  maintain  the  gen- 
erator voltage  from  its  action 
alone.  Initial  voltage  must  be  es- 
tablished by  the  separately  excited 
field  before  the  self-excited  field 
can  become  effective.  Thus  when 
the  separately  excited  field  is  neu- 
tralized by  the  differential  wind- 
ing, the  self -excited  field  also 
collapses.  The  curved  shape  of  the 
curves  E^-I^  and  Er-I.^  is  due  to 
the  effects  of  a  saturation  of  the 
generator  field  poles.  There  is  an  excess  of  total  field  ampere  turns 
when  operating  on  curve  E-^  in  the  region  of  full  load.  AVith  medium 
increase  in  load  the  loss  of  net  ampere  turns  in  the  field  windings 
does  not  appreciably  effect  the  field  flux  on  account  of  pole  satura- 
tion. When  the  field  flux  reaches  the  point  where  saturation  no 
longer  exists,  there  is  a  rapid  collapse  as  illustrated  by  the  sharp  drop 
in  curve  E^h  for  high  current  value. 

The  adjustment  of  voltage  and  current  as  the  master  controller  is 
moved  from  point  to  point  never  occurs  abruptly,  due  to  an  inherent 
time  lag  in  the  flux  change  in  the  generator  fields,  and  also  because 
the  differential  field  always  tends  to  oppose  any  change  in  the  exist- 
ing load  current.  The  result  is  a  cushioning  effect  on  the  motor 
torque.  The  master  controller  may  be  jerked  from  the  off  position 
to  the  full  on  position  without  shock  to  the  machinery.  The  load 
current  in  this  case  rises  to  maximum  at  a  smooth  rate  in  approx- 
imately one  to  two  seconds.  The  gradual  rise  in  current  permits 
slack  to  be  taken  up  in  gears  before  heavy  torque  appears. 

Decrease  in  generator  voltage  on  returning  the  master  controller 
toward  the  off  position  results  in  its  becoming  less  than  the  motor 
CEMF,  which  is  always  proportional  to  the  bridge  speed.  The 
motors,  therefore,  act  as  generators,  reversing  the  flow  of  main  cur- 
rent and  supplying  negative  or  decelerating  torque  provided  the  load 


GENERATOR  AMPERES- MOTOR  TORQUE 

Figure     66. — Characteristic     curves 
variable-voltage  operation 


for 
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is  overhauling.  In  effect,  this  means  that  for  each  point  of  the 
master  controller  there  is  a  fairly  definite  motor  speed,  regardless 
of  whether  the  load  torque  is  positive  or  negative.  This  feature  is 
of  some  importance  on  bridges  which  are  not  exactly  counterbalanced 
throughout  full  travel,  since  there  is  no  tendency  to  "  run  away  '' 
such  as  would  be  the  case  with  certain  types  of  rheostatic  controllers 
when  the  load  is  overhauling.  This  feature  is  important  on  any 
bridge  for  purposes  of  "  slow  down,"  resulting  in  greatly  reduced 
duty  on  friction-type  brakes. 

A  study  of  Figure  66  indicates  that  the  i)ovver  input  into  this  sys- 
tem varies  from  theoretical  zero  with  the  motors  operating  at  max- 
imum speed  and  no  load,  to  a  maximum  at  some  intermediate  value 
of  speed  and  load,  and  back  to  zero  with  the  motors  stalled  at  maxi- 
mum torque.  Horsepower  is  the  product  of  voltage,  current,  and  a 
constant.  Zero  horsepower  at  full  speed  and  no  load  is  due  to  the 
absence  of  the  current  factor,  and  at  "  stall  "  it  is  due  to  the  absence 
of  the  voltage  factor.  This  is  a  most  important  feature  where  the 
generator  is  driven  by  an  internal-combustion  engine.  With  an  ordi- 
nary type  of  generator  and  rheostatic  control,  the  powder  input 
would  increase  directly  as  the  generator  current  output.  The  power 
of  the  engine  for  such  a  system  would  need  to  be  based  upon  the 
maximum  emergency  currents  required  for  operation  under  unusual 
ice  or  wind  loads  and  the  engine  would  therefore  be  considerably 
larger  than  required  for  normal  operation.  The  maximum  power 
input  for  the  variable-voltage  system  on  the  other  hand,  occurs  in  the 
region  of  normal  load  current,  and,  therefore,  the  engine  need  be 
only  large  enough  to  supply  this  power.  The  engine  will  never  be 
required  to  deliver  power  in  excess  of  this,  since  the  heavy  emer- 
gency torques  are  handled  at  reduced  power.  The  ratings  of  inter- 
nal-combustion engines  are  generally  such  that  they  have  little 
reserve  power,  but  since  the  variable-voltage  system  eliminates  the 
necessity  for  reserve  power  a  closely  rated  engine  may  be  safely  used. 

General  conclusions  on  the  performance  of  the  variable  voltage 
system  as  a  w^hole  may  be  summed  up  as  follows : 

The  machines  themselves  are  practically  immune  to  damage  from 
overload  due  to  careless  operation. 

The  maximum  torque  is  definitely  limited,  eliminating  the  possi- 
bility of  damaging  mechanical  strains  in  machinery. 

Protection  is  afforded  against  shock  or  jar  due  to  careless  opera- 
tion and  the  system  is  almost  ideal  in  giving  smooth  acceleration. 

Slow  down  (or  retarding  torque)  can  be  obtained  with  an  over- 
hauling load. 

Certain  advantages  may  be  realized  in  the  applicatioin  of  engine 
prime  movers. 

Full  automatic  starters,  controlled  remotely  by  start  and  stop 
push  buttons  on  the  operator's  board  can  be  used  for  motor  gener- 
ator sets.  Where  the  motor  uses  alternating  current  the  starter 
may  be  either  of  the  line  or  reduced-voltage  type.  The  line-type 
starter  employs  a  single  contactor,  or  oil  circuit  breaker  where  the 
voltage  is  above  600,  and  full-line  voltage  is  applied  directly  to 
the  motor  terminals  in  starting.  The  reduced-voltage  type  makes 
use  of  two  or  three  switching  devices  together  with  an  autotrans- 
former  or  reactor  for  the  purpose  of  applying  from  50  to  80  per 
cent  normal  voltage  to  the  motor  at  starting.     The  current  drawn 
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from  the  line  at  the  instant  a  line  starter  is  closed  may  reach  a 
value  approximately  600  per  cent  of  normal,  but  for  the  reduced- 
voltage  starter  the  current  may  be  limited  to  only  200  or  300  per 
cent  of  normal.  The  driving  motor  for  the  motor-generator  set 
for  a  large  bridge  may  be  rated  as  high  as  500  horsepower  in  some 
cases,  and  a  current  inrush  approximating  six  times  normal  current 
would  cause  objectionable  surges  and  voltage  fluctuations  on  a  pub- 
lic-service line  where  lighting  circuits  are  part  of  the  connected 
load.  The  bridge  engineer  will  probably  be  compelled  to  use  the 
reduced- voltage  type  starter  in  most  cases,  due  to  power-company 
regulations  which  prohibit  excessive  and  abrupt  demands  on  their 
lines. 

Auxiliary  and  control  circuits  handling  magnetic  brakes,  motor 
field,  generator  fields,  magnetic  contactors  and  relays,  electrically 
operated  circuit  breakers,  etc.,  can  be  supplied  with  power  at  115, 
230,  or  550  volts  direct  current  by  an  exciter  on  the  main  generator 
shaft.  Another  arrangement  makes  use  of  a  125-volt  storage  battery 
for  control  circuits,  which  may  also  be  used  for  emergency  lighting 
service,  in  the  event  of  a  failure  of  alternating-current  power.  This 
latter  arrangement,  of  course,  necessitates  the  use  of  a  small  auxiliary 
motor-generator  set  for  charging  the  battery. 

PROTECTIVE  AND  SPEED-MATCHING  INDICATORS  FOR  VERTICAL- 
LIFT  BRIDGES 

The  common  type  of  vertical-lift  bridge  has  the  lifting  machinery 
mounted  on  the  moving  span.  This  has  been  necessary,  perhaps, 
since  the  same  drum  can  be  arranged  to  lift  both  ends  of  the  bridge, 
thus  insuring  that  the  span  remains  level  throughout  the  lift. 

A  few  bridges  have  been  recently  constructed,  in  which  there  is 
no  machinery  on  the  moving  span  and  which  use  separate  hoisting 
machines  and  motors  for  each  end  of  the  span,  these  being  located 
in  the  tops  of  the  stationary  towers.  There  appears  to  be  consider- 
able mechanical  economy  in  this  design,  particularly  in  lifting  cables 
and  accessories,  but  it  is  essential  that  the  two  hoisting  machines 
operate  in  synchronism  in  order  that  the  bridge  be  maintained  level 
during  the  lifting  operation.  The  maximum  amount  of  permissible 
skew  on  any  of  the  completed  installations  has  not  exceeded  approxi- 
mately 12  inches  in  150  feet.  The  electrical  problem  consists,  of 
course,  in  maintaining  the  average  speed  of  the  motors  equal  and  in 
permitting  no  transient  variation  in  speed  that  will  cause  a  skew 
greater  than  the  allowable  limit. 

The  control  system  used  so  far  has  made  use  of  a  system  of  skew 
indication  conveniently  arranged  with  a  leveling  master  controller. 
In  addition  to  this  an  ultimate  skew  limit  switch  has  been  provided, 
and  arranged  to  bring  the  bridge  to  a  stop  by  cutting  off  power  and 
setting  brakes  whenever  the  skew  approaches  the  allowable  limit. 
The  latter  device  is  in  the  nature  of  a  positive  safety  factor,  and 
does  not  depend  upon  the  operator,  as  in  the  case  of  the  leveling 
scheme.  ' 

The  motors  in  the  towers  are  all  controlled  from  a  common  master 
controller  located  in  the  operator's  house.  The  arrangement  pro- 
vides that  all  control  functions  such  as  applying  power,  closing  ac- 
celerating contactors,  etc.,  occur  simultaneously  for  each  drive.  This 
64559*'— 31 7 
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guarantees  that  the  speeds  of  the  ends  of  the  bridge  will  be  approxi- 
mately equal  for  normal  operating  conditions.  There  will  always  be 
small  inequalities  in  friction  or  weight  between  the  ends  of  the  bridge 
with  the  result  that  sooner  or  later  one  end  of  the  bridge  will  lead 
the  other  during  the  movement  of  the  span.  The  operator,  guided 
by  the  skew  indicator,  manipulates  the  leveling  controller  to  correct 
for  skew  as  it  appears.  This  is  accomplished  by  slowing  down  the 
leading  end  of  the  bridge  momentarily. 

Figure  67  illustrates  the  main  items  involved  in  the  control  appa- 
ratus. The  two  transmitters,  A  and  B,  and  the  receiver,  C,  of  the 
skew  indicator  system  are  identical  in  design  principle  with  ordinary 
wound-rotor  induction  motors.  The  transmitters  are  geared  to  their 
respective  hoisting  machines  so  as  to  rotate  at  some  low  speed  not 
exceeding  about  60  r.  p.  m.  when  the  bridge  is  moving  at  full  speed. 
The  primary  winding  of  each  transmitter  is  connected  to  a  common 
source  of  supply.  Each  acts  in  a  sense  as  a  transformer  generating 
equal  voltages  in  circuits  A  and  B.  The  frequency  in  these  two  cir- 
cuits is  variable,  being  equal  to  that  of  the  supply  when  the  bridge 
is  at  rest,  but  decreasing  to  some  lower  value  when  the  bridge  is 
moving  at  full  speed.  Circuits  A  and  B  conform  in  every  respect  to 
the  rotor  circuits  of  wound-rotor  induction  motors,  and  the  frequency 
varies  inversely  as  the  speed  of  the  rotor.  It  is  obvious  that  the  fre- 
quency in  the  two  circuits  will  be  equal,  though  variable,  as  long  as 
each  end  of  the  span  moves  at  equal  speed,  but  any  difference  in 
speed  will  result  in  a  slight  difference  in  frequency  in  the  circuits 
A  and  B. 

The  elementary  diagram  (fig.  67)  indicates  circuit  A  connected  to 
the  stator  of  the  indicator  receiver  and  circuit  B  connected  to  the 
rotor,  with  phase  rotation  such  that  the  magnetic  poles  set  up  by 
each  revolve  in  the  same  direction.  When  the  bridge  is  at  rest  the 
rotor  will  take  up  a  fixed  position  such  that  a  moving  north  pole  on 
the  rotor  is  opposite  a  moving  south  pole  on  the  stator,  etc.  The 
pointer  on  the  indicator  dial  is  adjusted  to  stand  at  the  vertical  or 
neutral  point  marked  "  level "  w^hen  the  bridge  is  level.  It  will  be 
understood  that,  although  the  magnetic  poles  revolve  at  high  speed, 
there  is  no  movement  of  the  pointer  while  the  bridge  is  at  rest,  or 
while  both  ends  move  at  the  same  speed. 

Movement  of  the  pointer  occurs  only  when  there  is  a  difference 
in  frequency  between  circuits  A  and  B.  To  analyse  the  reactions,  let 
it  be  assumed  that  the  bridge  is  in  motion,  that  end  A  is  moving  at 
a  slightly  higher  speed  than  end  B  and  that  the  receiver  fields  are 
rotating  in  a  clockwise  direction.  This  will  result  in  a  frequency 
of,  let  us  say,  50  cycles  per  second  in  circuit  B  and  49.9  cycles  in 
circuit  A.     The  speed  of  the  magnetic  poles  on  the  rotor  will  be — 

_.  Alternations  per  minute 

^•P-°^-  = ^oi^s 

Per  the  poles  on  the  stator — 

_49.9X2X60_,    ^ 
—  y.  1 ,4y7 
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The  total  number  of  revolutions  completed  by  the  magnetic  poles 
in  a  period  of  five  seconds  will  be : 


Rotor  pole  revolutions 


1,500X5 
60 


125 


1  497  X  5 
Stator  pole  revolutions=— — ^^^^ — ^  =  124.75 
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This  indicates  that  the  magnetic  poles  on  the  rotor  will  lead  the 
poles  on  the  stator  by  one  quarter  revolution  (90°)  at  the  end  of  a 
5-second  period  assuming  that  they  were  in  synchronism  at  the  start. 
Actually,  however,  this  does  not  occur.  The  magnetic  reaction  be- 
tween the  poles  on  the  stator  and  rotor  are  such  that  a  north  pole 
on  the  rotor  must  always  remain  exactly  opposite  a  south  pole  on  the 
stator,  therefore  the  rotor  must  rotate  mechanically  one  quarter 
revolution  in  the  opposite  direction  to  compensate  for  the  loss  in  the 
speed  of  its  field.  The  movement  takes  place  at  a  uniform  rate,  and 
at  the  end  of  five  seconds  the  indicator  dial  hand  will  have  rotated 
90°  in  a  counterclockwise  direction  and  will  indicate  A  end  high. 

If  it  had  been  assumed  that  end  B  traveled  at  the  higher  speed, 
the  magnetic  poles  of  the  rotor  would  have  made  124.75  revolutions 
while  the  stator  poles  revolved  125  turns.  In  this  case  the  rotor 
must  rotate  mechanically  one  quarter  revolution  in  a  clockwise  direc- 
tion to  compensate  for  the  higher  speed  of  the  magnetic  field.  At  the 
end  of  the  5-second  period  the  dial  hand  will  have  rotated  90°  in  a 
clockwise  direction,  indicating  B  end  high. 

The  deflection  of  the  dial  hand  is  of  course  proportional  to  the 
skew  of  the  bridge.  The  dial  may  therefore  be  calibrated  in  inches 
of  skew. 

Any  tendency  of  the  bridge  to  become  skewed  while  in  motion  is 
at  once  brought  to  the  operator's  attention  by  a  movement  of  the 
indicator  hand,  one  way  or  the  other.  An  arrangement  has  been 
worked  out  that  eliminates  any  necessity  for  the  operator  to  interpret 
the  movements  of  the  indicator.  This  has  been  accomplished  by 
mounting  the  leveling  controller  immediately  beneath  the  indicator, 
so  that  the  movement  of  the  vertical  handle  is  similar  to  the  swing 
of  the  indicator  hand.  The  operator  corrects  for  skew  by  moving  the 
controller  handle  in  the  opposite  direction  to  the  swing  of  the  indica- 
tor hand. 

Existing  installations  use  the  leveling  scheme  described  above,  with 
the  actual  leveling  depending  upon  a  manipulation  of  a  device  by  the 
operator.  With  transmitters  and  receiver  of  increased  size,  there  is 
no  reason  why  the  indicator  could  not  be  replaced  by  a  contact- 
making  device  arranged  to  perform  the  same  function  as  the  leveling 
controller.  An  arrangement  of  this  kind  would  automatically  tend 
to  maintain  the  bridge  level  without  attention  by  the  operator. 

The  ultimate-skew  switch  shown  in  the  diagram,  is  a  positive- 
circuit  interrupter,  arranged  to  stop  all  motors  and  set  all  brakes 
in  case  the  bridge  skew  approaches  the  maximum  allowable  limit. 

The  circuit  interrupter  includes  two  units,  one  of  which  is  geared 
to  the  hoisting  machinery  at  each  end  of  the  bridge.  Each  unit  con- 
sists of  a  rotating  drum,  or  face  plate,  carrying  six  contact  segments. 
One  of  the  segments  on  each  drum  makes  contact  throughout  360° 
of  rotation  and  serves  as  a  common  feed  for  the  drum.  Each  of 
the  other  five  segments  are  in  contact  somewhat  less  than  180°,  and 
are  spaced  at  equal  distances  around  the  face  plate.  The  five  fingers 
of  unit  A  in  contact  with  these  latter  segments  are  connected  to  the 
corresponding  fingers  on  unit  B. 

The  action  of  the  two  units  is  such  that  they  are  connected  to- 
gether electrically,  through  one,  two,  or  three  of  the  ^ve  conductors 
as  long  as  they  are  not  more  than  approximately  120°  out  of  phase ; 
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that  is,  as  long  as  a  point  on  one  face  plate  does  not  lag  or  lead  a 
corresponding  point  on  the  other  by  more  than  120°,  as  both  rotate, 
the  circuit  between  the  two  is  not  broken.  When  the  lag  or  lead 
exceeds  this  angle,  the  circuit  will  be  broken  momentarily  five  times 
for  each  360°  of  revolution.  The  first  momentary  interruption  of 
the  circuit  trips  a  cut-off  relay,  which  can  not  be  permanently  reset 
until  the  bridge  skew  has  been  corrected  and  all  master  controllers 
brought  to  the  oif  position. 

Figure  67  shows  a  series  of  four  sketches  with  the  two  face  plates 
superimposed  upon  each  other  with  varying  degrees  of  displacement. 
The  fingers  of  both  units  will  fall  along  the  same  position  line  in  all 
cases.  Unit  A  carries  left-hand  spiral  shading  and  unit  B  carries 
right-hand  shading.  Overlapping  parts  of  the  segments  are  shown 
in  black,  while  parts  of  the  segments  not  overlapping  carry  line 
shading.  A  circuit  from  one  unit  to  the  other  can  only  be  completed 
where  the  segments  overlap,  therefore  the  fingers  that  fall  in  the 
black  areas  will  complete  a  circuit  between  the  two  units  via  their 
respective  circuits. 

Sketch  No.  1  shows  the  units  exactly  in  phase  with  the  bridge 
level.  It  will  be  noted  that  two  or  three  circuits  are  always  com- 
pleted between  the  units.  At  position  a  circuits  1,  4,  and  5  are  com- 
pleted, at  h  circuits  1  and  5,  at  c  circuits  1,  2,  and  5,  at  d  circuits  1 
and  2,  at  e  circuits  1,  2,  and  3,  etc.  Sketch  No.  2  show^s  unit  B  lagging 
by  90°,  caused  by  the  bridge  being  skewed  with  A  end  high.  This 
sketch  shows  that  at  least  one  circuit  is  always  completed  between  the 
two  units,  and  part  of  the  time  two  circuits  are  completed.  At  posi- 
tion a  circuit  4  is  complete,  at  oh  circuits  4  and  5,  at  h  circuit  4,  at  d 
circuit  1,  etc.  Sketch  No.  3  shows  a  displacement  of  120°.  A  circuit 
between  the  two  units  is  not  always  complete  for  this  displacement. 
At  position  a  circuit  4  is  complete,  at  ab  all  circuits  are  incomplete. 
Circuit  5  is  established  for  positions  h  and  c.  For  this  displacement 
there  w^ill  be  five  momentary  interruptions  for  every  complete  revo- 
lution of  the  switches.  The  skew  corresponding  to  120°  displacement 
of  the  limit  switches  therefore  represents  the  maximum  amount  of 
skeAv  attainable,  provided  both  ends  of  the  bridge  are  in  motion. 

Sketch  Xo.  4  shows  the  result  of  180°  displacement,  with  all  cir- 
<;uits  incomplete  at  all  times  during  rotation  of  the  switches.  This 
amount  of  displacement  can  only  be  approximated  by  moving  one 
end  of  the  bridge  alone.  It  is  apparent  that  all  the  cross-hatched 
area  shown  in  sketch  No.  3  will  not  disappear  until  the  displacement 
approaches  180°.  It  is  only  possible  to  attain  this  degree  of  dis- 
placement by  moving  one  end  of  the  bridge  with  the  other  at  a  stand- 
still. This  will  be  apparent  if  it  is  assumed  the  fingers  on  position  h 
in  sketch  No.  3,  and  then  consider  that  unit  B  be  rotated  in  a  counter- 
clockwise direction.  The  overlapping  full  black  area  at  position  h 
will  not  disappear  until  unit  B  has  rotated  nearly  180°,  and  circuit  3 
will  be  maintained  until  this  occurs. 

The  interrupter  therefore  does  not  break  the  circuit  at  a  fixed  point 
of  skew,  but  may  cut  out  anywhere  within  fixed  limits.  These  limits 
occur  between  120°  and  180°  of  displacement  for  the  units,  and  this 
may  be  translated  into  any  desired  amount  of  bridge  skew  by  a  choice 
of  suitable  gearing.  Assuming  a  maximum  permissible  skew  of  12 
inches,  the  gearing  should  preferably  be  such  that  the  maximum  cut- 
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out  occurs  with  a  skew  of  about  9  inches.     The  minimum  cut-out 
would  then  occur  at  6  inches  skew  (both  ends  in  motion). 

LIGHT-SENSITIVE  RELAYS 

One  of  the  most  important  problems  in  connection  with  movable 
bridges  has  to  do  with  the  design  of  a  reliable  protective  system. 
The  bridge  and  operating  machinery  must  be  protected  against 
damage  due  to  overtravel,  or  incorrect  operating  sequence,  and 
provision  must  be  made  for  the  protection  of  bridge  traffic.  This 
has  been  accomplished  in  the  past  by  the  use  of  mechanically  op- 
erated limit  switches  of  various  types,  which  are  fully  described 
elsewhere  in  this  bulletin. 

The  new  light-sensitive  relays  which  have  recently  appeared  on 
the  market  possess  characteristics  which  may  permit  an  improve- 
ment in  the  design  of  these  protective  devices  in  three  respects, 
namely : 

(1)  Elimination  of  complicated  mechanical  operating  devices  for 
limit  switches. 

(2)  Greater  refinement  in  precision-type  limit-switch  applications. 

(3)  Elimination  of  submarine  or  flexible  aerial  cables  between 
moving  and  stationary  parts  of  bridges. 

Light-sensitive  relays  may  be  arranged  either  to  make  or  break 
a  contact,  and  both  of  these  performances  may  be  brought  about  by 
either  cutting  off  a  beam  of  light  or  establishing  the  beam.  This 
can  be  accomplished  either  by  moving  the  source  of  the  light  with 
respect  to  the  light  receiver  or  by  interposing  a  shutter  between 
a  fixed  light  source  and  the  receiver.  In  general,  where  the  relay 
is  applied  for  the  purpose  of  limiting  travel,  a  scheme  which  de- 
pends upon  an  interruption  of  the  light  beam  should  be  used  so  that 
a  failure  of  the  light  source  will  stop  the  machinery  and  prevent 
damage.  Those  arrangements  where  the  relay  depends  upon  estab- 
lishing the  light  beam  between  the  source  and  the  light-sensitive 
element  should  be  restricted  to  the  sequence  interlocking  system, 
where  a  failure  can  be  taken  care  of  by  the  ordinary  interlocking 
by-pass  or  short-circuiting  switches. 

The  only  operating  device  required  for  use  with  light  relays  will 
consist  of  a  member  or  shutter  for  the  purpose  of  interrupting  the 
light  beam.  This  will  not  always  be  required,  since  the  same  purpose 
can  be  accomplished  by  moving  the  source  of  light  with  respect 
to  the  relay.  This  sort  of  operating  device  can  not  be  thrown  out 
of  adjustment  by  dimensional  changes  in  the  bridge  due  to  varying 
temperature,  such  as  may  occur  with  certain  mechanical  arrange- 
ments and  does  not  suffer  from  impact  when  engaged  by  high-speed 
moving  parts. 

There  are  a  few  limit-switch  applications  on  bridges,  where  it  is 
perhaps  impossible  to  design  a  mechanically  operated  switch  that 
will  function  with  the  desired  precision.  These  generally  may  be 
classified  as  switches  operated  directly  by  a  moving  member  and 
which  must  go  through  a  complete  cycle  of  opening  and  closing  with 
continuous  movement  of  the  actuating  member.  An  example  of 
this  is  a  switch  designed  to  close  a  contact  when  a  double-action 
swing  bridge  is  in  a  fully  closed  (neutral)  position.     Any  ordinary 
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mechanically  operated  switch  that  might  be  applied  for  this  purpose 
will  maintain  its  contacts  closed  for  a  distance  of  from  1  to  3  inches 
of  travel  on  either  side  of  the  neutral  for  the  end  of  the  bridge. 
This  is  not  a  very  high  degree  of  accuracy,  and,  moreover,  such 
accuracy  may  be  impaired  by  temperature  dimensional  variations  in 
the  moving  span.  A  light-relay  system  arranged  with  the  light 
source  on  the  rest  pier  and  the  relay  on  the  moving  span,  and  em- 
ploying an  aperture  for  the  light  beam  in  the  form  of  a  vertical  slit, 
could  be  arranged  to  confine  the  operating  range  to  within  at  least 
one-fourth  inch  of  the  exact  fully  closed  position. 

For  bridges  of  the  swing  and  vertical-lift  types  the  operator's 
house  is  generally  located  on  the  moving  span.  Roadway  gates, 
warning  lights  and  signals,  traffic  barriers,  etc.,  are  located  on  the 
bridge  approaches.  Power  for  operating  and  controlling  these  de- 
vices is  brought  from  the  operator's  house  on  the  moving  span  by 
multiconductor  submarine  or  aerial  cables.  These  cables  may  be 
(for  the  greater  part  at  least)  eliminated  and  the  traffic  gates,  lights, 
and  signals  controlled  by  light  relays  located  on  the  approaches  and 
actuated  by  light  projectors  mounted  on  the  moving  span.  It  will 
be  noted  that  this  scheme,  besides  controlling  the  roadway  devices, 
also  automatically  provides  the  necessary  interlocking,  inasmuch  as 
it  will  be  impossible  to  inadvertently  operate  any  of  the  roadway  de- 
vices with  the  span  open,  since  the  light  beam  from  the  projectors 
can  not  engage  the  relays  in  any  other  than  the  full-closed  position. 

APPENDIX 

In  much  of  the  discussion  and  many  of  the  figures  contained  in  this  bulletin 
no  attempt  has  been  made  to  follow  the  exact  standards  of  terminology  adopted 
by  the  electrical  manufacturing  trade,  nor  to  strictly  adhere  to  established 
conventional  symbols.  This  deviation  from  standard  convention  was  adopted 
in  the  interest  of  clarity  of  expression,  and  because  the  strict  convention  meth- 
ods of  representation  appear,  in  certain  instances  rather  too  schematic  to 
clearly  illustrate  the  text. 

It  therefore  appears  advisable  to  include,  at  this  point,  certain  extracts 
from  the  N.  E.  M.  A.  (National  Electrical  Manufacturers'  Association)  Indus- 
trial Control  Standards,  as  in  effect  on  January  1.  1931. 

DEFINITIONS 

Electric  controller. — ^An  electric  controller  is  a  device,  or  group  of  devices, 
which  serves  to  govern,  in  some  predetermined  manner,  the  electric  power 
delivered  to  the  apparatus  to  which  it  is  connected. 

Full  magnetic  controller. — ^A  full  magnetic  controller  is  a  controller  hav- 
ing all  of  its  basic  functions*  performed  by  electromagnets. 

Semimagnetic  controller. — A  semimagnetic  controller  is  a  controller  having 
part  of  its  basic  functions  performed  by  electromagnets  and  part  by  other 
means. 

Manual  controller. — A  manual  controller  is  a  controller  having  all  of  its 
basic  functions  performed  by  hand. 

Drum  controller. — A  drum  controller"  is  a  controller  which  utilizes  a  drum 
switch  as  the  main  switching  element. 

Starter. — A  starter  is  a  controller"  designed  for  accelerating  a  motor  to 
normal  speed  in  one  direction  of  rotation. 

Automatic  starter. — An  automatic  starter  is  a  starter  designed  to  automati- 
cally control  the  acceleration  of  a  motor. 


^  By  basic  functions  is  usually  nteant  acceleration,  retardation,  line  closing,  revers- 
ing, etc. 

oA  drum  controller  usually  consists  of  a  drum  switch  and  a  resistor. 

i^A  device  designed  for  starting  a  motor  in  either  direction  of  rotation  includes  the 
additional  function  of  reversing  and  should  be  designated  a  controller. 
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Autotransfonner  starter. — An  autotransformer  starter  is  a  starter  having 
an  autotransformer  to  furnish  a  reduced  voltage  for  starting.  The  device 
includes  the  necessary  switching  mechanism  and  is  frequently  called  a  com- 
pensator or  autostarter. 

Contact. — A  contact  is  a  conducting  part  designed  to  be  united  by  pressure 
to  another  conducting  part  for  the  purpose  of  carrying  current. 

Switch. — A  switch  is  a  device  for  making,  breaking,  or  changing  the  con- 
nections in  an  electric  circuit. 

Discomiecting  switch. — ^A  disconnecting  switch  is  a  switch  which  is  intended 
to  open  a  circuit  only  after  the  load  has  been  thrown  off  by  some  other  means. 

Motor  circuit  switch. — A  motor  circuit  switch  is  a  switch  intended  to  open 
under  load  and  wull  break  150  per  cent  of  its  rated  load.  Such  a  switch  may 
be  used  to  stop  the  motor  under  normal  running  conditions  and  also  provide 
means  for  disconnecting  the  controller  and  motor  from  the  line  when  it  is 
necessary  to  make  repairs. 

Drum  switch. — A  drum  switch  is  a  switch  having  electrical  connecting  parts 
in  the  form  of  fingers  held  by  spring  pressure  against  contact  segments  or  sur- 
faced on  the  periphery  of  a  rotating  cylinder  or  sector. 

Master  sivitch. — A  master  switch"  is  a  switch  which  serves  to  govern  the 
operation  of  contactors  and  auxiliary  devices  of  an  electric  controller. 

Cotitactor. — A  contactor  is  a  device  for  repeatedly  establishing  and  inter- 
rupting an  electric  power  circuit. 

Magnetic  contactor. — ^A  magnetic  contactor  is  a  contactor  actuated  by  electro- 
magnetic means. 

Resistance. — Resistance  is  the  opposition  offered  by  a  substance  or  body 
to  the  passage  through  it  of  an  electric  current  and  converts  electric  energy 
into  heat.     Resistance  is  the  reciprocal  of  conductance. 

Resistor. — A  resistor  is  a  device  used  primarily  because  it  possesses  the 
property  of  electrical  resistance.  A  resistor  as  used  in  electric  circuit  for 
purposes  of  operation,  protection,  or  control,  commonly  consists  of  an  aggre- 
gation of  units. 

Rheostat. — A  rheostat  is  a  resistor  which  is  provided  with  means  for  readily 
varying  its  resistance. 

Resistive  conductor. — A  resistive  conductor  is  a  conductor  used  primarily 
because  it  possesses  the  property  of  electrical  resistance. 

KINDS  OF  PROTECTION 

Low  (or  under)  voltage  protection. — Low  (or  under)  voltage  protection  is 
the  effect  of  a  device  operative  on  the  reduction  or  failure  of  voltage  to  cause 
and  maintain  the  interruption  of  power  to  the  main  circuit. 

Low  {or  under)  voltage  release. — Low  (or  under)  voltage  release  is  the 
effect  of  a  device,  operative  on  the  reduction  or  failure  of  voltage,  to  cause 
the  interruption  of  power  to  the  main  circuit  but  not  to  prevent  the  reestab- 
lishment  of  the  main  circuit  on  return  of  voltage. 

Phase-failure  protection. — Phase-failure  protection  is  the  effect  of  a  device 
operative  upon  the  failure  of  power  in  one  wire  of  a  polyphase  circuit,  to  cause 
and  maintain  the  interruption  of  power  in  all  of  the  circuit. 

Phase-reversal  protection.— Fhase-reyerssLl  protection  is  the  effect  of  a  device 
operative  on  the  reversal  of  the  phase  rotation  in  a  polyphase  circuit,  to  cause 
and  maintain  the  interruption  of  power  in  all  of  the  circuit. 

Overload  protection.— Oyevload  protection  is  the  effect  of  a  device  operative 
on  excessive  current  to  cause  and  mnintain  the  interruption  of  current  flow 
to  the  device  governed.     When  it  is  a  function  of  a  controller  for  a  motoi% 
the  device  employed  shall  provide  for  interrupting  any  operative  overloads, 
but  shall  not  be  required  to  interrupt  short  circuits. 

RELAYS 

Helay.—A  relay  is  a  device  that  is  operative  by  a  variation  in  the  conditions 
of  one  electric  circuit  to  effect  the  operation  of  other  devices  in  the  same  or 
another  electric  circuit. 

11  A  master  switch  may  be  automatic,  as  a  float  switch  or  pressure  regulator.  It  may 
be  manually  operated,  as  a  drum,  push  button,  or  knife  switch.  ^nrrent 

^  By  operating  overload  is  meant  a  current  not  in  excess  of  six  tinies  the  rated  current: 
for  alternating-current  motors,  nor  in  excess  of  four  times  the  rated  current  for  direct- 
current  motors. 
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Phase-rotation  relay. — A  phase-rotation  relay  is  a  relay  which  functions  in 
accordance  with  the  direction  of  phase  rotation. 

Current  relay. — A  current  relay  is  a  relay  which  functions  at  a  predetermined 
value  of  current.  A  current  relay  may  be  either  an  overcurrent  relay  or  an 
undercurrent  relay. 

Overload  relay. — An  overload  relay  is  an  overcurrent  relay  in  the  circuit  of 
a  motor  which  functions  at  a  predetermined  value  of  the  current  to  cause  the 
disconnection  of  the  motor  from  the  line. 

Voltage  relay — A  voltage  relay  is  a  relay  which  functions  at  a  predetermined 
value  of  voltage.  A  voltage  relay  may  be  either  an  overvoltage  relay  or  an 
undervoltage  relay. 

Differential  relay. '^^ — A  differential  relay  is  a  relay  which  functions  by  reason 
of  the  difference  between  two  quantities  such  as  current  or  voltage,  etc. 

Frequency  relay. — A  frequency  relay  is  a  relay  which  functions  at  a  prede- 
termined value  of  frequency.  A  frequency  relay  may  be  either  an  overfre- 
quency  relay  or  an  underfrequency  relay. 

Temperature  relay. — A  temperature  relay  is  a  relay  which  functions  at  a  pre- 
determined temperature  in  the  apparatus  protected. 

Open-pTia.se  relay. — An  open-phase  relay  is  a  relay  which  functions  by  reason 
of  the  opening  of  one  phase  of  a  polyphase  circuit. 

Step-back  reJwy.^* — A  step-back  relay  is  a  relay  which  operates  to  limit  the 
current  peaks  of  a  motor  when  the  armature  or  line  current  increases.  A  step- 
back  relay  may,  in  addition,  operate  to  remove  the  cause  of  the  limitation  to 
the  current  peaks  of  a  motor  when  the  armature  or  line  current  decreases. 

QUALIFYING  TERMS  OF  RELAYS 

Notching. — ^A  qualifying  term  applied  to  any  relay  indicating  that  a  pre- 
determined number  of  separate  impulses  are  required  to  complete  operation. 

Inverse  time. — Inverse  time  is  a  qualifying  term  indicating  that  there  is 
purposely  introduced  a  delayed  action,  which  delay  decreases  as  the  operating 
force  increases. 

Definite  time. — A  qualifying  term  applied  to  any  relay  indicating  that  there 
is  purposely  introduced  a  delay  in  action,  which  delay  remains  substantially 
constant  regardless  of  the  magnitude  of  the  quantity  that  causes  the  relay  to 
function.  (For  quantities  slightly  above  the  minimum  operating  value,  the 
delay  may  be  inverse.) 

Instantaneous. — A  qualifying  term  applied  to  any  relay  indicating  that  no 
delay  is  purposely  introduced  in  its  action. 

PROPERTIES  AND  CHARACTERISTICS  OF  APPARATUS 

Pick-up  voltage  {or  current). — The  pick-up  voltage  (or  current)  is  the  volt- 
age (or  current)  at  which  a  magnetic  contactor  starts  to  close  under  condi- 
tions of  normal  operating  temperature. 

Seating  voltage  (or  current). — The  seating  voltage  (or  current)  is  the  volt- 
age (or  current)  necessary  to  seat  the  armature  of  a  magnetic  contactor  from 
the  position  at  which  the  contacts  first  touch  each  other,  under  conditions  of 
normal  operating  temperature. 

Seating  gap. — The  seating  gap  is  the  distance  betweeTi  the  armature  and  the 
center  of  the  core  of  a  magnetic  contactor  when  the  contacts  first  touch  each 
other. 

Drop-out  voltage  {or  current). — The  drop-out  voltage  (or  current)  is  the 
voltage  (or  current)  at  which  the  contacts  of  a  magnetic  contactor  open  under 
conditions  of  normal  operating  temperature. 

MISCELLANEOUS 

Conducting  parts. — Conducting  parts  of  control  apparatus  are  those  designed 
to  carry  current  or  which  are  conductively  connected  therewith. 

Grounded  parts. — Grounded  parts  are  those  parts  which  are  so  connected 
that,  when  the  installation  is  complete,  they  are  in  electrical  connection  with, 
the  earth. 

^5  This  term  includes  relays  heretofore  known  as  "  ratio  balance  relays."  "  biased 
relays,"  and  "  percentage  differential  relays." 

1*  When  used  with  a  motor  having  a  flywheel,  the  relay  causes  the  momentary  transfer 
of  stored  energy  from  the  flywheel  to  the  load,  but  does  not  limit  the  current  peaks  if  the 
load  is  sustained  for  a  considerable  interval  after  the  relay  operates. 
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Magnet  brake. — A  magnet  brake  is  a  friction  brake  controlled  by  electro- 
magnetic means. 

Jogging  service. — Jogging  or  inching  is  the  quickly  repeated  closure  of  the 
circuit  to  start  a  motor  from  rest  for  the  purpose  of  accomplishing  small  move- 
ments of  the  driven  machine. 

Control  circuit  transformer. — A  control  circuit  transformer  is  a  voltage 
transformer  utilized  to  supply  a  voltage  suitable  for  the  operation  of  shunt-coil 
magnetic  devices. 

Controller-vnring  diagram. — A  controller-wiring  diagram  is  a  diagram  show- 
ing the  electrical  connections  between  the  parts  comprising  the  controller,  and 
indicating  the  external  connections. 

External  controller  wiring  diagrami. — An  external  controller  wiring  diagram 
is  a  diagram  showing  the  electrical  connections  between  the  controller  terminals 
and  outside  points,  such  as  connections  from  the  line  to  the  motor  and  to 
auxiliary  devices. 

Controller-oonMruction  diagram^. — ^A  controllerrconstruction  diagram  is  a 
diagram  indicating  the  physical  arrangement  of  parts  such  as  wiring,  buses, 
resistor  units,  etc.  Example:  A  diagram  showing  the  arrangement  of  grids, 
and  terminals  in  a  grid-type  resistor. 

Elementary-controller  diagram,. — An  elementary-controller  diagram  is  a  dia- 
gram using  symbols  and  an  elementary  plan  of  connections  to  illustrate,  ia 
simple  form,  the  motor  circuits  and  the  scheme  of  control. 

Control  sequence  table. — ^A  control  sequence  table  is  a  table  indicating  the 
connecting  devices  which  are  closed  for  each  successive  position  of  the 
controller. 

Fuses. — ^A  fuse  is  an  overcurrent  protective  device  with  a  circuit  opening 
fusible  member  directly  heated  and  destroyed  by  the  current  passing  through 
it. 

Thermal  cut-out. — A  thermal  cut-out  is  an  overcurrent  protective  device 
that  contains  a  heater  element"  in  addition  to  and  affecting  a  fusible  member 
which  opens  the  circuit. 

Barrier. — ^A  barrier  is  a  partition  for  the  insulation  or  isolation  of  electric 
circuits  or  electric  arcs. 

RATING,  PERFORMANCE,  AND  TEST 

Ambient  temperature.^^ — ^Ambient  temperature  is  the  temperature  of  the 
air  or  water  which,  coming  into  contact  with  the  heated  parts  of  a  machine, 
carries  off  their  heat.     (See  A.  I.  E.  E.  Rule  3,000.") 

Rating.^^ — ^A  rating  of  a  machine,  apparatus,  or  device  is  an  arbitrary 
designation  of  an  operating  limit. 

For  the  purpose  of  this  section  the  rating  of  a  controller  is  based  upon 
the  power  governed,  the  duty,  and  the  service  required.  Standard  ratings 
do  not  provide  for  overload  capacity. 

The  rating  ^^  of  control  apparatus  in  general  shall  be  expressed  in  volts, 
amperes,  horsepower,  or  kilowatts,  as  may  be  appropriate. 

Resistors  shall  be  rated  in  ohms  and  amperes  and  class  of  service.  The 
various  kinds  of  rating  recognized  are: 

Continuous  rating. — The  continuous  rating  defines  the  load  which  can  be 
carried  for  an  unlimited  period,  without  causing  any  of  the  limitations  estab- 
lished herein  to  be  exceeded. 

Eight-hour  rating. — The  8-hour  rating  of  a  magnetic  contactor  is  its  ampere- 
carrying  capacity  for  eight  hours  under  conditions  of  free  ventilation  starting 
with  new,  clean  contact  surfaces  and  not  exceeding  N.  E.  M.  A.  temperature 
limitations  and  with  the  operating  coil  circuit  excited  at  full -rated  voltage. 


15  The  heater  element  may  be  a  coil,  a  resistive  conductor,  or  any  heat-producing^  means 
responding  to  the  current.  .  . 

w  Ambient  temperature  is  commonly  known  as  "  room  temperature  "  in  connection  with 
air-cooled  apparatus  not  provided  with  artificial  ventilation. 

"National  Electrical  Manufacturers'  Association  rules  specify  that  the  standard 
ambient  temperature  of  reference,  when  the  cooling  medium  is  air,  shall  be  40°  C. 

"  A  rating  is  arbitrary  in  the  sense  that  it  must  necessarily  be  established  by  definite 
fixed  standards,  and  can  not,  therefore,  indicate  the  safe  operating  limit  under  all  condi- 
tions that  may  occur  in  service. 

"  For  convenience  in  application  starters  are  frequently  rated  in  horsepower.  In  such 
cases  the  starter  rating  is  the  horsepower  rating  of  the  largest  motor  for  which  the 
starter  is  designed  to  be  used. 
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The  8-hour  rating  is  the  recognized  standard  rating.  Any  other  time  capacity 
required  should  be  specified  in  definite  terms. 

Note. — "  Continuous  rating  "  with  respect  to  contactors  is  considered  as  an  indefinite 
term. 

The  service    characteristics    of   contractors   are   recognized   as   determining 
their  applicability  to  various  duty  cycles  such  as — 
Maximum  circuit  closing  capacity. 
Maximum  interrupting  capacity. 

Wearing  qualities  under  given  frequency  of  operation. 

Periodic  rating. — The  periodic  rating  defines  tlie  load  which  can  be  carried 
for  the  alternate  i)eriods  of  load  and  rest  specified  in  the  rating,  the  apparatus 
starting  cold,  and  for  the  total  time  specified  in  the  rating  without  causing 
any  of  the  limitations  established  herein  to  be  exceeded. 

Standard  periodic  ratings. — Standard  periodic  ratings  are  as  follows : 
15  seconds  load  every  four  minutes,  or  one-sixteenth  time  rating. 
30  seconds  load  every  four  minutes,  or  one-eighth  time  rating. 
45  seconds  load  every  four  minutes,  or  three-sixteenths  time  rating. 

1  minute  load  every  four  minutes,  or  one-fourth  time  rating. 

11/^  minutes  load  every  four  minutes,  or  three-eighths  time  rating.. 

2  minutes  load  every  four  minutes,  or  one-half  time  rating. 

In  each  case  the  alternate  periods  of  load  and  rest  shall  be  continued  for 
one  hour. 

Service  classifications  of  motor-control  resistors. —  (1)  Numbers  used  to  desig- 
nate the  resistors  required  for  different  classes  of  control  service  are  given  in 
Table  4. 

(2)  The  test  on  starting  and  intermittent-duty  resistors  to  meet  the- above 
classification  shall  be  continued  for  one  hour.  They  are  primarily  designed 
for  use  with  motors  requiring  an  initial  torque  corresponding  to  the  current 
value  for  the  class  of  resistors  specified  and  requiring  an  average  (root-mean- 
square)  accelerating  current  in  any  case  of  125  per  cent  of  full-load  value. 

(3)  The  test  on  continuous-duty  resistors  shall  be  continued  until  maximum 
temperature  is  reached.  They  shall  be  capable  of  carrying  full-load  current  on 
any  point  where  the  resistance  will  permit  that  amount  of  current  to  pass. 

Table  4. — Classification  of  resistors  for  periodic  rating- 


Approximate  percentage  of  full- 
load  current  on  the  first  point 

15  sec- 
onds out 

of  4 
minutes 

30  sec- 
onds out 

of  4 
minutes 

45  sec- 
onds out 

of4 
minutes 

1  minute 
out  of  4 
minutes 

V/i  min- 
utes out 

of  4 
minutes 

2  minutes 
out  of  4 
minutes 

■ 

Contin- 
uous 
duty 

25 

Number 
11 
12 
13 
14 
15 
16 

Number 
31 
32 
33 
34 
35 
36 

Number 
41 
42 
43 
44 
45 
46 

Number 
51 
62 
53 
54 
55 
56 

Number 
61 
62 
63 
64 
65 
66 

Number 
71 
72 
73 
74 
75 
76 

Number 
91 

50.     -                                    

92 

70 

93 

100 

94 

150 

95 

200  or  over 

96 

1  starting  and  intermittent-duty  resistors  in  the  classification  table  are  primarily  designed  for  use  with 
motors  requiring  an  initial  torque  corresponding  to  the  current  value  for  the  class  of  resistor  specified  and 
requiring  an  average  (root-mean-square)  accelerating  current  not  in  excess  of  125  per  cent  of  the  full-load 
value. 

MANUFACTURERS'  SPECIFICATIONS 


Overload  protection. — Overload  protection  of  motors  above  5  horsepower  at 
115  volts,  or  larger  than  10  horsepower  at  the  higher  voltages,  shall  be  provided 
by  a  contactor  with  overload  relay  or  some  sort  of  circuit  breaker  which  shall 
respond  to  excessive  current  on  one  side  of  direct-current  and  single-phase 
alternating-current  circuits,  and  to  excessive  current  in  two  sides  of  polyphase 
circuits.     Fuses  may  be  used  for  the  protection  of  smaller  motors. 

Loiv  {or  under)  voltage  protection. — ^Where  the  restarting  of  a  motor  on  the 
restoration  of  voltage  may  cause  damage  or  injury,  low  (or  under)  voltage  pro- 
tection shall  be  furnished.  For  all  other  cases  either  low-voltage  release  or 
low  (or  under)  voltage  protection  shall  be  furnished. 
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Taps  for  autotrans formers. —  (1)  Standard  small  autotransformer  starters  (50 
horsepower  and  smaller)  shall  have  taps  at  approximately  65  per  cent  and 
approximately  80  per  cent  as  determined  under  load  conditions. 

(2)  Standard  large  autotransformer  starters  (larger  than  50  horsepower) 
shall  have  taps  at  50  per  cent,  65  per  cent,  and  80  per  cent  as  determined  under 
load  conditions. 

(3)  For  determining  load  conditions,  the  average  stulled-motor  current  shall 
be  assumed  to  be  six  times  normal  current  at  full  voltage.  The  load  taken  from 
the  different  taps  shall  be  based  on  the  relation  of  the  tap  voltage  to  the 
normal  line  voltage,  and  the  load  shall  be  inductive  with  a  power  factor  of  50 
per  cent  or  less. 

Marking  of  autotransformers. —  (1)  The  taps  and  the  coils  of  autotransformer 
motor  starters  (or  compensators)  shall  be  marked  as  indicated  in  para- 
graph (2). 

(2)  The  end  of  the  winding  which  is  connected  to  the  Y  or  delta  point,  and 
which  is  the  start  of  the  winding,  shall  be  marked  O.  The  intermediate  taps 
shall  be  numbered  1,  2,  3,  etc.,  No.  1  being  the  low-voltage  tap.  The  end 
connection  which  goes  to  the  line  shall  be  marked  "  F." 

Marking  end  connectors  for  resistor  units. — Where  a  resistor  is  made  of  two 
or  more  units  and  it  is  necessary  to  connect  these  units  together,  the  use  of 
the  letters  A  to  A,  B  to  B,  etc.,  is  recommended. 

NonxiorroaiUe  material. — Iron,  steel,  or  other  material  with  a  suitable  pro- 
tective coating  shall  be  considered  noncorrodible  material. 

Direct-current  manual-starting  rheostats. — Standard  starting  rheostats  shall 
be  capable  of  opening  the  circuit  on  the  first  point  with  the  motor  at  rest. 

Standard  500-volt  face-plate  type  direct-current  manual-starting  rheostats 
may  be  furnished  for  a  maximum  of  600  volts. 

Three-pole  primary  contactor  connections. — It  is  recommended  that  3-pole 
primary  contactors  should  be  so  connected  that  the  two  overload  elements 
are  in  the  leads  of  the  motor  terminals  T-1  and  T-2. 

When  this  contactor  is  used  on  a  2-phase,  3-wire  circuit,  L-3  should  be  made 
the  common  power  line,  and  terminals  T-3  and  T-4  should  be  connected  to- 
gether at  the  motor  for  the  common  lead  to  the  motor  from  the  terminal  T-3 
on  the  panel.  When  used  on  a  2-phase,  4-wire  circuit,  line  L-4  should  be  run 
direct  to  terminal  T-4  at  tlie  motor. 

Size  of  leads  for  wound  secondary  motor. — The  connecting  wires  between 
the  secondary  of  a  wound-secondary  motor  and  its  resistor  shall  not  be  less 
than  the  percentages  of  continuous  rating  given  in  the  following  tabulation : 

Percentage  of 
Duty  continuous 

rating 

15  seconds  out  of  four  minutes  (light  starting) 35 

30  seconds  out  of  four  minutes   (heavy  starting) 45 

45  seconds  out  of  four  minutes  (extra  heavy  starting) 55 

1  minute  out  of  four  minutes   (light  intermittent) 65 

1^/^  minutes  out  of  four  minutes  (medium  intermittent) 75 

2  minutes  out  of  four  minutes    (heavy  intermittent) 85 

Continuous 110 

Note. — See  Table  4  for  service  classification  of  resistors. 

Speed  reduction. — Speed  reduction  of  motors  as  accomplished  by  control 
apparatus  will  be  expressed  in  percentage  of  full  load  speed. 

Inclosures  for  controllers. — (1)  Inclosures  are  furnished  with  and  form  a 
part  of  industrial  control  equipment  for  the  purpose  of  affording  protection  by 
construction.     These  inclosures  are  of  the  following  general  classes: 

Class  1. — A  solid  inclosure  without  slot  or  other  opening. 

Class  2. — A  solid  inclosure  except  for  a  slot  for  the  operating  handle  or 
openings  for  ventilation,  or  both. 

Class  3. — Wire  mesh,  perforated  screens  or  grill  work. 

Design. 

(1)  All  inclosures  shall  be  so  designed  and  assembled  that  they  will  with- 
stand handling  during  shipment  and  installation. 

(2)  There  must  be  sufficient  space  within  the  inclosure  to  permit  unin- 
sulated parts  of  wire  terminals  to  be  separated  so  as  to  prevent  their  coining 
in  contact  with  each  other.  Inclosures  must  be  such  as  to  permit  proi)er  wire 
connections  to  be  made  with  adequate  spacing  of  the  terminals  and  ends  of 
conductors  from  adjacent  points  of  the  inclosures. 
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(3)  Exposed  nonarcing  current-carrying  parts  within  the  inclosures  shall 
have  an  air  space  between  them  and  the  uninsulated  part  of  the  inclosure  of 
at  least  one-half  inch  for  600  volts  or  less.  Inclosures  of  sizes,  material,  or 
form  not  securing  adequate  rigidity  must  have  greater  spacing. 

(4)  All  inclosures  and  parts  of  inclosures,  such  as  doors,  covers,  tanks,  etc., 
must  be  provided  with  means  for  firmly  securing  them  in  place.  Among  the 
available  means  are  locks,  interlocks,  screws,  and  seals. 

(5)  Where  the  walls  of  the  inclosure  are  not  protected  by  barriers  or  by 
a  lining  of  noncombustible  insulating  material,  the  arc-rupturing  parts  of  the 
controller  shall  have  air  spaces,  as  per  Table  5,  between  them  and  the  walls 
of  the  inclosure,  unless  a  test  on  any  specific  device  demonstrates  that  a 
smaller  space  is  safe  for  that  particular  device. 

Material. —  (1)  Material:  In  the  following  paragraphs  it  is  assumed  that 
steel  (or  gray  iron  for  castings)  will  be  the  metal  employed.  Copper,  bronze, 
and  brass  are  sometimes  used,  in  which  case  the  requirements  given  for  steel 
shall  be  complied  with. 

(2)  Thickness  of  castings:  Cast  metal  for  inclosures,  whether  of  iron  or 
other  metal,  shall  be  at  least  one-eighth  inch  thick  at  every  point  and  should 
be  of  greater  thickness  at  tapped  holes  for  conduit,  at  reinforcing  ribs,  and 
at  door  edges. 

(3)  Sheet-metal  thickness:  The  minimum  thickness  required  for  sheet-metal 
construction  varies  with  the  size  of  the  device.  For  classes  1  and  2  the 
inclosures  of  sheet  metal  shall  be  of  a  gage  not  less  than  that  given  in  Table  6. 

(4)  All  class  3  inclosures  shall  be  provided  with  a  supporting  frame. 

(5)  Wire  screening  used  for  inclosures  must  conform  to  the  requirements 
in  Table  7. 

(6)  W^here  the  opening  is  over  one-half  inch,  the  Inclosure  must  not  be  less 
than  4  inches  from  any  live  part. 

(7)  The  requirements  of  inclosures  for  floor-mounted  controllers  for  voltages 
not  in  excess  of  750  volts  shall  be : 

(a)  Where  the  surrounding  inclosure  is  6  feet  or  more  in  height  and  ex- 
posed live  parts  are  not  less  than  6  inches  below  the  upper  edge,  no  covering 
is  required  across  the  top  of  the  inclosure. 

(Exceptions:)  Where  cranes  or  other  movable  apparatus  or  operations  of  a 
special  character  may  introduce  possible  hazards  from  above,  overhead  in- 
closures may  be  required. 

(&)  W^here  the  surrounding  inclosure  is  within  6  inches  of  the  floor  and 
exposed  live  parts  are  not  less  than  6  inches  above  the  lower  edge,  no  covering 
will  be  required  for  the  bottom. 

Insulation  clearances. — The  distances  between  nonarcing,  uninsulated  live 
parts  of  control  equipment  to  ground  or  to  nonarcing  uninsulated  live  parts  of 
opposite  polarity  shall  be  not  less  than  the  values  given  in  Table  8. 

Table  5. — Clearance  hettceen  arc  rupturing  parts  and  inclosure  * 


Distance  from  con- 
tacts in  direction 
of  blow-out, 
direct    current 
and   alternating 
current 

Vertical  distance  above  contracts 
without  blow-out 

Horizontal  distance 
from    contracts 
and  distance  be- 
low   contacts. 

Horsepower  rating 

Direct  current 

Alternating  current 

direct    current 
and     alternating 
current 

300  volts 

600  volts 

300  volts 

600  volts 

300  volts 

600  volts 

300  volts 

600  volts 

5 

Inches 
IH 
2 
3 
4 

Inches 
3 

4 

5 
(') 

Inches 
4 

5 
6 

(2) 

Inches 

(2) 

(2) 

Inches 

2 
3 
4 

0) 

Inches 
3 
4 
5 

(2) 

Inches 

H 
H 
1 
2 
(0 

Inches 

V/t: 

10      

IVz 

50 

2 

100                              -  - 

3 

Above  100 

(2) 

1  All  distances  shall  be  measured  from  the  contact  tips  or  arc  horns. 

2  Barriers, 
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Table  6. — Minimum  thickness  of  steel  metal  inclosures 


Maximum 
volume  of 
inclosure 

Maximum 

area  of  any 

surface 

Maximum 
dimension 

Without  support- 
ing frame.    Min- 
imum    United 
States  sheet  steel 
gage 

With  support- 
ing    frame,     or 
equivalent  rein- 
forcement, mini- 
mum    United 
States  sheet  steel 
gage 

Cubic  feet 

1 

Square  inches 

Inches 
12 
18 
24 

48 

Number 
20 

18 
16 
14 
10 

Inch 
0.037 
.050 
.062 
.078 
.141 

Number 
24 
20 
18 
16 
16 

Inch 
0.025 
.037 
.050 
.062 
.062 

360 

1,200 

Over  1,  200 

Table  7. — Requirements  of  wire  screens 


Mamimum  openings  in 
screen 

Minimum 
wire  size 
American 
steel  wire 
gage 

Inches 
Over  J^  and  not  over  2 

Number 
16 
12 

Table  8. — Clearance  between  uninsulated  nonarcing  parts  and  to  ground 


Maximum  voltage 

Minimum  clearance  distance 

Through 
air 

Through 
oil 

Across  clean  dry 
surfaces 

Air 

Oil 

300  (and  over  50)                                      -  -  - -  --     -     --- 

Inches 
H 
% 

1 

2 

Inches 

Inches 
3M 

Inches 

600                     - -- -  -  -        - 

/J 

2  500                                                         -  - --     .  -  --- 

1 

7  000                          -  -        ---  

2 

1  These  clearances  distances  should  be  increased  for  dirty  or  moist  conditions. 


In  Figures  68,  69,  and  70  are  indicated  the  standard  convention 
symbols  adopted  by  the  National  Electrical  Manufacturers' 
Association. 
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SCHEME  OF  MAIN  CONNECTIONS 

STARTING  RESISTOR 


SHUNT  ACCELERATING  RELAYS 

1-4         FIELD         OR  SERIES  SWITCH  COILS 

►AAMAA. 


FIELD  DISCHARGE  RESISTOR 


-Hlrxj-u-Ln_n_rLn_J 


METHOD  OF  SHOWING  CONNECTIONS 
AND  CROSSING  OF  CONDUCTORS 


J4 


COILS 


__7w\a; — 


SHUNT  COIL 


SERIES  COIL 


LIGHTNING 
ARRESTER 


X 


CURRENT 
TRANSFORMER 


AW\ 


POTENTIAL 
TRANSFORMER 


AIR  CIRCUIT 
BREAKERS 


i     A  A 

5.R  D.P 


OILCIRCUIT 
BREAKERS 


SP  D.P 


BATTERY 


^iimii 


INSTRUMENTS 
AND  METERS 


RELAYS 


SOLENOID 
TYPE 


O 
O 

o 

INDUCTION  TYPE 


RELATIVE  ARRANGEMENTS  OF  TERMINALS  FOR  INSTRUMENTS,METERS 

AND   RELAYS  ARE  INDICATED  BY  DOTS  FOR  POTENTIAL  AND  BY  SMALL 

CIRCLES  FOR  CURRENT  FUNCTIONS.  TYPE  IS  INDICATED  BY  LETTERS. 


Figure  68. — Standard  convention  symbols 
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SIX-POINT  MASTER 
SWITCH 


SEQUENCE  OF 
SWITCHES 


sw 

FORWARD 

OFF 

reverse! 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CONDENSER 


GROUND 


INDUCTANCE 


TWf 


REACTOR  OR 
CHOKE  COIL 


SHUNT 


-\rj}- 


POWER 
TRANSFORMER 


\AAA/ 

MAAWAA 


AUTO 
TRANSFORMER 


AAAKWs 


-HI      II 

CONTROL  FUSE 
O          O 

POWER  FUSE 

PUSH  BUTTON 
SPRING  RETURN 

o    o     olio 

BELL 


Q 


TESTING  TERMINALS 
AND  LINKS 


CURRENT 


©  0© 


INDICATING 


■X 

ARC 


INCANDESCENT 


Figure  69. — Standard  convention  symbols 
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RESISTOR 


-nniu 


GRIDTYPE 


TUBE  TYPE 


USED  ON  SWITCHBOARD 
DIAGRAMS 


D.  C    MACHINE 


n? 


USED  ON  CONTROL 
DIAGRAMS 


D  C    MACHINE 

-A/WWV—     SHUNT 
-AWWV-    SERIES 

(     O     Vy-COMM 


RHEOSTAT 


0 


A.C. GENERATOR  AND 
SYNCHRONOUS  MOTOR 


m 


KNIFE  SWITCH 

o    o   o    o 

rm 

o    o   o   o 

MULTIPOLAR 
DOUBLE  THROW 


cW 


2-POLE  SINGLE  THROW 


INDUCTION    MOTOR 
SQUIRREL  CAGE 


3  0   A  C.  SQUIRREL-CAGE 
MOTOR 


iW 


0 


TRUCK-TYPE 

SWITCHBOARD 

CONTACTS 


MALE   (OR  truck). 

T 

FEMALE  (OR   HOUSING) 


INDUCTION   MOTOR 
WOUND  SECONDARY 


3  0   A.C.  SLIP-RING 
MOTOR 


(f 

ttt 

SYNCHRONOUS 
CONVERTER 


( 


Figure  70. — Standard  convention  symbols 
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INTRODUCTION 

The  nature  of  resistance  of  cereals  to  Pucclnia  graminis  Pers.  has 
been  a  subject  for  much  speculation  and  investigation.  There  are 
probably  at  least  three  types  of  resistance :  Two  types  of  physiologic 
resistance,  protoplasmic  and  functional,  and  morphologic  resistance. 

The  protoplasmic  type  of  resistance  has  been  investigated  more 
thoroughly  than  the  other  types,  and  it  was  long  assumed  that  the 
rust  resistance  of  cereals  could  be  accounted  for  on  a  physiological 
basis.  There  is  a  high  degi'ee  of  specificity  between  host  plant  and 
pathogene.     A  cereal  variety  may  be  susceptible  to  certain  physio- 

^  The  investigations  here  reported  were  conducted  by  the  Division  of  Cereal  Crops  and 
Diseases,  Bureau  of  Plant  Industry,  in  cooperation  with  the  Plant  Pathology  and 
Botany  Division  of  the  Minnesota  Agricultural  Experiment  Station. 

Presented  as  a  thesis  to  the  faculty  of  the  Graduate  School  of  the  University  of 
Minnesota  in  partial  fulfillment  of  the  requirements  for  the  degree  of  doctor  of  philosophy. 

2  The  writer  gratefully  acknowledges  her  indebtedness  to  Dr.  E.  C.  Stakman  for  his 
supervision  and  criticism  during  the  course  of  the  investigation,  and  for  his  suggestions 
in  the  preparation  of  the  report.  She  is  also  indebted  to  Dr.  Olaf  S.  Aamodt  for  wheat 
samples  from  the  uniform  rust  nursery. 

67002°— 31 1 


2  TECHNICAL  BULLETIN    2  6  6,   U.   S.   DEPT.   OF  AGRICULTURE 

logic  forms  of  the  pathogene  and  highly  resistant  to,  or  even  immune 
from,  other  physiologic  forms  of  the  same  species.  In  all  cases  in- 
fection begins  normally,  for  the  germ  tubes  of  the  fungus  may  enter 
physiologically  resistant  as  well  as  physiologically  susceptible  varie- 
ties. However,  after  the  germ  tubes  enter  a  host  that  has  proto- 
plasmic resistance,  they  kill  some  of  the  host  cells  and  then  they 
themselves  die,  so  that  the  fungus  is  never  able  to  establish  itself  as 
an  active  parasite.  The  nature  of  the  incompatibility  or  antagonism 
between  the  cereal  plant  and  the  fungus  is  not  known.  Varieties 
that  have  protoplasmic  resistance  to  certain  forms  of  P.  gramnis 
probably  are  resistant  in  all  stages  of  development.  In  some  cases, 
however,  cereal  varieties  are  susceptible  in  the  seedling  stage  and 
moderately  resistant  in  later  stages  of  development.  This  may  be 
due  to  a  morphologic  rather  than  a  protoplasmic  resistance. 

Morphological  resistance  to  P.  grammis  is  dependent  on  the  struc- 
ture of  the  cereal  plant  rather  than  on  the  interrelations  or  compati- 
bility of  the  cereal  plant  and  the  fungus.  The  pathogene  can  enter 
and  develop  normally  in  a  variety  with  protoplasmic  susceptibility, 
but  the  structural  characters  of  the  host  may  be  such  as  to  prevent 
an  extensive  development  of  the  rust.  P.  graminis  can  develop  in 
almost  all  tissues  of  the  seedlings,  but  in  older  plants  its  development 
is  possible  only  in  the  chlorophyllous,  nonlignified  tissues.  In  the 
stem,  the  rust  can  grow  only  in  the  chlorophyllous  collenchyma 
bundles,  which  extend  lengthwise  of  the  stem  and  are  partly  sur- 
rounded by  the  thick- walled,  lignified  sclerenchyma.  In  morpho- 
logically resistant  varieties  the  collenchyma  bundles  are  narrow,  iso- 
lated strands,  separated  by  broad  bands  of  sclerenchyma ;  hence  the 
rust  is  restricted  to  relatively  small  areas.  Long,  linear  pustules  are 
formed  rather  than  broad  confluent  ones,  and  the  host  is  practically 
resistant.  Thus  a  variety  may  be  physiologically  susceptible  but 
morphologically  resistant  to  certain  rust  forms.  The  resistance  of 
certain  wheat  varieties  in  the  field  may  be  explained  on  this  morpho- 
logical basis.  However,  there  are  some  varieties  that  have  protoplas- 
mic and  morphologic  susceptibility  in  all  stages  of  development  when 
inoculated  artificially  in  the  greenhouse,  and  yet  they  remain  almost 
free  from  rust  in  the  field.  The  reason  for  the  field  resistance  of  these 
varieties  has  not  hitherto  been  explained  and  has  constituted  one  of 
the  principal  problems  of  the  present  investigation.  A  third  type  of 
resistance  was  discovered,  which,  for  want  of  a  better  term,  may  be 
designated  as  functional  resistance. 

Functional  resistance  to  stem  rust  is,  in  certain  cereal  varieties, 
the  result  of  a  characteristic  stomatal  behavior  that  causes  the  ex- 
clusion of  the  fungus.  There  is  a  tendency  for  the  cereals  to  carry 
on  photosynthesis  with  many  stomata  closed,  but  it  has  been  found 
that  stomatal  behavior  differs  greatly  in  different  varieties  and  is 
very  characteristic  for  a  given  variety.  The  stomata  of  some  varie- 
ties are  closed  for  long  periods.  Those  of  other  varieties  open  early 
in  the  day  and  remain  wide  open  or  partly  open  most  of  the  day. 
The  germ  tubes  of  P.  gTarrmds  enter  cereals  through  the  stomata 
but  are  unable  to  penetrate  <?losed  stomata.  Hence,  those  varieties 
whose  stomata  remain  closed  for  long  periods,  and  especially  at 
critical  times  for  germ-tube  entry,  are  resistant  to  rust. 
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HISTORICAL  REVIEW 

It  has  long  been  known  that  some  varieties  of  wheat  are  more 
susceptible  to  rust  than  others.  The  general  opinion  about  1890  was 
that  the  hardy,  stiff -straw  varieties  were  the  least  injured  by  rust. 
In  1892  Cobb  {IS)^  advanced  a  "mechanical  theory"  to  explain  rust 
resistance,  stating  that  morphological  characters,  such  as  a  thick 
cuticle,  a  waxy  covering,  small  stomata,  a  large  number  of  leaf 
hairs,  or  upright  leaves,  might  be  responsible  for  the  resistance  of 
certain  varieties.  Hitchcock  and  Carleton  {22)  supported  Cobb's 
theory,  for  they  state  that  varieties  with  stiff  upright  leaves  are 
affected  less  than  varieties  with  flaccid  foliage  and  that  varieties 
with  thick  epidermis  or  with  many  hairs  are  less  likely  to  rust  than 
those  w^ith  thin  epidermis  and  few  hairs.  Farrer  {16) ,  in  Australia, 
concurred  in  the  mechanical  theory  of  resistance;  and  Sappin- 
Trouffy  {35) ,  in  France,  reported  and  illustrated  the  localization  of 
Puccima  g^raminis  in  the  chlorenchj^matous  regions  of  the  stem  of 
A vena. 

Eriksson  and  Henning  (i-5),  however,  were  unable  to  correlate 
morphological  characters  and  rust  resistance,  inasmuch  as  they 
observed  that  a  wheat  variety  might  be  resistant  to  some  species  of 
rust  and  very  susceptible  to  others.  They  believed  that  the  rust 
resistance  was  to  be  explained  on  a  chemical  and  physiological  basis 
rather  than  a  morphological  one. 

Ward  (4/',  h^) ,  in  1901  and  1902,  studied  the  behavior  of  Puccinia 
dispersa  on  Brojnus  spp.  After  investigating  the  size,  number,  and 
distribution  of  stomata,  hairs,  and  vascular  bundles,  the  chlorophyll- 
containing  tissues,  and  the  sclerenchyma  of  the  brome  leaf,  he  con- 
cluded that  resistance  to  infection  is  not  to  be  accounted  for  by 
observable  structural  peculiarities.  Ward  {^9)  was  of  the  opinion 
that  resistance  is  due  to  internal  or  intraprotoplasmic  properties  that 
are  beyond  the  reach  of  the  microscope.  Biffen  {11)  agreed  with 
Ward  that  rust  resistance  is  indej^jendent  of  discernible  morphological 
characters  and  believed  that  it  would  be  practicable  to  breed  wheat 
varieties  morphologically  similar  but  differing  in  susceptibility  to 
the  attacks  of  certain  parasitic  fungi. 

Ward  {48)  found  different  degrees  of  susceptibility  when  bromes 
were  artificially  inoculated  with  P,  dispersa.  According  to  Ward, 
infection  in  a  few  cases  fails  entirely,  either  because  the  spores  do 
not  germinate  or  because  the  germ  tubes  are  unable  to  enter  the 
stomata  and  produce  a  mycelium.  At  the  other  extreme  the  germ 
tubes  enter  the  leaf,  produce  an  extensive  mycelium,  and  give  rise  to 
pustules.  In  intermediate  cases  there  may  be  a  pale  flecking  of  the 
leaf,  indicating  a  more  or  less  extensive  mycelium  which  never  pro- 
duces spores.  Sometimes  the  infecting  fungus  attacks  the  host  cells 
so  rapidly  that  they  are  killed  at  once,  and  then  the  fungus  dies,  for 
the  dead  host  cells  are  unsuitable  medium  for  its  further  growth. 

The  study  of  rusts  and  rust  resistance  of  grasses  was  continued  in 
Ward's  laboratory,  and  in  1904  Gibson  {18)  reported  that  germ  tubes 
of  rust  might  easily  enter  the  stomata  of  plants  that  are  not  natural 
hosts.     Thus  the  germ  tubes  of  a  grass  rust  might  enter  the  stomata 


8  Italic  numbers  In  parentheses  refer  to  Literature  Cited,  p.  72. 
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of  a  leaf  of  Ranunculus.  The  rust  reaches  various  stages  of  develop- 
ment, depending  on  the  taxonomic  relationship  of  the  inoculated 
plant  to  the  natural  host,  but  in  all  cases  of  infection  of  a  nonhost 
plant  the  fungus  dies  before  a  mycelium  is  established. 

The  infection  of  an  extremely  resistant  wheat  by  Pwccirvia  glumar- 
wfn  has  been  described  in  detail  by  Marryat  (29).  She  found  that 
the  germ  tubes  enter  and  produce  hyphae  in  the  highly  resistant 
host  just  as  in  a  susceptible  host.  In  the  former,  however,  the  prog- 
ress of  the  rust  is  checked  by  the  disintegration  and  death  of  the 
host  cells,  resulting  in  starvation  of  the  fungus  hyphae.  The  de- 
structive action  of  P.  glumarmn  is  very  rapid  in  a  highly  resistant 
host.  The  reason  for  such  a  reaction  is  unknown,  but  Marryat  sup- 
posed that  it  might  be  due  to  the  production  by  parasite  and  host  of 
certain  toxins  and  antitoxins  which  are  mutually  destructive. 

A  similar  phenomenon,  the  infection  of  a  highly  resistant  host  by 
P.  graminis^  was  investigated  by  Stakman  {38)  in  1914.  The  germ 
tubes  of  P.  graminis  are  able  to  enter  the  stomata  of  the  highly 
resistant  Khapli  emmer.  The  substomatal  vesicle  may  or  may  not 
send  out  short  club-shaped  hyphal  branches,  which  soon  become 
vacuolate  and  never  send  haustoria  into  the  host  cells.  If  a  hypha 
comes  in  contact  with  a  host  cell,  the  protoplast  of  that  cell  disin- 
tegrates and  soon  dies.  The  hypha  may  continue  to  grow  and  attack 
other  cells,  but  eventually  it  also  disintegrates  and  dies.  The  incom- 
patibility of  host  and  fungus  is  extreme,  for  the  host  cells  seem  to 
be  hypersensitive  to  the  fungus. 

Newton  {30)  also  studied  the  behavior  of  Puccima  graminis  tritici 
in  a  susceptible  wheat  variety,  Marquis,  and  in  a  resistant  variety, 
Kanred.  Her  observations  were  essentially  the  same  as  those  of  Stak- 
man {38^  S9).  The  susceptible  host  adjusts  itself  readily  to  the 
presence  of  the  fungus  and  the  rust  often  develops  luxuriantly.  The 
resistant  host  is  intolerant  of  the  fungus,  and  the  attacked  host  cells 
and  the  fungus  hyphae  soon  perish.  Infection  seems  to  depend  on  a 
delicate  balance  between  host  and  parasite. 

Recent  cytological  investigations  on  the  cereal  rusts  and  the  infec- 
tion of  their  hosts  have  been  made  by  Allen  (4,  ^,  ^,  7,  5,  9).  She 
studied  several  physiologic  forms  of  Piiccinia  grmninh  tritici  on 
susceptible,  moderately  resistant,  and  highly  resistant  wheat  varieties 
(^,  6^  6).  Allen  (7,  8)  also  studied  the  behavior  of  leaf  rust,  P.  tri- 
ticina,  on  the  susceptible  Little  Club  and  the  resistant  Malakoff 
wheats,  and  lately  she  (9)  has  reported  her  observations  on  the 
infection  of  Bromtis  inarginatus  and  Triticum  vulgare  by  stripe  rust, 
P.  ghmtaniin.  The  reactions  of  P.  coronata  on  Banner  and  Cowra 
35  oats  have  been  studied  cytologically  by  Ruttle  and  Fraser  (^^), 
and  Wellensiek  (51)  worked  with  two  physiologic  forms  of  P.  sorghi 
on  corn.  All  recent  cytological  findings  are  in  accord  with  the  phe- 
nomena reported  earlier,  although  tlie  authors  do  not  agree  on  the 
causes  and  explanations  for  the  phenomena. 

It  was  long  supposed  that  all  the  rust  resistance  of  cereals  could 
be  accounted  for  on  a  physiological  basis.  The  theory  of  a  mechan- 
ical resistance  had  been  so  completely  discarded  by  1905  that  no  one 
seems  to  have  thought  of  studying  the  structure  of  rust-resistant 
wheats  until  1921,  when  Allen  (^3)  suggested  that  the  resistance  of 
Kanred  might  be  due  in  part  to  the  fact  that  the  stomatal  slits  were 
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not  wide  enough  to  permit  the  germ  tubes  to  enter.  Under  the  con- 
ditions of  her  experiments  the  stomata  of  Kanred  excluded  90  per 
cent  of  the  germ  tubes  of  Pucciiiia  g-rmiibm  tritiei,  and  she  suggested 
{S  and  4?  P'  ^U)  that  the  presence  of  the  appressorium  might  act 
as  a  stimulus  to  the  stoma,  narrowing  still  further  the  naturally 
small  stomatal  slit  or  causing  the  guard  cells  to  remain  closed.  She 
believed  (^,  p.  H6)  that  the  resistance  in  Kanred  was  due  in  part  to 
the  nature  of  its  stomata. 

Hursh  {23)  likewise  investigated  the  possibilities  of  a  morphologi- 
cal basis  for  resistance.  In  1924  he  reported  that  the  distribution 
of  sclerenchyma  and  collenchyma  in  wheat  culms  could  be  cor- 
related with  the  rust  resistance  of  the  variety  in  question.  Hursh 
found  that  the  stems  of  some  resistant  wheats  contain  large  amounts 
of  sclerenchyma,  constituting  a  mechanical  limitation  to  the  spread 
of  mycelium  and  the  size  of  pustules,  which  are  likely  to  be  narrowly 
linear.  On  highly  susceptible  varieties,  on  the  other  hand,  charac- 
terized by  little  sclerenchyma  but  extensive  strands  of  collenchyma, 
the  rust  pustules  are  broad  and  often  confluent.  Hursh's  work  re- 
established the  older  idea  of  a  morphological  type  of  resistance,  but 
on  a  slightly  different  basis.  He  pointed  out  that  the  number  of 
leaf  hairs  and  the  size  and  number  of  stomata  on  the  leaves  were 
unimportant  in  influencing  the  entrance  of  germ  tubes.  The  impor- 
tant factors  were  the  distribution  of  susceptible  tissues  in  the  wheat 
culm  and  the  mechanical  restrictions  to  the  spread  of  the  rust  after 
it  had  established  itself  within  the  peduncle  of  the  host. 

Although  many  investigators  studied  the  size  and  number  of 
stomata  in  relation  to  rust  resistance  in  cereals,  very  little  thought 
was  given  to  the  possible  bearing  of  stomatal  behavior  on  the  resist- 
ance of  a  variety.  As  early  as  1916  Pool  and  McKay  {32)  found 
that  infection  of  sugar-beet  leaves  by  Cercospora  heticola  was  de- 
pendent on  stomatal  activity.  As  germ  tubes  of  the  conidia  were 
unable  to  penetrate  closed  stomata,  infection  occurred  only  when 
the  stomata  were  open.  The  possibility  that  stomatal  movements 
in  wheats  might  influence  the  entrance  of  germ  tubes  of  the  rust 
was  mentioned  by  Hursh  {23)  and  by  Allen  (7),  but  no  reports  of 
actual  studies  were  made. 

The  stomatal  behavior  of  several  wheat  varieties  and  the  effect  on 
rust  infection  in  the  field  and  greenhouse  have  been  investigated  by 
Hart  {20) .  The  germ  tubes  of  Puccinia  graminis  tritici  usually  do 
not  penetrate  closed  stomata;  thus  infection  can  occur  only  when 
the  stomata  are  open  and  conditions  are  favorable  for  spore  ger- 
mination and  growth  of  germ  tubes.  The  type  of  stomatal  behavior 
is  characteristic  for  varieties  of  wheat.  In  some  varieties  the 
stomata  respond  rapidly  to  favorable  stimuli  and  open  almost  imme- 
diately  after  sunrise ;  in  other  varieties  the  stomata  open  very  slowly 
or  not  at  all.  In  the  first  case  the  fungus  enters  its  host  readily, 
but  in  the  second  case  many  of  the  germ  tubes  are  excluded,  and  the 
host  is  rarely  infected.  According  to  Hart,  the  field  resistance  of 
certain  wheat  varieties  may  be  accounted  for  on  the  basis  of  stomatal 
behavior. 

The  present  paper  deals  with  the  morphological  and  functional 
resistance  of  wheat  varieties.  Ever  since  the  extensive  studies  on 
physiologic  specialization  in  Puccinia  graminis  by  Stakman  and  his 
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coworkers  (S8,  S9,  Jfi^  Jpl^  Jj2^  J^S^  Hy  JfS) ,  it  has  been  known  that  there 
are  certain  discrepancies  in  the  type  of  infection  on  seedlings  in  the 
greenhouse  and  that  on  mature  plants  in  the  field.  Many  of  these 
perplexing  varieties  have  been  studied  to  determine  whether  they 
possess  a  morphological  or  functional  type  of  resistance  that  would 
modify  the  physiological  reaction  to  virulent  rust  forms. 

HOST   STRUCTURE   AND   THE   RELATION   OF   SUSCEPTIBLE   HOST 
TISSUE  TO  RUST  RESISTANCE 

Many  of  the  early  conclusions  regarding  morphological  resistance 
were  based  on  circumstantial  evidence,  on  a  consideration  of  the 
gross  anatomy  of  the  cereal  hosts,  and  on  their  reaction  to  rust  in 
the  field.  About  1902  Ward  {Jf8)  made  more  detailed  studies  of  the 
minute  anatomy  of  the  hosts.  He  investigated  the  leaf  rust  of 
bromes  and  naturally,  but  unfortunately,  paid  particular  attention 
only  to  seedlings  and  mature  leaves.  His  conclusion  that  there  was 
no  morphological  basis  for  rust  resistance  probably  was  justified  as 
far  as  his  material  was  concerned,  but  later  studies  of  the  structure  of 
the  culms  of  mature  plants  have  shown  that  his  generalization  was 
too  sweeping.  The  present  investigation  shows  that  the  structure  of 
wheat  seedlings  in  no  way  limits  rust  infection;  that  the  structure 
of  the  peduncles  of  mature  wheat  plants  may  have  a  very  great 
influence  on  rust  infection;  and  that  the  structure  of  leaves,  leaf 
sheaths,  glumes,  and  awns  of  certain  wheat  varieties  may  limit  the 
development  of  rust. 

THE  SEEDLINGS 

Seedlings  are  used  in  most  of  the  greenhouse  studies  on  physiologic 
specialization  in  the  rusts  and  in  some  of  the  studies  on  the  inheri- 
tance of  rust  reaction  in  certain  wheat  crosses.  The  writer  therefore 
made  a  thorough  study  of  the  structure  of  seedlings  and  its  possible 
relation  to  resistance. 

The  blunt  linear  seedling  leaf  is  a  modified  duplicate  of  the  older 
leaf  blade.  (Fig.  1.)  The  lower  surface  usually  is  smooth,  with  a 
more  or  less  prominent  midrib  and  parallel  veins  running  the  entire 
length  of  the  leaf,  but  the  upper  surface  is  ridged  in  almost  all 
varieties.  The  epidermis  consists  of  thin-walled  cells,  and  epi- 
dermal hairs  often  are  present.  The  stomata  are  arranged  in 
parallel  rows  on  upper  and  lower  surfaces.  The  mesophyll  tissue 
comprises  a  loose,  spongy  mass,  with  no  compact  palisade  layer,  and 
the  numerous  intercellular  spaces  are  sometimes  relatively  large. 
The  vascular  bundles  are  parallel  with  the  midrib,  and  large  bundles 
usually  alternate  with  smaller  ones. 

There  is  very  little  sclerenchyma  in  the  seedling  leaf,  aside  from 
that  in  the  fibrovascular  bundles.  The  midrib  may  be  reenforced  by 
a  group  of  cells  whose  walls  have  become  thickened  and  lignified,  and 
there  may  be  a  small  group  of  such  cells  along  each  leaf  margin. 
Occasionally,  just  beneath  the  epidermis  and  opposite  the  large 
vascular  bundles,  there  may  be  a  few  lignified  cells.  As  seen  in  cross 
section,  each  of  these  groups  has  only  three  or  four  cells,  while  the 
groups  at  the  margins  and  the  midrib  may  contain  a  dozen  or  more. 
This  scanty  development  of  sclerenchyma  is  characteristic  of  seed- 
lings of  all  varieties,  and  there  seems  to  be  no  structural  hindrance 
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to  rust  development.    Virtually  all  tissues  of  the  seedlings  are  sus- 
ceptible to  virulent  forms  of  rust.     (Fig.  1,  B.) 

There  is  a  possibility  that  leaf  hairs  may  be  so  numerous  on  seed- 
lings that  the  germ  tubes  of  the  fungus  are  kept  from  entering  the 
stomata,  or  that  the  stomata  are  so  small  or  so  few  and  scattered  that 
the  germ  tubes  are  unable  to  infect  the  seedling.  Ward  {Jf8)  investi- 
gated these  problems  with  respect  to  the  leaf  rust  of  the  bromes,  and 
Hursh  {23)  studied  them  with  respect  to  stem  rust  of  wheat.  ^  Both 
workers  concluded  that  such  factors  were  of  no  importance  in  the 
entrance  of  germ  tubes.  Allen  {3)  studied  the  entrance  of  Pucomia 
graminis  tritici  through  the  stomata  of  Kanred  and  Mindum  wheats. 
The  spores  germinated  readily  on  leaves  of  both  varieties,  and  many 
appressoria  were  formed  over  the  stomata,  but  only  one-tenth  of  the 
sporelings  entered  Kanred,  while  virtually  all  entered  Mindum.    The 


Figure  1. — A,  Cross  section  of  a  seedling  leaf  blade  of  wheat,  showing  the  meager 
amount  of  sclerenchyma  («)  at  the  midrib,  at  the  margin  of  the  blade,  and  opposite 
the  vascular  bundles.  A  large  proportion  of  the  seedling  blade  is  chlorenchyma. 
B,  Cross  section  of  a  rusted  wheat  seedling,  showing  that  there  are  practically  no 
morphological  restrictions  to  the  spread  of  rust  mycelium,      x   70 

stomatal  apertures  of  Kanred  are  extremely  long  and  narrow,  and 
those  of  Mindum  are  rather  short  but  about  twice  as  wide  as  those 
of  Kanred.  Allen  suggested  that  the  naturally  small  stomatal  open- 
ing in  Kanred  might  exclude  the  sporelings,  especially  if  the  open- 
ing is  still  further  narrowed  by  the  action  of  the  guard  cells  when  the 
appressorium  is  formed. 

Newton  {30)  also  studied  rust  infection  on  seedlings  of  Kanred 
wheat.  She  obtained  heavy  infection  with  forms  3,  11, 12,  15,  18,  and 
32  of  Puccinia  gi^aminis  tritiei.  If  Allen's  suggestion  that  the  narrow 
stomatal  slits  of  Kanred  excluded  the  germ  tubes  were  true,  it  was  to 
be  assumed  that  the  germ  tubes  of  Newton's  rust  forms  were  smaller 
than  those  of  the  form  with  which  Allen  worked.  Newton  meas- 
ured the  average  diameters  of  the  germ  tubes  of  form  18,  to  which 
Kanred  is  highly  susceptible,  and  form  17,  to  which  Kanred  is  highly 
resistant.     There  was  no  appreciable  difference,  so  it  is  probable 
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that  the  stomatal  size  was  not  the  factor  responsible  for  the  resistance 
of  Kanred. 

Apparently  it  is  justifiable  to  conclude  that  wheat  seedlings  usually 
possess  no  morphological  resistance  to  Puccinia  graTmnis,  Other 
parts  of  the  plant  vary  more  in  structure  and  contain  larger  propor- 
tions of  the  kind  of  tissue  that  can  not  be  attacked  by  rusts. 

THE  PEDUNCLE 

Puccinia  grcmiinis  causes  the  greatest  injury  when  it  attacks  the 
peduncle  of  the  plant — that  portion  of  the  stem  just  below  the  rachis. 
The  peduncle  usually  is  a  hollow  cylinder,  although  it  is  sometimes 
solid.  The  outer  part,  beneath  the  epidermis,  is  composed  of  strands 
of  chlorophyllous  tissue  separated  by  sclerenchyma  and  vascular 
bundles,  and  the  inner  region  is  made  up  of  colorless,  thin-walled 
parenchyma.  The  cellulose  walls  of  the  cells  in  the  chlorophyllous 
tissues  may  be  thin  or  irregularly  thickened,  so  that  Hursh  speaks 
of  this  tissue  as  collenchyma.  The  collenchyma  is  almost  surrounded 
by  the  sclerenchyma,  the  cells  of  which  have  thick,  lignified  walls. 
The  vascular  bundles  form  the  inner  part  of  the  sclerenchyma  sheath 
and  help  to  separate  the  strands  of  collenchyma. 

Puccinia  g^'aminis  attacks  only  the  chlorophyllous  collenchyma 
strands  in  the  peduncles  of  cereals,  entering  through  the  stomata, 
which  are  located  in  single  or  double  rows  in  that  part  of  the  epi- 
dermis that  covers  the  collenchyma.  The  fungus  mycelium  invades 
the  collenchyma  region  but  is  unable  to  penetrate  the  surrounding 
sheath  of  sclerenchyma.  Sappin-Trouffy  (j5),  in  1896,  presented 
an  excellent  drawing  showing  P.  graTmnis  confined  to  the  chloro- 
phyllous strands  of  the  stem  of  Avena.  He  observed  that  the  my- 
celial filaments  were  localized  in  the  parenchymatous  regions  of  a 
plant,  and  on  the  stem  of  the  host  the  mycelium  was  extended  freely 
only  longitudinally,  because  it  was  bordered  on  all  sides  and  under- 
neath by  a  hemispherical  sheath  of  sclerenchyma.  The  mycelium 
was  not  found  within  the  sclerenchyma,  although  some  of  the  haus- 
toria  might  penetrate  the  cells  of  the  first  layer  bordering  on  the 
chlorophyllous  tissue. 

Eriksson  and  Henning  {15^  p.  120-123^  figs.  JfO^  44)  also  found  that 
rust  was  confined  to  the  chlorophyll-containing  tissues  of  the  plant 
and  was  not  found  in  the  mechanical  tissues.  They  studied  the 
structure  of  uredinia  on  different  parts  of  the  plant  and  explained 
the  variable  aspect  of  the  pustules  on  the  basis  of  the  distribution  of 
chlorophyll  tissue,  pointing  out  that  the  sheath  was  far  richer  in 
this  tissue  than  the  stem. 

The  peduncles  of  several  wheat  varieties  and  the  extent  of  their 
chlorophyllous  collenchyma  strands  were  studied  by  Hursh  (23). 
Varieties  differ  greatly  in  the  amount  and  distribution  of  collenchyma 
in  the  peduncle.  Little  Club  and  similar  varieties  have  large  pro- 
portions of  collenchyma,  and  it  is  distributed  in  a  few  very  broad 
strands  which  may  extend  one-third  or  more  of  the  way  around  the 
stem.  When  such  strands  are  attacked  by  P.  gramiinis,  the  pustules 
that  are  formed  are  very  large  and  broad,  so  that  not  many  are  needed 
to  encircle  the  stem.  Kota  and  some  of  the  emmers  have  smaller 
proportions  of  collenchyma,  and  it  is  distributed  in  many  narrow 
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strands  isolated  from  one  another  by  broad  bands  of  sclerenchyma. 
When  such  strands  are  attacked  by  rust,  the  pustules  formed  are 
long  and  narrow  and  often  very  distinct  from  one  another,  so  that 
a  greater  number  of  infections  are  required  to  encircle  the  stem. 
Varieties  with  the  latter  type  of  peduncle  structure  are  morphologi- 
cally resistant  to  stem  rust. 

The  relative  proportions  of  collenchyma  and  sclerenchyma  in  the 
peduncle  have  been  studied  in  many  other  varieties  of  w^heat.  In 
addition  the  writer  has  studied  several  other  factors  that  are  im- 
portant in  a  morphological  type  of  resistance,  namely,  the  size, 
shape,  and  disposition  of  collenchyma  strands  in  the  sclerenchyma 
sheath,  the  thickness  and  resistance  to  rupture  of  the  epidermis  of 
the  peduncle,  the  structure  of  the  collenchyma  cells,  and  the  effect  of 
fertilizers  on  the  structure  of  the  peduncle  of  certain  varieties.  In 
some  cases  one  factor  is  more  important  than  all  others  in  determin- 
ing the  morphological  resistance  of  a  wheat  variety  to  stem  rust. 
In  other  cases  resistance  may  be  the  result  of  the  interaction  of 
several  factors. 

PBOPOETIONS    OF    COLLENCHYMA    AND    SCLERENCHYMA    IN    THE    PEDUNCLE 

The  structure  of  the  peduncle  was  studied  in  a  number  of  stand- 
ard wheat  varieties  to  determine  whether  it  varied  greatly  or  was 
reasonably  constant  in  any  given  variety  and  whether  there  was  a 
constant  relationship  between  rust  susceptibility  and  a  large  pro- 
portion of  collenchyma.  To  secure  definite,  easily  comparable  re- 
sults, the  proportion  of  collenchyma  was  recorded  as  a  percentage 
of  the  tissue  facing  on  the  periphery  of  a  circle  superposed  on  a 
cross  section  of  the  peduncle.  This  method  of  measurement  takes 
into  account  only  the  face  of  the  collenchyma  strand  adjacent  to  the 
periphery  and  does  not  consider  the  depth  or  configuration  of  the 
strand.  It  was,  however,  the  only  feasible  method  for  comparing 
large  numbers  of  peduncles  and  determining  the  relative  proportions 
of  collenchyma  and  sclerenchyma  in  the  outer  regions  of  the  stem. 
Hundreds  of  peduncles,  sectioned  1^  inches  below  the  head,  have 
been  measured  for  each  wheat  variety.  All  the  varieties  were  grown 
in  the  field  at  University  Farm,  St.  Paul,  Minn. 

The  preliminary  work  indicated  that  the  structure  of  a  variety  is 
remarkably  constant  from  season  to  season  and  also  from  the  begin- 
ning to  the  end  of  a  single  season.  At  different  intervals  after 
heading,  three  different  varieties  were  compared  as  to  the  percentage 
of  collenchyma  in  the  peduncle.  Twenty  samples  of  each  were 
taken  3  days  after  heading,  10  days  after  heading,  and  20  days  after 
heading.  The  percentages  of  collenchyma  for  any  one  variety  were 
approximately  the  same  at  all  times,  never  varying  more  than  1  per 
cent.  Thus  the  proportions  of  collenchyma  and  sclerenchyma  in 
the  peduncle  do  not  change  after  the  plants  have  headed.  In  spite 
of  this  fact,  most  of  the  samples  of  the  standard  varieties  were  taken 
at  a  fairly  uniform  stage,  about  two  weeks  after  heading. 

Table  1  gives  the  percentages  of  collenchyma  in  the  peduncles  of 
some  of  the  varieties  examined.  In  the  common  wheats  there  seems 
to  be  a  correlation  between  rust  reaction  and  the  proportion  of 
collenchyma.     Quality,  Marquis,  Ruby,  and  Haynes  Bluestem,  varie- 
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ties  that  are  highly  susceptible  if  virulent  rust  forms  are  present, 
have  relatively  large  proportions  of  coUenchyma  in  their  peduncles. 
Kota  and  Webster,  on  the  other  hand,  usually  resistant  to  rust  in 
the  field,  have  less  collenchyma  in  their  stems.  Ceres,  selected  from 
a  cross  between  Marquis  and  Kota,  varies  markedly  in  rust  reaction, 
and  its  structure  seems  to  be  intermediate  between  that  of  its  parents. 
The  percentage  of  collenchyma  in  Ceres  is  less  than  in  Marquis,  the 
susceptible  parent,  but  greater  than  in  Kota,  the  semiresistant  parent. 
A  number  of  hybrids  between  varieties  of  Triticuin  amlgare  were 
studied,  and  in  all  these  cases  the  percentage  of  collenchyma  in  the 
peduncle  seemed  to  be  intermediate  between  the  percentages  present 
in  the  parent  varieties. 

Table  1. — Percentaffes  of  collenchyma  in  the  peduncles  of  different  varieties  of 
wheat  grown  in  the  field  at  University  Fartn,  St.  Paul,  and  at  Coon  Creek, 
Minn.,  each  season  from  192ff  to  1928,  inclusive 


Variety 


Triticum  compactum: 
Little  Club.. 

Triticum  vulgare: 

Quality 

Marquis 

Haynes  Bluestem 

Kuby 

Marquillo 

Ceres 

Kota.. 

Webster 

Hope — 


C.I. 

No. 


4066 

6607 
3641 
2874 
6047 
6887 
6900 
5878 
3780 
8178 


Collen- 
chyma 


Per  cent 
63.8 


69.0 
70.0 
68.8 
66.6 


60.8 
60.6 
61.3 


Variety 


Triticum  durum: 

Mindum 

Acme 

Pentad 

lumillo 

Kanred 

Triticum  dicoceum 

Khapli 

Vernal 

Sonem... 


C.I. 

No. 


5296 
5284 
3322 
1736 
5146 

4013 
3686 
4402 


Collen- 
chyma 


Per  cent 

77.2 
76.4 
77.1 
76.0 
74.1 


67.5 
58.0 


The  differences  in  percentage  of  collenchyma  in  the  varieties  are 
only  slight  and  may  not  be  responsible  for  the  marked  differences 
in  the  appearance  of  rust  pustules.  Nevertheless,  the  more  resistant 
varieties  of  Triticwm  "vulgmre  have  less  collenchyma  than  the  highly 
susceptible  varieties. 

All  of  the  durum  wheats  contain  large  percentages  of  collenchyma 
in  the  peduncles,  far  more  than  the  most  susceptible  common  wheats. 
(Table  1.)  On  the  basis  of  the  proportion  of  collenchyma  in  the 
peduncle,  none  of  the  durum  wheats  would  seem  to  have  any  mor- 
phological resistance  to  stem  rust. 

The  emmers  have  less  collenchyma  than  the  durums  or  the  common 
wheats.  (Table  1.)  About  half  of  the  circumference  of  the  peduncle 
of  Khapli  emmer  is  composed  of  sclerenchyma,  as  compared  with 
less  than  one-quarter  in  the  durums  and  about  one-third  in  the  com- 
mon wheats.  This  certainly  points  to  a  morphological  resistance  in 
the  emmers,  if  the  proportion  of  collenchyma  is  a  reliable  indication 
on  which  to  base  a  decision. 

It  is  the  writer's  opinion  that  the  proportion  of  collenchyma 
varies  more  in  different  parts  of  a  single  peduncle  than  in  the 
peduncles  of  different  varieties.  Percival  {31)  has  said  that  the 
chlorophyllous  tissue  is  arranged  in  parallel  strands  that  are  wide 
at  the  apex,  taper  gradually  as  they  are  traced  downwards,  and 
finally  disappear  before  reaching  the  base  of  the  internode.  He 
also  states  that  the  average  width  and  thickness  of  each  individual 
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strand  is  greatest  in  the  upper  internode  or  peduncle,  and  the  strands 
are  closer  together  there ;  consequently,  that  portion  of  the  straw  is 
more  uniformly  green  than  the  lower  internode.  If  the  peduncle 
of  any  wheat  variety  is  cross  sectioned  just  beneath  the  head  or 
within  one-eighth  of  an  inch  of  the  rachis,  a  great  abundance  of 
collenchyma  is  found.  The  collenchyma  strands  coalesce  in  this 
region  and  from  1  to  4  or  5  extensive  strands  encircle  the  stem 
almost  completely,  leaving  only  a  few  narrow  bands  of  scleren- 
chyma  tissue  to  interrupt  the  cylinder.  (Fig.  2.)  This  great 
expanse  of  collenchyma  in  the  region  just  below  the  rachis  is  char- 
acteristic of  all  wheat  varieties,  resistant  as  well  as  susceptible. 
It  was  found  also  in  the  emmers  examined.  The  total  percentage 
of  collenchyma  abutting  on  the  circumference  in  this  region  would 
be  between  90  and  98,  and  a  virulent  rust  form  would  produce  broad 
confluent  pustules  on  this  part  of  the  peduncle,  even  though  it  is 
restricted  to  narrow  isolated  collenchyma  strands  farther  down  the 


Figure  2. — Cross  sections  of  a  peduncle  of  wheat :  A,  Cut  one-sixteenth  inch  below 
the  head  ;  B,  cut  1%  inches  below  the  head  ;  C,  within  the  leaf  sheath,      x   15 

stem.  All  varieties  are  morphologically  susceptible  in  this  particular 
region. 

The  portion  of  the  peduncle  from  half  an  inch  below  the  rachis 
almost  to  the  enveloping  leaf  sheath  is  fairly  uniform  in  structure. 
It  is  this  part  of  the  stem  which  varies  according  to  the  wheat 
variety  and  is  to  be  taken  as  standard  for  any  one  variety.     (Fig.  2.) 

The  stem  within  the  leaf  sheath  and  just  above  it  contains  a  large 
amount  of  sclerenchyma  and  very  little  of  the  chlorophyllous 
collenchyma.  Susceptible  and  resistant  varieties  both  have  large 
amounts  of  mechanical  tissues  in  this  part  of  fhe  stem.  The 
collenchyma  strands  usually  are  extremely  narrow  and  shallow  and 
are  separated  by  wide  bands  of  sclerenchyma,  so  that  only  25  or  35 
per  cent  of  the  periphery  is  rust-susceptible  tissue;  therefore,  the 
pustules  are  necessarily  small  and  narrow.     (Fig.  2.) 

Thus  it  would  appear  that  the  morphological  resistance  of  a 
variety  probably  is  not  influenced  so  much  by  the  proportion  of 
collenchyma  in  the  peduncle  as  by  the  disposition  of  that  tissue  into 
collenchyma  strands  and  by  the  size  and  shape  of  these  individual 
strands  in  the  sclerenchyma  sheath. 


SIZE   AND    SHAPE    OF    COLLENCHYMA    STBANDS 

As  Hursh  {2S)  has  pointed  out,  the  collenchyma  strands  of  one 
wheat  variety  may  be  very  broad  and  confluent  while  those  of 
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another  are  narrow  and  distinctly  separated  by  bands  of 
sclerenchyma.  The  broad  and  confluent  strands  seem  to  be  composed 
of  two,  three,  or  more  individual  strands  which  have  never  been 
divided  and  separated  by  sclerenchyma.  The  collenchyma  areas  are 
never  so  extensive  as  they  are  in  the  region  just  below  the  rachis,  but 
they  are  broad  enough  to  permit  the  development  of  large,  con- 
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Figure  3. — Cross  sections  of  peduncles  of  seven  varieties  of  wheat  and  of  einkorn, 
showing  the  distribution  of  the  collenchyma  in  strands  that  are  partly  surrounded 
by  sclerenchyma.      X   24 

spicuous  rust  pustules  all  along  the  peduncle.  Not  all  the 
collenchyma  areas  of  a  single  peduncle,  however,  are  of  the  same 
size.  For  example,  the  peduncle  of  Quality  (fig.  3)  may  contain 
several  collenchyma  areas  made  up  of  three  or  four  fused  strands, 
a  number  composed  of  double  strands,  and  some  of  single,  isolated 
strands.  The  general  structure  of  the  peduncle  is  determined  by 
the  most  prevalent  type  of  collenchyma  area. 
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The  broad  confluent  strands  are  characteristic  of  Little  Club, 
Quality,  Dicklow  (C.  I.*  3663),  Marquis,  Havnes  Bluestem,  Reward 
(C.  I.  8182),  Early  Baart  (C.  I.  1697),  Axminster  (C.  I.  8196),  and 
Eedsask  (Minn.  2193).  All  these  varieties  have  been  highly  suscep- 
tible in  the  field  at  University  Farm,  St.  Paul,  Minn.,  and  the  rust 
pustules  are  always  large  and  prominent.  These  varieties  are 
physiologically  susceptible  to  a  large  number  of  physiologic  forms 
of  Pitccinia  grarmnis  tAtici^  and,  in  addition,  a  single  germ  tube 
infecting  a  broad  collenchyma  strand  can  produce  a  large  amount  of 
mycelium  over  a  relatively  large  area.  Consequently,  a  few  large 
pustules  cover  a  consider  a  Jble  surface  of  the  peduncle. 

In  the  peduncles  of  certain  other  varieties  the  strands  of  collen- 
chyma are  almost  alwaj^s  single  and  isolated,  with  only  a  few  double 
strands  scattered  here  and  there.  The  three  or  four  extensive  col- 
lenchyma areas  just  beneath  the  rachis  are  broken  up  into  30  or  40 
narrow  and  distinct  strands  farther  down  the  stem.  This  is  the  case 
in  Kota,  Webster,  Hope,  Minturki  (C.  I.  6155),  and  Sevier  (C.  I. 
6247),  usually  resistant  to  stem  rust  at  University  Farm.  (Fig.  3.) 
These  varieties  possess  a  protoplasmic  resistance  to  a  large  number 
of  physiologic  forms,  but,  even  when  they  are  infected  by  a  form 
to  which  they  are  physiologically  susceptible,  the  development  of  the 
rust  is  restricted  by  the  structure  of  the  peduncle.  The  mycelium 
produced  by  a  single  infecting  germ  tube  is  confined  to  the  limited 
area  of  a  single  narrow  collenchyma  strand,  and  the  pustules  pro- 
duced usually  are  small  and  narrow.  Thus,  a  great  number  of  infec- 
tions is  required  to  cover  the  amount  of  surface  that,  in  a  variety 
like  Little  Club,  is  covered  by  a  few  pustules.  Occasionally,  Kota 
appears  to  have  large  confluent  pustules,  but  in  almost  all  cases  these 
are  compound  pustules,  composed  of  several  small  narrow  ones  in 
which  spore  production  has  been  so  abundant  that  the  margins  of 
the  individual  pustules  can  not  be  determined  without  microscopic 
examination. 

Some  of  the  other  varieties  are  intermediate  in  structure.  Thus 
the  peduncle  of  Ceres  has  about  equal  proportions  of  single  and 
double  collenchyma  strands.  Ceres  does  not  have  the  broad,  con- 
fluent strands  often  found  in  Marquis  and  it  has  fewer  of  the  double 
strands  than  Marquis,  but  it  has  many  more  double  strands  than  are 
ever  found  in  Kota.  Marquillo  also  has  a  large  number  of  double 
collenchyma  strands  in  the  peduncle,  but  has  far  fewer  than  its 
Marquis  parent.  The  variety  Progress  (C.  I.  6902)  also  is  in  the 
intermediate  class  and  has  about  equal  numbers  of  narrow  single 
strands  and  double  strands. 

Single  collenchyma  areas  of  six  different  varieties  are  shown  in 
Figure  4.  All  the  tracings  were  made  with  the  camera  lucida  and 
were  drawn  to  the  same  scale  in  order  that  a  representative  strand 
of  one  variety  might  be  compared  with  that  of  another.  The  collen- 
chyma area  of  Quality  is  more  than  four  times  as  broad  as  that 
of  Kota  and  about  seven  times  as  broad  as  that  of  einkorn.  It  is 
small  wonder  that  narrow  linear  pustules  are  formed  on  some  varie- 
ties while  broad  ones  appear  on  others. 

*  C.  I.  indicates  accession  number  of  the  Division  of  Cereal  Crops  and  Diseases,  formerly 
Office  of  Cereal  Investigations. 
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The  collenchyma  strands  in  the  peduncles  of  the  common  wheats 
usually  are  simple  and  quite  regular  in  shape.  They  are  sometimes 
rather  shallow  and  have  moderately  straight  radial  borders,  as 
though  they  were  set  in  relatively  smooth-faced,  even  grooves  in  the 
sclerenchyma  sheath.  (Fig.  5.)  They  are  covered  by  the  epider- 
mis, which,  in  the  case  of  broad  confluent  collenchyma  strands,  bears 
a  considerable  amount  of  the  pressure  exerted  by  the  developing  rust 
mycelium. 

Most  of  the  collenchyma  areas  of  the  durums  are  very  irregular  in 
shape,  for  they  are  made  up  of  from  two  to  seven  individual  strands, 
partly  coalesced,  that  never  have  been  completely  separated  by  scler- 
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Figure  4. — Camera-lucida  tracings  of  collenchyma  areas  in 
cross  section,  showing  the  relative  sizes  of  stranaj  which 
are  typical  of  five  varieties  of  wheat  and  of  einkorn. 
X    115 

enchyma.  The  whole  mass  forms  a  broad,  continuous  strand  that  is 
easily  penetrated  by  the  fungus  hyphae,  but  its  individual  parts  are 
more  or  less  distinct.  Groups  of  sclerenchyma  cells  lie  just  beneath 
the  epidermis  and  between  the  component  parts  of  the  collenchyma 
mass.  These  groups  of  sclerenchyma  cells  may  act  as  mechanical 
reenforcements  to  the  epidermal  membrane  over  the  collenchyma,  and 
the  epidermis  is  therefore  more  resistant  to  rupture  by  the  growth 
pressure  of  the  developing  pustule. 

The  individual  collenchyma  strands  of  the  durum  wheats  are  deeper 
and  more  irregular  in  shape  than  those  of  the  common  wheats.  The 
collenchyma  seems  to  be  more  firmly  embedded  in  the  sclerenchyma 
sheath  (fig.  5)  ;  that  is,  the  sclerenchyma  surrounds  more  of  the 
collenchyma  than  in  the  common  wheats,  and  the  epidermis  borders  a 
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smaller  proportion  of  the  strand.  At  the  periphery  of  the  culm  the 
collenchyma  strand  is  narrower  than  it  is  a  short  distance  below 
the  surface.  It  is  as  though  the  collenchyma  tissue  occupied  an 
undercut  groove  in  the  sheath  of  sclerenchyma.  In  such  cases  a 
large  part  of  the  area  upon  w^hich  the  infecting  rust  fungus  exerts 
pressure  would  be  protected  by  the  unyielding  sclerenchyma  and 
comparatively  less  covered  only  by  the  more  elastic  epidermis. 

In  the  peduncles  of  Khapli  and  Sonem  emmers  the  collenchyma 
is  in  narrow,  isolated  strands  or  sometimes  in  double  strands  that 
resemble  the  fused  strands  of  the  durums,  with  a  group  of  scleren- 
chyma cells  beneath  the  epidermis  and  between  the  individual  parts. 
The  culms  of  these  two  varieties  usually  are  more  slender  than  those 
of  the  common  or  durum  wheats  and  there  is  a  smaller  number  of 
collenchyma  strands  in  each  peduncle.  Not  only  are  the  relative 
amounts  of  collenchyma  less  in  these  tw^o  emmers  than  in  the  common 
wheats  but  the  size  of  the  individual  strands  is  actually  smaller. 
The  structure  of  the  peduncle  of  Vernal  emmer  is  more  like  that  of 

Marquii  Hcme 
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FiGDHE  5. — Camera-lucida  tracings  of  collenchyma  areas  in 
cross  section,  showing  the  straight  regular  margins  that 
characterize  collenchyma  strands  of  common  wheats 
(Marquis)  and  the  irregular  margins  of  the  strands  of 
durum  wheats  (Acme),  which  seem  to  be  set  in  deep, 
undercut  grooves  in  the  sclerenchyma  sheath,      x    75 

the  common  wheats  than  is  that  of  either  Khapli  or  Sonem.  The 
culm  of  Vernal  has  a  greater  diameter  and  has  a  larger  number  of 
collenchyma  strands,  some  of  which  are  single  and  a  few  double; 
hence  the  development  of  the  fungus  is  less  restricted  in  Vernal 
than  in  the  other  two  emmers.  Khapli  and  Sonem  have  protoplas- 
mic resistance  to  most  of  the  rust  forms,  but,  w^hen  they  are  inocu- 
lated with  virulent  forms,  normal  pustules  develop  in  the  restricted 
colknchyma  tissues.  Such  pustules  are  always  small  and  narrow, 
especially  if  two  distinct  pustules  are  formed  in  a  double  strand  that 
has  a  particularly  large  or  strong  group  of  sclerenchyma  cells  be- 
tween its  component  parts. 

The  shape  of  the  individual  collenchyma  strands  in  Khapli  and 
Sonem  is  very  similar  to  that  in  the  durums.  The  undercut  edges 
and  irregular  borders  are  so  arranged  that  the  epidermis  covers 
only  a  small  surface  of  the  strand,  which  seems  to  be  almost  com- 
pletely buried  in  the  sclerenchyma. 

The  peduncle  of  einkorn  (C.  I.  2433)  is  extremely  slender;  con- 
sequently the  collenchyma  strands  are  fewer  and  smaller  than  those 
in  any  other  wheats.  (Figs.  3  and  4.)  Some  of  the  strands  are 
single  and  isolated  and  some  are  fused.  Even  when  three  or  four 
collenchyma  strands  have  coalesced,  the  groups  of  sclerenchyma 
cells  beneath  the  epidermis  are  so  large  that  a  very  small  part  of 
the  strand  actually  borders  on  the  epidermis.  A  virulent  rust  form 
could  produce  only  narrow  linear  pustules,  and  in  many  strands 
pustules  would  never  be  formed, 
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According  to  these  studies,  the  rust  pustules  on  the  peduncle  are 
sharplj^  limited  by  the  size  and  shape  of  the  coUenchyma  strands. 
In  addition,  the  appearance  of  the  pustules  depends  on  the  position 
of  the  collenchyma  in  its  sclerenchyma  sheath. 

DISPOSITION    OF    COLLENCHYMA    WITHIN    THE    SCLKRENCHYMA    SHEATH 

In  all  varieties  there  are  found  occasional  collenchyma  strands 
that  are  entirely  embedded  in  the  sclerenchyma  sheath,  with  no 
part  of  the  strands  bordering  on  the  epidermis.  These  buried  strands 
are  characteristic  of  no  particular  variety  but  may  occur  in  almost 
any  of  them.  They  have  been  found  in  Marquis,  Kota,  Ruby,  Little 
Club,  Hope,  Progress,  Webster,  Ceres,  Acme,  Mindum,  Pentad, 
lumillo,  Kanred,  Khapli,  Sonem,  and  in  einkorn.  In  nature  it  is, 
of  course,  impossible  for  Puccvma  grcmdnis  to  infect  the  buried 


Sonem 


Figure  6. — Diagrams  showing  the  contour  of  the  surface  of 
the  peduncle  in  the  smooth-stemmed  common  wheat,  Mar- 
quis, and  the  furrowed  emmer,  Sonem.      X    115 

collenchyma  unless  the  strand  abuts  on  the  epidermis  at  some  point 
along  the  peduncle. 

The  peduncles  of  most  of  the  common  wheats  are  almost  circular 
and  relatively  smooth  in  outline  when  viewed  in  cross  section.  Those 
of  the  durums  and  emmers,  however,  are  rather  deeply  furrowed 
and  present  a  wavy  outline  in  cross  section.  The  collenchyma  strands 
in  the  common  wheats  usually  are  almost  flush  with  the  intervening 
sclerenchyma  bands,  while  those  of  the  durums  and  emmers  are 
flanked  by  prominent  ridges  of  the  sclerenchyma  sheath.     (Fig.  6.) 

The  peduncles  of  Sonem  and  Khapli  emmers  probably  are  more 
distinctly  furrowed  than  those  of  any  other  wheat.  Hursh  {23) 
noted  the  unevenness  of  the  surface  of  Sonem  emmer,  caused  by  the 
bulging  of  the  sclerenchyma  bands.  In  Figure  6,  a  diagrammatic 
presentation  of  a  camera -lucida  tracing,  it  is  seen  that  a  rust  pustule 
would  be  approximately  hemispheric  as  soon  as  it  succeeded  in 
breaking  the  epidermis  of  Marquis.  In  the  case  of  Sonem,  however, 
when  the  epidermis  is  broken  the  spore  mass  still  is  in  the  bottom  of 
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a  furrow  and  can  spread  across  an  area  of  much  less  than  180°, 
unless  pushed  out  beyond  the  projecting  sclerenchyma  ridges. 

If  a  virulent  rust  form  infects  a  highly  susceptible  common  wheat, 
it  is  a  relatively  easy  matter  for  the  fungus  to  force  back  the  torn 
epidermis  until  the  latter  is  broken  off  entirely  or  lies  flattened 
against  the  outside  of  the  bordering  sclerenchyma  band.  (Fig.  7,  A.) 
If  many  spores  are  formed,  the  pustule  will  spread  out  like  a  fan  and 
cover  the  infected  collenchyma  strand  and  the  neighboring  scleren- 
chyma bands  on  both  sides.    (Figs.  7,  A,  and  8.) 


Figure  7. — Diagrams  of  pustules  on  a  smooth-stem  variety 
of  wheat  and  on.  the  furrowed  stem  of  a  spelt.  In  A 
the  spore  bed  is  flush  with  the  periphery  of  the  peduncle ; 
in  B  the  spore  bed  is  at  the  bottom  of  the  furrow.     X  150 

In  the  cereals  with  furrowed  peduncles,  the  durums,  emmers,  spelts, 
and  einkorn,  the  formation  of  such  fan-shaped  pustules  is  more  dif- 
ficult. The  pustule  usually  lies  at  the  bottom  of  a  furrow  and  the 
spore  mass  must  be  pushed  out  a  considerable  distance  before  it  can 
spread  laterally  over  the  sclerenchyma  ridges.  Unless  the  epidermis 
is  torn  oif  entirely  and  unless  spore  production  is  very  great,  the 
pustule  is  confined  to  its  furrow  between  the  sclerenchyma  ridsres. 
(Fig.  7.  B.) 

67002°— 31 2 


18        TECHITIGAL  BULLETIN   2  6  6,  U.  S.  DEPT.   OF  AGRICULTURE 

The  peduncles  are  not  smooth  in  all  varieties  of  common  wheat. 
Some  show  a  tendency  toward  a  decided  furrowing,  but  the  furrows 
are  not  so  deep  as  those  of  the  durums  or  the  emmers.  Rather  are 
they  intermediate  between  those  of  the  durums  and  those  of  most  of 
the  common  wheats.  Some  of  the  varieties  examined  have  been 
roughly  grouped  into  three  classes,  namely,  smooth,  intermediate,  and 
furrowed.  (Table  2.)  Those  of  the  first  class  usually  are  considered 
as  rust  susceptible  in  the  field  and  give  no  indication  of  a  morphologi- 
cal resistance.  Those  of  the  second  class  often  have  a  definite 
morphological  resistance  due  to  the  size  and  shape  of  the  collenchyma 


Figure  8. — Photomicrograph  of  a  cross  section  of  the  rusted  peduncle  of  Agropyron 
repens,  showing  the  large  fan-shaped  pustules  and  the  abundance  of  spores  pro- 
duced on  the  smooth  stems  of  a  highly  susceptible  host.  In  surface  view  the 
pustules  appear  as  a  continuous  mass  of  spores,  in  spite  of  the  fact  that  the 
infected  collenchyma  strands  are  separated  by  moderately  broad  bands  of 
sclerenchyma.      X    50 

strands.  The  structural  resistance  of  these  varieties  is  enhanced 
slightly  by  the  furrowing  of  the  stem.  In  the  third  class,  the  emmers 
have  a  morphological  resistance  based  on  the  size  and  shape  of  col- 
lenchyma strands,  this  resistance  being  further  increased  by  the  sink- 
ing of  the  collenchyma  between  prominent  sclerenchyma  ridges.  The 
durums  and  spelts,  however,  have  no  morphological  resistance  due  to 
size  of  collenchyma  strands,  but  they  probably  have  a  certain  amount 
of  morphological  resistance  if  stem  furrowing  is  taken  as  the  cri- 
terion. The  position  of  the  collenchyma  in  the  furrows  and  the  reen- 
forcement  of  the  epidermis  by  sclerenchyma  are  the  important  causes 
of  any  structural  resistance  to  stem  rust  which  the  durums  may 
possess. 
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Table  2. — Groups,  da^ed  on.  the  contour  of  the  peduncle  in  cross  section,  of 
several  wheat  varieties  and  hybrids  grown  in  the  field  at  University  Farm, 
St.  Paul,  Minn.,  each  season  from  1924  to  1928,  inclusive 


Smooth  ctilms 

C.I. 
No. 

Intermediate  culms 

C.I. 
No. 

Deeply  furrowed  culms 

C.I. 
No. 

Triticum  compactum: 
Little  Club 

4066 

6607 
3663 
4734 
4980 
8182 
2874 
8181 
8196 
3641 
8020 
6047 
6887 

Triticum  vulgare: 
Kota 

5878 
8178 
3780 
6902 
6247 
6900 
6155 

Triticum  durum: 

Acme 

Black  Persian 

Akrona 

5284 

Hope     -.  .      - 

2442 

Quality 

Webster 

6881 

Dicklow           

Progress 

lumillo 

Kanred  .  .    ...  ._ 

Kubanka 

1736 

Federation 

Sevier 

Ceres 

5146 

Hard  Federation 

2094 

Mindum 

5296 

Ha\Ties  Bluestem 

Hybrids: 

Marquis    X     Kota 
11-19-163 

Nodak 

6519 

Garnet       

Pentad 

3322 

Axminster 

Velvet  Don 

1445 

Marquis 

Kota  X  Ruby  1-20- 
40                      

Triticum  dicoccum: 
Khapli—       

Parker's  Marquis... 
Ruby      

4013 

Kota  X  Kanred  II- 
20-43  .          

Sonem.    ..  ..  _    .. 

4402 

Vernal  ..  .-.  ..  ... 

3686 

Hybrids: 

Kota  X  Ruby  1-20- 

Kota  X  Kanred  II- 
20^4 

Triticum  monococcum: 
Einkom.. 

2433 

39 

Kanred  X  Marquis 
11-17-40 

Hybrids: 

Marquis  X  Emmer 
1-25-2 

Kota  X  Ruby  II- 

20-32 

Marquis  X  Kota  II- 
1(^162 

Khapli  X  Mindum 
(6  selections) 

THE   LEAF 


THE    LEAF    BLADE 


The  mature  leaf  blade  of  wheat  has  been  fully  described  by 
Percival  {31^  p.  S3-S1),  and  a  very  good  general  description  of  a 
grass  leaf  has  been  given  by  Eames  and  MacDaniels  (14,  p.  275- 
277).  The  linear,  parallel-veined  leaf  blade  is  composed  of  chloro- 
phyllous  parenchyma,  vascular  bundles,  and  lignified  sclerenchyma, 
and  is  covered  by  a  rather  elaborate  epidermis.  The  epidermis  has 
been  carefully  described  by  Percival,  so  its  structure  will  not  be 
reviewed  here. 

The  leaves  of  most  wheat  varieties  have  a  large  vascular  bundle 
associated  with  the  prominent  midrib  of  the  blade.  The  other 
vascular  bundles  are  parallel  with  the  median  one,  and  large 
bundles  usually  alternate  with  smaller  ones.  A  certain  amount 
of  sclerenchyma  usually  is  associated  with  each  bundle.  The  smaller 
bundles  have  no  enveloping  sheath  of  sclerenchyma,  but  there  are 
small  groups  of  sclerenchyma  cells  just  beneath  the  epidermis  and 
opposite  the  bundles.  There  are  girders  of  sclerenchyma  sur- 
rounding the  larger  bundles  and  extending  to  the  lower  and  upper 
epidermal  layers. 

The  chlorophyllous  parenchyma  lies  between  the  vascular  bundles 
and  their  sclerenchyma  girders.  These  mesophyll  cells  are  thin 
walled  and  irregular  in  shape,  and  so  loosely  arranged  that  there  are 
numerous  intercellular  spaces.  Usually  there  is  no  definite  palisade 
layer,  although  the  cells  just  beneath  the  lower  epidermis  sometimes 
are  more  or  less  isodiametric  and  compactly  arranged. 

Each  mesophyll  area  is  definitely  separated  from  the  neighboring 
mesophyll  area  bv  the  large  vascular  bundles  with  their  girders  of 
sclerenchyma,    (I'ig,  9. )    The  rust  fungus  infects  the  mesophyll  tissue 


20        TECHNICAL  BULLETIN    2  6  6,   U.   S.   DEPT.   OF  AGRICULTURE 

but  can  not  spread  beyond  the  limits  set  by  tiie  sclerenchymatous 
girders.  Thus  the  potential  size  of  the  rust  pustule  is  determined 
by  the  structure  of  the  leaf  or  by  the  sclerenchyma  girders  in  the 
leaf.  Although  rather  broad  pustules  are  possible  on  the  leaves  of 
most  wheat  varieties,  it  is  true  that  some  leaves  permit  the  forma- 
tion of  broader  pustules  than  others.  Figure  9  shows  the  mesophyll 
areas  in  comparable  leaves  of  Marquis  and  Webster.  In  the  leaf  of 
Marquis  the  rust-susceptible  mesophyll  area  is  about  one  and  one-half 
times  as  broad  as  that  in  the  leaf  of  Webster. 

The  mesophyll  areas  in  the  leaves  of  spelt  are  even  narrower  than 
those  in  the  leaves  of  Webster,  because  almost  all  of  the  vascular 
bundles  in  spelt  are  accompanied  by  sclerenchymatous  girders  which, 
although  very  narrow,  extend  to  the  epidermis  and  constitute  effec- 
tive barriers  to  the  radial  growth  of  the  rust  hyphae. 


Figure  9. — Cross  sections  of  mature  leaf  blades  of  Marquis  and  Webster  wheats, 
showing  the  possible  size  of  rust  pustules  as  determined  by  the  vascular  bundles 
and  their  girders  of  sclerenchyma  which  separate  the  chlorophyllous  areas  of  the 
leaf.      X    60 

Therefore,  it  is  seen  that  morphological  limitations  are  set  for  the 
rust  in  the  leaves  of  cereal  plants  as  well  as  in  the  peduncle.  The 
practical  importance  of  the  leaf -blade  structure,  however,  is  not  so 
great  as  that  of  the  peduncle  for  several  reasons :  (1)  The  leaf  blade 
is  not  so  often  infected  as  the  peduncle  or  the  leaf  sheath,  (2)  rust 
infection  on  the  leaf  blade  usually  is  not  so  destructive  as  infection 
on  the  peduncle,  and  (3)  the  mesophyll  areas  in  the  leaves  of  all 
varieties  are  so  broad  that  there  is  ample  space  for  large  pustules 
even  though  the  rust-susceptible  tissue  may  be  more  extensive  in 
some  varieties  than  in  others.  The  leaf  blades  of  spelt  probably  have 
more  numerous  and  more  closely  placed  sclerenchyma  girders  than 
the  leaf  blades  of  any  of  the  wheats,  but  even  in  spelt  fairly  large 
pustules  can  be  formed,  and  the  white  awnless  spelt  grown  in  the 
rust  nursery  at  University  Farm,  St.  Paul,  has  been  very  severely 
rusted.  The  structural  limitations  to  rust  development  in  the  leaf 
blade  are  not  very  effective  if  the  leaf  is  infected  with  virulent  rust 


STEM-KUST   RESISTANCE   IN    CEREALS 


21 


forms,  but  they  make  necessary  a  larger  number  of  infections  in 
leaves  of  certain  varieties  if  the  rusted  area  is  to  be  as  extensive  as  it 
is  in  varieties  with  less  decided  structural  limitations. 

THE   LEiAF    SHEUl'H 

Stem  rust  usually  appears  on  the  leaf  sheath  before  it  is  found  on 
any  other  part  of  the  plant.  Sometimes  the  pustules  are  numerous 
just  above  the  swollen  base  of  the  leaf  sheath  before  any  other  part 
of  the  plant  is  infected.  In  taking  field  notes  on  stem  rust  under 
conditions  of  natural  inoculation,  the  estimates  of  infection  often  are 
based  largely  on  the  rust  on  the  lower  part  of  the  leaf  sheath. 

In  different  parts  of  the  leaf  sheath  there  is  variation  in  structure. 
A  cross  section  of  a  culm  near  the  leaf  blade  is  illustrated  in  Figure 


Figure  10. — Cross  section  of  the  leaf  sheath  of  wheat,  cut  a  short  distance  below  the 
leaf  blade.  The  rust  mycelium  develops  in  the  chlorophyllous  tissue  and  the 
lysigenous  space  between  the  vascular  bundles  and  their  sheaths  of  sclerenchyma. 
Pustules  may  be  formed  on  the  outer  surface  of  the  leaf  sheath  or  on  its  inner 
surface  between  the  sheath  and  the  inclosed  stem.      X    70 

10.  The  leaf  sheath  encircling  the  stem  is  rather  thin,  and  its  mar- 
gins taper  to  delicate  parenchymatous  membranes.  The  epidermis 
of  the  outer  surface  is  partially  lignified  and  all  of  its  cells  have 
thickened  walls,  but  the  epidermis  on  the  inner  surface  is  composed 
of  thin-walled  parenchyma.  The  vascular  bundles  of  the  sheath  are 
continuous  with  those  of  the  blade,  and  each  one  is  accompanied  by 
a  sheathing  strand  of  sclerenchyma  extending  from  the  bundle  to  the 
outer  epidermis.  The  chlorophyllous  tissue,  between  the  strands  of 
sclerenchyma  and  just  below  the  outer  epidermis,  usually  js  not  more 
than  three  or  four  cells  deep.  The  inner  part  of  the  sheath  is  made 
up  of  colorless  parenchyma,  and  in  the  mature  sheath  of  almost 
every  variety  there  are  large  lysigenous  cavities  in  the  parenchyma, 
beneath  the  chlorophyllous  cells  and  between  the  vascular  bundles. 
The  rust  enters  through  the  stomata  in  the  outer  epidermis  and  the 
mycelium  ramifies  the  chlorophyllous  tissues.  In  cases  of  severe  in- 
fection great  masses  of  hyphae  fill  the  lysigenous  cavities  and  force 
the  parenchyma  cells  apart.  The  spores  are  formed  just  beneath  the 
outer  epidermis  in  most  cases,  but  occasionally  spores  appear  in  the 
inner  parenchyma  region  and  rupture  the  inner  epidermis.     (Fig. 
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Figure  11. — A,  Photomicrograph  of  the  rusted  leaf  sheath  of  Ceres  wheat, 
showing,  how  the  size  of  pustule  is  limited  by  the  structure  of  the  leaf 
sheath ;  section  cut  close  to  the  leaf  blade.  B,  Photomicrograph  of  a 
rusted  leaf  sheath  cut  about  1  inch  above  the  leaf  base.      X  50 
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10.)  Most  of  the  pustules  are  formed  on  the  outside  of  the  leaf 
sheath,  however,  and  the  size  is  limited  by  the  sclerenchyma  strands 
and  vascular  bundles,  just  as  the  size  of  pustules  is  limited  in  the 
peduncles.     (Fig.  11,  A.) 

About  an  inch  above  the  node  the  entire  sheath  is  thicker  than  it 
is  near  the  leaf  blade,  the  vascular  bundles  are  farther  from  the 
outer  epidermis,  and  there  is  more  sclerenchyma  between  the  vascu- 
lar bundles  and  the  epidermis.  (Fig.  11,  B.)  Lysigenous  cavities 
seldom  occur  in  this  part  of  the  sheath ;  therefore,  the  size  of  the  rust 
pustules  is  still  limited  by  the  sclerenchyma  strands. 


Figure  12. — Diagram  of  a  cross  section  of  a  leaf  sheath  cut  about  one-eighth  inch 
above  the  leaf  base.      X    100 

Immediately  above  the  swollen  leaf  base  surrounding  the  node, 
the  vascular  bundles  are  more  deeply  embedded  in  the  leaf  sheath, 
and  the  sclerenchyma  strands  form  semielliptical  sheaths  around 
the  vascular  bundles  but  seldom  extend  to  the  outer  epidermis. 
The  expansion  of  the  rust  mycelium  is  no  longer  stopped  by  a 
sclerenchyma  girder,  but  may  spread  in  the  leaf  sheath  outside  the 
embedded  sclerenchyma  sheath  (fig.  12) ;  consequently,  the  pustules 
may  be  larger  in  this  part  of  the  sheath  than  they  are  in  other  parts. 

The  structure  of  the  swollen  leaf  base  is  still  different  from  that 
of  the  rest  of  the  leaf  sheath.  (Fig.  13.)  This  part  of  the  culm  is 
so  tough  and  hard  that  sectioning  is  difficult.  The  vascular 
bundles  are  very  deeply  embedded  and  are  nearer  the  inner  epi- 
dermis than  the  outer  one,    Their  semielliptical  sheaths  of  scleren- 
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chyma  are  also  entirely  embedded  in  the  ground  tissue  of  the  leaf 
base,  which  consists  of  compact,  appressed  cells  with  thickened  cel- 
lulose walls.  The  epidermis  is  composed  of  thick-walled  cells  that 
sometimes  take  a  lignin  stain.  Epidermal  hairs  often  are  present, 
but  there  are  no  stomata  on  the  swollen  leaf  base.  Thus  it  is  im- 
possible for  germ  tubes  of  rust  to  enter  the  leaf  base  directly.  The 
only  opportunity  for  infection  would  be  by  means  of  the  rust  my- 
celium that  developed  in  the  susceptible  tissue  above  or  below  the 
leaf  base.  This  part  of  the  culm  generally  is  free  from  rust,  for 
even  in  cases  of  very  severe  infection  when  the  culm  appears  to  be 
a  solid  mass  of  red-brown  or  black  spores,  the  pustules  stop 
abruptly  above  and  below  the  leaf  base.  In  only  two  cases  have 
pustules  been  noticed  on  the  leaf  base,  once  on  quack  grass  and  once 
on  Ceres  wheat  that  had  been  heavily  inoculated  with  a  virulent 
from  of  rust.     The  infected  Ceres  was  sectioned  and  studied.     Evi- 


to 


Figure  13. — Cross  section  of  the  swollen  leaf  base,  showing  the  thick-walled  ground 
tissue  in  which  is  embedded  the  vascular  bundle  with  its  semielliptical  sheath  of 
sclerenchyma.      X    100 

dently  the  rust  had  entered  the  leaf  sheath  above  its  swollen  base 
and  the  hyphae  had  grown  in  all  directions.  The  mycelium  was 
found  throughout  the  nonlignified  tissues,  although  its  progress  in 
the  leaf  base  must  have  been  hindered  by  the  thick  cell  walls  of  the 
ground  tissue.  Spores  had  been  formed  beneath  the  outer  epi- 
dermis, and  several  pustules  appeared  on  the  leaf  base.  Spores  also 
had  formed  within  the  tissues;  thus  there  were  numerous  internal 
pustules  with  spores  deeply  embedded  in  the  host  tissues. 
(Fig.  14.) 

The  leaf  blade  and  sheath,  compared  with  the  peduncle,  contain 
relatively  large  areas  of  rust-susceptible  tissues.  In  all  the  wheat 
varieties  studied,  the  areas  of  susceptible  tissues  were  extensive 
enough  to  permit  the  formation  of  moderately  large  pustules.  Nev- 
ertheless, there  are  definite  structural  limitations  to  the  spread  of 
rust  in  the  blades  and  sheaths,  and  the  possible  size  of  a  rust  pustule 
is  greater  in  some  varieties  than  in  others.  In  all  varieties  the 
swollen  leaf  base  has  a  definite  morphological  resistance  to  rust.  The 
slight  morphological  restrictions  in  the  other  parts  of  the  leaf  prob- 
ably are  never  so  effective  a  means  of  limiting  rust  development  as 
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is  the  structure  of  the  peduncle.     They  are  present,  however,  and 
may  have  some  effect  in  cases  of  severe  infection. 

A  structural   peculiarity  that  may  be   more   important  in   rust 
resistance  than  the  extent  of  rust-susceptible  tissue  is  to  be  found 


Figure  14. — A,  Diagram  of  a  cross  section  of  the  rusted  leaf  base  of  Ceres  wheat. 
X  25.  B,  Camera-lucida  tracing  of  part  of  the  infected  leaf-base  tissue  with 
several  internal  pustules.      X    250 

in  the  leaf  sheath  of  einkorn.  In  einkorn  the  outer  epidermis  is 
often  reinforced  by  a  group  of  sclerenchyma  cells  placed  between 
the  epidermis  and  the  chlorophyllous  tissue.  Such  a  reenforcing 
strand  has  not  been  noticed  in  any  other  cereal  or  grass  yet  examined. 
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It  undoubtedly  would  be  a  factor  in  morphological  resistance  in 
the  leaf  sheath,  probably  by  increasing  the  resistance  to  rupture  of 
the  epidermis.     This  question  will  be  discussed  later. 


THE  RACHIS 


Very  often  the  heads  of  wheat,  like  the  peduncles  and  sheaths,  are 
rusted.  The  lower  part  of  the  rachis  frequently  is  rusted  on  the 
convex  side  of  the  individual  joints,  but  the  flattened  side  of  a 
joint  never  is  rusted.     At  first  one  might  think  that  this  flattened  side 


Kota 


Figure  15. — Cross  sections  of  the  rachises  of  three  varie- 
ties of  wheat  and  of  Agropyron  repens,  showing  the  va- 
riation in  size  of  rachis  and  in  the  distribution  of  the 
coUenchyma.      X    25 

escaped  infection  because  it  was  pressed  against  the  inflorescence,  but, 
on  examining  the  structure  of  the  rachis,  no  rust-susceptible  tissue  is 
found  in  that  part.  (Fig.  15,)  The  convex  side  of  a  rachis  joint  is 
structurally  similar  to  that  of  the  peduncle.  Strands  of  chlorophyllous 
collenchyma  are  set  in  the  sclerenchyma  sheath  and  border  on  the 
epidermis.  The  vascular  bundles  form  a  broken  cylinder  within  the 
sclerenchyma  sheath  and  the  inner  part  is  made  up  of  parenchyma. 
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The  flattened  side  has  no  collenchyma,  but  just  beneath  the  epider- 
mis lies  a  wide  and  fairly  deep  band  of  sclerenchyma.  Although 
the  rachillar  structures  have  not  been  compared  in  many  different 
varieties,  in  the  sections  examined  there  have  been  indications  of 
structural  differences  in  the  rachis  as  well  as  in  the  peduncle  and  the 
leaf  of  different  varieties.  The  collenchyma  areas  in  the  rachis,  as  well 
as  in  the  peduncle,  are  more  extensive  in  the  upper  region  of  each 
rachis  joint  than  in  the  middle  and  lower  sections^  of  a  joint,  so^  that 
it  is  necessary  that  corresponding  parts  be  studied  when  varieties 
are  being  compared. 

The  rachis  of  Little  Club  (fig.  15)  contains  extensive  collenchyma 
areas,  its  structure  approaching  that  of  the  peduncle  at  a  point  very 
close  to  the  head.  One  broad,  confluent  collenchyma  area  extends 
about  three-quarters  of  the  distance  around  the  convex  side  of  the 
rachis.  In  Marquillo  the  rachis  is  smaller  and  more  slender  than 
in  Little  Club.  In  Figure  15  the  collenchyma  of  the  Marquillo 
rachis  is  divided  into  three  broad  areas,  the  largest  of  which  occu- 
pies about  half  of  the  convex  side  of  the  rachis  joint.  The  other  two 
areas  are  smaller,  but  are  nevertheless  quite  broad.  Infection  evi- 
dently occurred  at  one  side  of  the  large  collenchyma  area,  the  myce- 
lium has  spread  across  two-thirds  of  the  area,  and  spores  are  being 
l^roduced  in  the  earliest-infected  part  of  the  collenchyma. 

In  the  rachis  of  Kota  the  collenchyma  is  broken  up  into  many 
relatively  narrow  strands.  Thus,  in  the  joint  sectioned  (fig.  15) 
there  are  10  distinct  collenchyma  areas  on  the  convex  side  of  the 
rachis,  while  in  the  rachis  of  Marquillo  there  are  but  3.  Each  of  the 
10  strands  must  be  infected  separately,  for  the  rust  can  not  spread 
from  one  to  another.  As  far  as  concerns  the  rachis,  therefore,  Kota 
has  more  structural  protection  against  rust  than  either  Marquillo 
or  Little  Club. 

In  this  connection  it  is  of  interest  to  note  the  extreme  division  of 
the  rust-susceptible  tissue  in  the  rachis  of  Agropyron  repens.  A 
section  is  shown  in  Figure  15  in  which  the  collenchyma  is  divided  into 
20  narrow  strands,  4  of  which  are  infected  with  stem  rust.  It  is 
obvious  that  each  infecting  germ  tube  is  capable  of  doing  far  less 
damage  in  the  rachis  of  quack  grass  than  in  that  of  Little  Club 
wheat. 

THE  GLUME 

The  glumes  also  contain  rust-susceptible  tissues  and  often  are 
rusted  in  the  field.  There  are  longitudinal  strands  of  chlorophyllous 
tissue  between  the  colorless  bands  of  sclerenchyma.  In  cross  section 
at  about  the  middle  of  the  glume  (fig.  16),  the  largest  areas  of  col- 
lenchyma are  on  either  side  of  the  midrib.  Smaller  strands  are 
located  near  the  margins  of  the  glume.  There  is  a  great  deal  of 
sclerenchyma  around  the  midrib  of  the  glume,  but  on  the  inside  and 
near  its  margins  the  cells  have  thick,  nonlignified  walls.  The  thick- 
walled  cells  seem  impervious  to  rust  hyphae,  however,  and  the 
pustules  are  confined  to  the  collenchyma  strands.  Pustules  are  often 
formed  on  the  inner  face  of  the  glume  as  well  as  on  the  outer. 

In  some  varieties,  Khapli  for  example,  there  is  no  prominent  mid- 
rib in  the  lower  third  of  the  glume.  When  the  material  is  sectioned 
near  the  base,  the  chlorophyllous  tissue  is  found  distributed  in  more 
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or  less  regular  strands,  one  approximately  as  extensive  as  the  next 
one,  and  all  of  them  bordering  on  the  outer  epidermis.  (Fig.  17.) 
In  Marquis,  Kota,  and  Ceres,  however,  the  ridge  of  the  midrib  ex- 
tends the  entire  length  of  the  glume  and  the  two  largest  areas  of 
chlorophyllous  tissue  always  lie  on  either  side  of  it.     There  are 


Figure  16. — Diagrams  of  the  glumes  in  cross  section  :  A.  Rusted  glume  of  Kota  cut 
near  tip ;  B,  glume  of  Ceres  grown  in  the  greenhouse  and  cut  at  middle  of  glume ; 
C,  glume  of  Kota  cut  near  middle  ;  D,  glume  of  Marquis  cut  near  middle.      X   40 

smaller  strands  of  the  rust-susceptible  tissue  near  the  other  vascular 
bundles  of  the  glume.  The  entire  width  of  the  large  strand  may 
border  on  the  epidermis,  or  only  part  of  it  may  do  so,  the  rest  of 
the  strand  being  embedded  beneath  the  thick- walled  cells  which  make 
up  most  of  the  ground  tissue  of  the  glume. 
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The  two  larger  chlorophyllous  areas  more  often  are  infected  with 
stem  rust  than  the  smaller  strands,  and  if  infection  be  severe  there 
usually  are  more  spores  on  the  inner  face  of  the  glume  than  on  the 
outer.     (Fig.  16,  A.) 

The  structure  of  the  glumes  has  not  been  studied  in  sufficient  detail 
to  determine  whether  varietal  differences  in  structure  might  influence 
rust  infection.     From  Figure  16  it  is  evident,  however,  that  the 


Figure  17. — Diagrams  of  cross  sections  of  Khapli  emmer 
infected  with  Puccinia  granvinis  tritici  form  41 :  A,  Awn ; 
B,  peduncle  ;  C.  leaf  sheath  ;  D,  glume  near  the  base,  and 
a  small  part  of  the  glume  nearer  the  middle,      x  30 

chlorophyllous  areas  beside  the  midrib  in  Ceres  are  very  small  and 
shallow  when  compared  with  the  corresponding  areas  in  Marquis. 
Ceres  resembles  Kota  more  closely.  The  glumes  of  Kota  often  are 
rusted,  although  they  do  not  have  so  much  rust-susceptible  tissue  as 
the  glumes  of  some  other  varieties. 

The  glume  becomes  quite  narrow  at  its  tip,  just  before  it  tapers  into 
the  beak  or  the  awn.  At  this  level  the  two  large  chlorophyllous 
areas  become  even  larger  and  more  conspicuous  in  relation  to  the 
rest  of  the  tissue,  and  the  small  insignificant,  lateral  collenchyma 
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areas  dwindle  into  minute  patches  of  tissue,  and  finally  disappear 
altogether.  Figure  16  shows  the  structure  of  Kota  near  the  tip  of 
the  glume. 

THE  AWN 

The  awns,  when  present,  are  merely  extensions  of  the  midribs  of 
the  glumes.  The  median  vascular  bundle  runs  through  the  awn,  and 
usually  there  also  are  two  smaller  bundles.  In  cross  section  the  awn 
is  triangular  in  shape  and  there  are  two  collenchyma  strands,  one 
on  each  side  of  the  large  vascular  bundle.  (Fig.  18.)  Sclerenchyma 
surrounds  the  collenchyma  strands  and  the  vascular  bundles,  but  the 
center  of  the  awn  is  filled  with  cells  whose  walls  are  thick  but  not 
lignified.  The  rust  pustules  are  confined  to  the  collenchyma  strands. 
Even  in  the  awns  the  collenchyma  strands  differ  in  different  varieties 
of  wheat.  The  collenchyma  strands  of  lumillo  are  more  nearly  sur- 
rounded by  sclerenchyma  and  less  of  the  strand  borders  on  the  epi- 
dermis than  is  the  case  in  Ceres  or  Kota.  In  the  awns  of  Khapli 
there  also  are  relatively  narrow  collenchyma  strands  that  limit  the 
size  of  the  pustules. 

Each  part  of  the  head  contains  rust-susceptible  tissue,  although 
the  proportion  of  susceptible  to  resistant  tissue  is  less  than  in  the 
peduncle  or  leaves.  The  most  extensive  areas  of  chlorophyllous  tissue 
are  those  which  occur  near  the  top  of  each  rachis  joint,  and  some- 
times large  pustules  are  found  on  this  part  of  the  head.  Stem  rust 
on  the  lower  joints  of  the  rachis  probably  is  fully  as  injurious  as 
that  on  the  upper  part  of  the  peduncle. 

If  the  glumes  are  infected  with  stem  rust,  the  pustules  develop 
near  the  base  of  the  glume,  where  the  chlorophyllous  tissue  is  most 
abundant,  or  along  either  side  of  the  midrib,  where  the  two  largest 
strands  of  susceptible  tissue  are  located.  Pustules  on  the  glume  usu- 
ally are  very  narrow,  for  they  are  greatly  restricted  by  host  structure, 
but  there  is  no  restriction  to  their  longitudinal  development. 

Pustules  on  the  awn  likewise  are  narrowly  linear,  for  only  two 
strands  of  susceptible  tissue  run  the  length  of  the  awn.  If  spores  are 
produced  in  abundance,  the  pustule  may  spread  out  and  cover  an 
entire  side  of  the  long  triangular  awn. 

Thus  nearly  all  parts  of  the  wheat  plant  contain  tissues  that  are 
morphologically  susceptible  to  stem  rust.  Infection  occurs  if  the 
virulent  rust  forms  gain  access  to  those  particular  tissues  which  have 
protoplasmic  as  well  as  morphologic  susceptibility.  Pustules  are 
formed  only  after  the  infecting  fungus  begins  to  produce  spores  and 
develops  enough  pressure  to  rupture  the  epidermis. 

PUSTULE  FORMATION 

Different  stages  in  the  process  of  pustule  formation  are  shown  in 
Figures  19  and  20.  The  drawings  were  made  from  an  infected  leaf 
sheath,  but  the  process  is  the  same  for  pustules  on  all  parts  of  the 
plant.  The  pathogenje  produces  a  considerable  mass  of  mycelium 
throughout  the  susceptible  chlorophyllous  tissue  and  then  begins  to 
form  spores.  Thus  considerable  pressure  is  exerted  within  the 
affected  tissue.  All  surrounding  sclerenchyma  is  rigid  and  unyield- 
ing, but  the  epidermis  is  stretched  and  lifted  by  the  underlying 
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masses  of  spores  and  hyphae.     (Fig.  19.)     Finally,  the  epidermis 
breaks  and  is  forced  back.     (Figs.  19  and  20.) 

The  number  and  size  of  pustules  indicate  the  degree^  of  infection 
of  any  wheat  variety.    In  the  field,  unless  a  rust  form  is  capable  of 


Figure  18. — Diagrams  of  cross  sections  of  the  awns  of  several  wheat  varieties ;  A, 
Kota ;  B,  lumillo  ;  C,  Khapli ;  D,  Ceres ;  E,  H-44 ;  F,  Ceres,  near  tip  of  the  awn  ; 
G,  Ceres,  in  the  transition  area  between  the  glume  and  near  the  base  of  the  awn. 
X  50 

producing  abundant  mycelium  and  spores,  it  can  not  be  determined 
whether  the  rust  may  have  entered  the  plant.  Nevertheless,  there 
are  many  cases  of  abnormal  pustules  and  incomplete  development 
of  the  infecting  rust. 
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Sometimes  the  germ  tubes  enter  the  stomata,  and  the  collenchyma 
becomes  so  severely  infected  that  a  great  mass  of  mycelium  is  pro- 
duced without  forming  spores.  In  this  case  infection  is  discernible 
only  by  means  of  a  microscope.  In  some  cases  the  mycelial  develop- 
ment is  so  great  that  the  epidermis  is  slightly  distended,  and  pro- 
trusions are  easily  felt  if  the  culm  is  drawn  between  the  fingers. 
In  some  seasons  Khapli  emmer,  growing  on  University  Farm,  St. 
Paul,  may  have  many  of  these  obscure  infections.  In  other  varieties 
numerous  normal  pustules  may  appear  on  the  culms  along  with  a 
few  or  many  mycelial  infections  that  are  only  microscopically  evi- 
dent. This  often  has  been  the  case  in  Kota,  Webster,  Marquillo, 
Ceres,  Khapli,  Mindum,  and  Kubanka  (C.  I.  2094). 


Figure  19. — Cross  sections  of  the  leaf  sheath,  showing  different  stages  in  pustule 
formation.  The  epidermis  is  distended  and  finally  ruptured  by  the  mass  of 
mycelium  and  spores  beneath  it.      X    60 

At  other  times  the  infection  begins  normally.  Spores  are  formed 
just  beneath  the  epidermis,  but  the  rust  is  unable  to  exert  sufficient 
pressure  to  rupture  the  epidermis.  In  these  cases  the  infection  is 
apparent,  for  the  dark  spore  masses  can  be  seen  beneath  the  semi- 
transparent  epidermis.  Such  imperfectly  developed  pustules  have 
been  found  in  great  abundance  on  Webster  and  in  fewer  numbers  on 
Kota,  Ceres,  and  Marquillo,  and  on  some  of  the  durums.  It  is  prob- 
able that  the  protoplasmic  resistance  of  a  variety  hinders  the  develop- 
ment of  the  rust  so  much  that  its  growth  pressure  is  insufficient  to 
rupture  the  epidermis.  In  addition,  however,  there  is  a  possibility 
that  such  morphologic  factors  as  size  of  collenchyma  strand  and 
structure  of  the  epidermal  membrane  affect  the  rupturing  of  the 
epidermis  and  influence  the  formation  of  pustules  quite  as  much  as 
the  physiologic  reaction  of  the  wheat  and  the  mass  development  of 
the  fungus. 
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RELATION  OF  SIZE  OF  COLLENCHYMA   STRANDS  TO  FORMATION 

OF  PUSTULES 

It  is  impossible  to  determine  precisely  the  force  required  to 
rupture  the  epidermis,  but  some  general  conclusions  may  be  drawn 
regarding  the  relative  amounts  required  in  different  types  of  coUen- 
chyma  strands.  In  the  early  stages  of  pustule  formation  the  dis- 
tended epidermis  behaves  more  or  less  like  a  spherical  membrane 
and  the  pressure  per  unit  area  is  dependent  on  the  tensile  strength 
of  the  membrane  and  the  radius' of  the  sphere  of  which  it  is  a 

2t 
part.    Thus,  p= —  where  ;?  =  pressure  per  unit  area  of  the  mem- 
brane, ^= tension  per  unit  length  of  the  membrane,  and  r^the  radius 
of  the  sphere  of  which  the  membrane  is  a  part.     In  a  wheat  variety 
containing  several  different  types  of  collenchyma  strands  the  dis- 


FiGURE  20. — Cross  section  of  a  mature  aud  normal  pustul<' 
on  the  leaf  sheath  of  Ceres  wheat.  The  epidermis  is 
broken  and  forced  out.  and  the  mass  of  spores  has  pushed 
out  beyond  the  periphery  of  the  culm.      X    80 

tended  epidermal  membrane  over  a  narrow,  isolated  strand  infected 
with  rust  would  have  a  greater  curvature  than  that  over  a  broad,  con- 
fluent strand.  (Fig.  21.)  The  greater  the  curvature,  the  lower  will 
be  the  value  of  r ;  and,  if  it  is  assumed  that  the  tensile  strength  {t)  of 
the  two  membranes  is  the  same,  the  value  of  ^,  or  the  force  per  unit 
area  required  to  rupture  the  epidermis,  is  greater  in  the  case  of  the 
single  narrow  strand  than  the  broad,  confluent  one.  Likewise,  the 
force  per  unit  area  required  to  rupture  the  epidermis  of  the  pe- 
duncle is  greater  than  that  required  to  rupture  the  epidermis  of  the 
leaf  sheath,  for  the  angle  of  curvature  of  the  membrane  over  the 
infected  leaf  sheath  would  be  less  and  the  value  of  r  would  be  rela- 
tively high. 

Other  factors  being  equal,  it  is  plausible  to  assume  that  the  epi- 
dermis of  the  peduncle  is  more  easily  ruptured  in  Marquis,  Quality, 
and  other  varieties  having  broad  confluent  collenchyma  strands  than 
in  Kota  or  Webster  or  other  varieties  with  narrow,  isolated  strands. 
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The  mycelial  masses  and  the  imperfectly  developed  pustules  were 
found  in  none  of  the  common  wheats  that  have  extensive  areas  of 
coUenchji^ma.  In  the  studies  here  reported  they  were  observed  only 
in  varieties  of  Triticwn.  vwlgare  characterized  by  narrow  collenchyma 
strands.  Similar  infections  have  been  found  on  the  durums  and 
emmers,  but  in  these  cases  the  collenchyma  strands  are  only  partially 
fused  into  broad,  confluent  collenchyma  areas.  The  groups  of 
sclerenchyma  cells  beneath  the  epidermis  and  between  the  component 
parts  of  the  rust-susceptible  area  are  so  arranged  that  only  small 
parts  of  the  area  actually  border  on  the  epidermis.  Usually  a  pustule 
is  confined  to  one  or  two  of  the  individual  parts  of  the  area,  and  it 
is  only  in  cases  of  very  severe  infection  that  the  entire  area  is  con- 
verted into  one  large,  broad  pustule.     The  epidermis  over  one  indi- 


FiGUEE  21, — Diagrams  illustrating  tlie  distention  of  tlie  epi- 
dermis over  broad  and  narrow  collenchyma  strands.  The 
broken  lines  in  the  lower  figures  indicate  the  position  of 
the  epidermal  membranii^  before  the  collenchyma  is  infected 
by  rust,  while  the  solid  lines  indicate  its  position  after  dis- 
tention by  the  fungus  mass.  The  arcs  and  the  correspond- 
ing radii  of  their  circles  show  how  the  value  of  r  varies 
in  the  two  cases.      X    115 

vidual  part  of  the  collenchyma  area  may  act  as  a  spherical  membrane 
distinct  from  the  other  membranes  over  other  parts  of  the  area,  so 
that  pustule  formation  may  be  almost  as  difficult  as  in  a  single  narrow 
strand  of  a  common  wheat. 

If  the  tensile  strength  of  the  membranes  of  all  varieties  w^ere  the 
same,  it  might  be  concluded  that  pustule  formation  alwaj^s  would 
be  more  difficult  in  narrow  collenchyma  strands  than  in  broad  ones. 
It  seems  reasonable  to  assume,  however,  that  there  is  considerable 
variation  in  tensile  strength  of  the  epidermis  in  different  wheat 
varieties,  just  as  there  is  in  size  of  collenchyma  areas  or  any  other 
measurable  character'.  If  it  were  possible  to  determine  tensile 
strength  of  the  epidermal  membrane,  accurate  data  could  be  obtained 
on  the  forces  expended  in  pustule  formation  in  different  varieties. 
At  present,  however,  efforts  are  confined  to  a  study  of  different  fac- 
tors that  may  affect  the  tensile  strength  of  the  membrane.  The  epi- 
dermis varies  in  structure  in  different  parts  of  the  plant,  and  it  is 
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probable  that  slight  structural  differences  in  the  epidermal  mem- 
branes of  certain  varieties  may  have  a  profound  effect  on  the  tensile 
strength  and  the  resistance  to  rupture  of  these  membranes. 

STRUCTURE  OF  THE  EPIDERMIS  AND  ITS  RESISTANCE  TO 

RUPTURE 

Percival  has  fully  described  the  epidermis  of  different  parts  of 
the  wheat  plant  {31,  p.  52,53-56,  92,  93,  107-109).  The  epidermal 
cells  in  seedlings  are  very  similar  to  ordinary  parenchyma  cells.  In 
surface  view  some  of  the  cells  are  long  and  rectangular  and  arranged 
end  to  end  along  the  blade ;  the  roAVs  of  these  are  interrupted  occa- 
sionally by  smaller  cells,  square  in  outline.  All  these  cells  have  thin, 
straight,  cellulose  walls,  thus  constituting  a  delicate,  flexible  epider- 
mis over  the  mesophyll  of  the  seedling  blade.  The  bulliform  cells 
of  the  upper  epidermis  are  shorter  but  deeper  than  the  rest  of  the 
epidermal  cells;  and  their  walls  are  thin  and  elastic,  providing  for 
the  rolling  and  well-known  adjustment  of  the  leaf  blades  of  cereals 
to  unfavorable  humidity.  On  either  side  of  the  rows  of  bulliform 
cells,  stomata  are  arranged  in  one  or  two  parallel  rows.  The  entire 
membrane  is  thin  and  delicate,  and,  if  it  contained  chlorophyll, 
probably  would  be  as  often  infected  and  would  furnish  as  much 
nutriment  for  the  rust  fungus  as  do  the  mesophyll  cells.  In  fact, 
liaustoria  often  are  formed  in  the  epidermal  cells  when  the  mycelium 
is  abundant  in  the  intercellular  spaces  bordering  the  epidermis. 
When  pustules  are  formed  the  spores  are  aggregated  just  beneath 
the  epidermis,  and  small  portions  of  the  membrane  are  distended 
and  broken,  without  any  indication  of  a  definite  resistance  to  rup- 
ture. Sometimes,  when  rust  development  is  exceedingly  rapid  and 
vigorous,  spores  push  out  between  the  epidermal  cells  without  lifting 
any  part  of  the  membrane.  In  such  cases,  since  the  epidermal  cells 
are  too  weakly  cemented  to  act  as  a  restraining  membrane,  they  are 
pried  apart  by  the  young  spores.  Apparently  there  is  only  slight 
and  ineffective  resistance  to  rupture  in  the  epidermis  of  the  seedling. 

The  epidermis  over  the  collenchyma  in  the  peduncle  consists  of 
a  single  layer  of  more  or  less  elongated  cells  with  sinuous,  lignified 
walls.  A  few  small,  isodiametric  cells  occur  at  intervals.  This 
membrane,  interrupted  only  by  the  stomata,  extends  as  a  protective 
covering  over  the  collenchyma  of  the  stem.  The  epidermis  over  the 
sclerenchyma  of  the  peduncle  usually  is  made  up  of  narrower  cells, 
and  it  has  a  tendency  to  merge  with  the  other  small-cell  lignified 
tissue  and  become  part  of  the  sclerenchyma  band  rather  than  to  re- 
main as  a  distinct  covering  layer.  It  is  the  epidermal  membrane 
over  the  collenchyma  strand  that  is  important  in  the  process  of  pus- 
tule formation,  and,  when  compared  with  the  delicate  membrane  of 
the  seedling,  it  seems  to  be  a  hard,  tough  layer  with  its  sinuous, 
heavily  lignified  cell  walls  so  firmly  cemented  together  that  a  great 
deal  of  force  is  required  to  break  it. 

The  epidermis  of  the  leaf  sheath  is  similar  to  that  of  the  peduncle. 
Most  of  the  cells  are  elongated,  and  the  walls  are  sinuous  and  greatly 
thickened.  Not  all  of  the  cells,  however,  have  lignified  walls.  The 
walls  of  the  epidermal  cells  covering  the  chlorophyllous  cells  often 
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are  composed  of  cellulose,  with  no  indications  of  lignification.  The 
degree  of  lignification  of  the  epidermis  of  the  leaf  sheath  and  the  leaf 
blade  varies  greatly,  but  no  reliable  data  have  yet  been  secured  to 
determine  whether  it  is  constant  in  a  given  variety.  Sometimes  lig- 
nification is  complete,  and  all  cells  covering  both  the  chlorophyllous 
and  strengthening  tissues  take  the  lignin  stain.  At  other  times  only 
the  epidermal  cells  over  the  strengthening  sclerenchyma  and  the  three 
or  four  rows  of  epidermal  cells  adjacent  to  them  are  lignified.  The 
walls  of  the  epidermal  cells  over  the  central  part  of  the  chlorophyl- 
lous area  are  thickened  but  not  lignified.  In  other  cases  lignification 
is  closely  restricted  to  those  epidermal  cells  that  border  the  scleren- 
chyma, and  the  entire  strand  of  collenchyma  is  covered  by  epidermis 
made  up  of  cells  with  cellulose  walls.  Whether  the  degree  of  lignifi- 
cation affects  the  resistance  to  rupture  in  the  epidermis  has  not  been 
determined,  but  it  is  reasonable  to  suppose  that  the  quality  of  the 
membrane  may  be  of  very  great  importance.  It  seems  possible  that 
a  membrane  composed  of  cells  with  thickened  cellulose  walls  would 
be  more  pliant  and  have  a  greater  elasticity  than  one  made  up  of 
cells  with  thickened  lignified  walls,  very  effective  as  supporting  tis- 
sue, but  easily  broken  when  subjected  to  stretching  and  distention 
caused  by  the  fungus  mass.  The  quality  of  the  epidermal  mem- 
brane, as  well  as  certain  other  characters,  should  be  studied  in  rela- 
tion to  pustule  formation. 

THICKNESS  OF  THE    EPmERMIS 

The  thickness  of  the  epidermal  membrane  probably  is  almost  as 
important  as  the  quality  in  determining  its  resistance  to  rupture. 
Given  two  membranes  of  the  same  quality  and  the  same  extent,  but 
differing  in  thickness,  it  is  certain  that  the  thicker  membrane  would 
break  less  easily  than  the  thinner  one. 

Measurements  were  made  of  the  epidermal  membranes  of  the 
peduncles  of  several  wheat  varieties,  and  in  a  few  membranes  the 
outer  cell  walls  with  their  layers  of  cuticle  were  measured  separately. 
The  results  are  given  in  Tables  3  and  4.  In  Little  Club,  Ruby,  and 
an  unnamed  variety  (C.  I.  3465),  the  epidermal  membrane  is  rela- 
tively thin.  (Table  3.)  These  three  varieties  have  protoplasmic  sus- 
ceptibility to  several  rust  forms  and  they  usually  rust  copiously  in 
the  field.  The  pustules  on  these  varieties  are  nearly  always  normal 
and  fully  developed,  and  there  is  no  indication  of  subepidermal  spore 
masses.  Apparently  the  epidermis  is  broken  rather  easily.  In  other 
varieties,  for  example.  Marquis,  the  epidermis  is  only  slightly  thicker 
than  that  of  Little  Club.  Marquis  also  has  a  protoplasmic  suscepti- 
bility to  a  large  number  of  rust  forms  and  often  is  heavily  rusted  in 
the  field.  Most  of  the  rust  forms  appear  sufficiently  virulent  and 
powerful  to  break  the  epidermis  without  difficulty.  In  only  a  few 
cases  have  subepidermal  pustules  been  noted  on  Marquis,  and  in  these 
cases  the  few  abnormal  pustules  were  accompanied  by  numerous  fully 
developed  and  normal  ones. 


STEM-EtrST  RESISTANCE   IN   CEREALS 


37 


Table  3. — Measurements  of  the  thickness  of  the  epidermal  memhram^e  over  the 
collenchyma  of  the  peduncle  in  different  wheat  vari-eties  grmcn  in  the  field 
at  Coon  Creek  w  at  St.  Paul,  Minn.,  in  1927 


Variety 

Thick- 
ness of 
epider- 
mis 

Variety 

Thick- 
ness of 
epider- 
mis 

Marquis 

Microns 
31.5 
29.2 
30.6 
29.9 
35.0 
31.1 

Webster - 

Microns 
36.2 

Ruby.                            --. 

Hope ---    -- 

33.6 

Little  Club 

34.5 

No.  3465  1--     

Velvet  Don . 

35.0 

Kota 

Acme -                  - -- 

35.7 

Ceres 

K'hapli      .                              .        _. 

40.0 

1  Selection  from  an  introduction  from  Egypt,  C, 
very  susceptible  to  stem  rust 


I.  7261,  and  grown  at  University  Farm  in  1927.     It  is 


Some  varieties  have  considerably  thicker  epidermal  membranes. 
The  epidermis  of  Khapli  seems  to  be  extremely  thick,  and  that  of 
Webster,  Acme,  Kota,  and  Velvet  Don  also  is  very  thick,  as  compared 
with  the  epidermis  of  other  varieties. 

If  the  epidermis  of  the  peduncle  is  examined  in  detail  it  is  found 
that  the  outer  walls  of  the  epidermal  cells  are  thickened  much  more 
than  the  lateral  and  inner  walls.  The  exterior  cell  wall,  with  its 
accompanying  layer  of  cuticle,  probably  plays  an  important  part  in 
determining  the  rigidity  and  the  strength  of  the  epidermis.  Cobb 
(IS)  studied  the  structure  of  the  epidermis  in  the  leaves  of  several 
wheat  varieties  in  Australia  and  found  that  the  cell  walls  in  the 
rust-resistant  Ward's  Prolific  were  twice  as  thick  as  those  in  the 
rust-susceptible  Zimmerman.  Twelve  varieties  were  examined  by 
Cobb.  With  one  exception,  the  cell  walls  were  thicker  in  the  resist- 
ant wheats  than  in  the  susceptible  ones.  Cobb  was  of  the  opinion 
that  the  structure  of  the  epidermis  was  a  very  important  factor  in 
rust  resistance,  a  thick  tough  epidermis  preventing  the  fungus  from 
ripening  and  disseminating  its  spores. 

In  addition  to  the  measurement  of  epidermal  membranes,  a  few 
measurements  were  made  of  the  outer  cell  walls  and  the  cuticle  layer 
of  the  epidermis.  (Table  4.)  The  peduncles  of  only  a  few  varieties 
were  used,  but,  from  the  measurements  obtained,  it  is  evident  that 
there  are  distinct  varietal  differences  in  this  character  as  well  as  in 
the  thickness  of  the  epidermal  membrane.  The  outer  cell  wall  of 
the  epidermis  of  Webster  is  extremely  thick,  while  that  of  C.  I.  3465 
is  relatively  thin.  The  cell  walls  in  Hope  are  thicker  than  the  walls 
of  Kota  and  Marquillo  in  spite  of  the  fact  that  the  thickness  of  the 
epidermal  membrane  of  Hope  is  less  than  that  of  the  membranes  of 
Kota  and  Marquillo.  In  Quality  and  C.  I.  3465,  two  highly  suscep- 
tible varieties,  the  outer  cell  walls  are  thin  and,  since  the  entire 
epidermis  is  thin,  there  is  less  resistance  to  rupture. 
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Table  4. — Measurements  of  the  thickness  of  the  outer  wall  am,d  cuticle  of  the 
cells  in  the  epiderrm^s  over  the  collenohpma  of  the  peduncle  in  several  wheat 
varieties  and  the  rust  reaction  of  those  varieties  when  grown  in  the  field  at 
Coon  Creek  or  at  Vni/oersity  Farm,  St.  Paul,  Miwn. 


Variety 

Source 

Rust  reaction  i 

Thick- 
ness of 
cell  wall 

Marquillo.- 

Coon  Creek 

30  SR 

Microns 
6  33 

Kota 

do 

30  SR. 

6.87 

Webster 

do- 

60R 

7  66 

Hope 

University  Farm 

Tr-- 

46  S 

7. 17 

Quality 

No.  3465     .      .         .       -_ 

11.1  do.        '                                   ". 

6.62 

100  S 

6  63 

1  Numbers  indicate  percentage  of  infection;  S= susceptible;  R=resistant;  Tr.=trace. 

The  effect  of  thick  epidermal  membranes  on  pustule  formation 
often  is  evident  in  Kota  and  Webster,  two  varieties  which  have  been 
studied  particularly  in  the  field.  These  two  varieties  have  a  mod- 
erate protoplasmic  resistance  to  a  large  number  of  rust  forms. 
Webster  has  been  moderately  resistant  to  all  forms  with  which  it 
has  been  inoculated  (^^),  but  Kota  is  resistant  to  some  and  sus- 
ceptible to  others  (^^).  Kota  and  Webster  also  have  a  morphologic 
resistance  to  stem  rust  because  of  the  distribution  of  rust-susceptible 
tissues  of  the  peduncle  in  narrow  isolated  strands  that  are  sunken 
in  the  furrowed  stems.  Moreover,  their  relatively  thick  epidermal 
membranes  often  prevent  the  development  of  normal  rust  pustules. 
Figure  22,  A,  represents  a  section  through  an  infected  collenchyma 
strand  in  the  peduncle  of  Kota.  The  epidermis  has  just  been  broken, 
and  it  is  evident  that  the  membrane  is  so  thick  and  tough  that  before 
the  epidermis  was  ruptured  the  sclerenchyma  bands  were  cracked 
and  split  by  the  force  exerted  by  the  fungus.  (Fig.  22,  A,  a.)  The 
force  has  been  great  enough  even  to  deform  the  spores  slightly.  The 
spore  walls  assume  the  contours  of  the  epidermis  against  which  they 
have  been  pressing.     (Fig.  22,  A,  &.) 

A  more  extreme  case  illustrating  the  effect  of  thickness  of  epi- 
dermal membrane  is  shown  in  Figure  22,  B.  This  shows  a  cross 
section  through  an  infected  collenchyma  strand  in  the  peduncle  of 
the  variety  Webster.  The  epidermis  apparently  is  so  thick  and  tough 
that  it  does  not  yield  to  the  pressure  of  the  fungus,  and  as  an  increas- 
ing number  of  spores  are  produced  the  more  delicate  collenchyma  is 
crushed  when  the  rigid  epidermis  does  not  yield. 

In  both  these  cases,  and  especially  in  the  infected  Webster,  there 
is  a  possibility  that  protoplasmic  resistance  is  an  important  con- 
tributing factor.  A  rust  form  grows  less  rapidly  and  vigorously  in  a 
moderately  resistant  host  than  in  a  susceptible  one,  and  it  is  reason- 
able to  assume  that  in  the  former  the  fungus  can  not  exert  so  much 
pressure  as  in  the  latter.  Unless  the  fungus  is  very  weakly  parasitic 
it  is  probable  that  a  number  of  small  but  normal  pustules  will  be 
formed.  If,  on  the  other  hand,  the  moderate  protoplasmic  resistance 
of  the  host  is  enhanced  by  a  very  limited  space  for  development  and 
by  a  particularly  thick  and  tough  epidermal  membrane,  it  often 
happens  that  the  pustules  are  formed  with  great  difficulty  or  remain 
buried  in  the  host  tissues.    Subepidermal  pustules  are  very  common 
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in  Webster,  and  occur  in  the  leaf  sheath  as  well  as  in  the  peduncle. 
(Fig.  23.)  Very  often  at  least  60  per  cent  of  the  pustules  on  the 
culm  of  Webster  never  break  the  epidermis.  Spores  may  be  formed 
in  abundance,  but  they  remain  within  the  host. 

A  similar  phenomenon  might  readily  occur  in  Khapli,  although 
it  is  not  so  often  apparent.  Khapli  has  a  protoplasmic  resistance 
to  virtually  all  of  the  rust  forms  occurring  in  the  United  States,  and 


Figure  22. — Diagrams  of  cross  sections  of  rusted  coUen- 
chyma  strands  in  the  peduncles  of  two  varieties  of  wheat. 
A,  Kota.  The  epidermal  membrane  is  thick  and  tough 
and  before  it  is  broken  the  sclerenchyma  bands  are 
cracked  (a).  The  resistance  of  the  membrane  is  so  great 
that  some  of  the  spores  are  slightly  deformed  (b).  B, 
Webster.  The  fungus  is  unable  to  break  the  epidermis 
and  the  collenchyma  is  crushed  by  the  mass  of  uredinio- 
spores.      X    250 

when  stem  rust  gains  entrance  to  the  culm  of  Khapli  it  seldom  pro- 
duces an  abundance  of  spores.  Mycelium  sometimes  is  produced  so 
abundantly  as  to  distend  the  epidermis,  but  no  dark  mass  of  spores 
is  evident  beneath  the  membrane  to  show  that  infection  has  taken 
place.  In  the  greenhouse,  Puccinia  gra7mnis  tritici  form  41  is  very 
virulent  on  Khapli  and  attacks  plants  in  all  stages  of  development. 
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Khapli  is  so  favorable  a  host  for  this  rust  form  that  the  latter 
grows  rapidly  and  luxuriantly.  Most  of  the  pustules  formed  are 
normal  in  spite  of  the  thick  epidermis,  but  there  is  evidence  of  diffi- 
culty in  the  breaking  of  the  membrane,  and  occasionally  pustules 
are  not  formed  on  the  infected  areas. 

Sometimes  the  epidermis  is  reenforced  by  sclerenchyma  cells,  con- 
stituting a  more  complex  and  irregular  membrane  than  the  single- 
cell  layer  that  usually  is  considered. 

REENFORCEMENT  OF  THE  EPIDERMIS 

Eeen  forcing  strands  of  sclerenchyma  cells  beneath  the  epidermis 
are  very  common  in  the  durums  and  emmers,  in  which  the  individual 
collenchyma  strands  are  only  partially  fused  into  broad  and  ex- 
tensive collenchyma  areas  and  are  separated  by  the  strands  of 
sclerenchyma  which  lie  just  beneath  the  epidermis  but  do  not  form 
a  complete  band  in  the  general  sclerenchyma  sheath  of  the  pedun- 
cle. (Fig.  24.)  In  a  cross  section  of  the  stem  the  reenforcing 
strands  always  form  the  prominent  ridges,  for  the  sclerenchyma  is 


Figure  23. — Cross  section  of  an  infected  leaf  sheath  of 
Webster  wheat.  Spoi'es  are  produced  in  abundance  but 
the  epidermis  is  not  broken  and  the  pustules  remain 
submerged  in  the  host.      X    100 

in  a  compact  mass  approximately  as  deep  as  it  is  wide.  These 
sclerenchymatous  masses  tend  to  make  the  epidermis  even  more 
heterogeneous  than  it  usually  is  and  they  divide  the  entire  covering 
layer  of  the  broad  collenchyma  area  into  smaller  units.  These  often 
behave  as  narrow  individual  membranes  rather  than  as  part  of  one 
wide  membrane.  Thus  it  sometimes  happens  that  a  number  of  dis- 
tinct pustules  form  when  one  large  collenchyma  area  is  infected, 
and  only  in  exceptional  cases  is  the  entire  area  converted  into  one 
large  pustule.  Figure  24  shows  that  two  separate  pustules  have 
been  formed  in  one  of  the  double  collenchyma  strands  in  the  pedun- 
cle of  Khapli  emmer.  In  the  neighboring  double  strand  of  collen- 
chyma one  large  pustule  is  forming  and  the  entire  membrane,  with 
its  central  reenforcement  of  sclerenchyma,  is  being  lifted  and  pushed 
out  as  one  unit.  Although  P.  grarrmds  tritieJ.  form  41  is  extremely 
virulent  on  Khapli^  the  sclerenchyma  mass  reenforcing  the  epidermis 
sometimes  is  effective  in  limiting  the  size  of  the  pustule.  The  same 
is  true  also  of  the  other  emmers  and  durums. 

Reenforcing  strands  of  sclerenchyma  are  more  unusual  in  the 
common  wheats.  They  are  not  found  in  such  varieties  as  Quality 
and  Little  Club,  which  have  broad,  confluent  strands  of  collenchyma. 
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but  they  may  occur  in  other  varieties,  such  as  Kota,  Ceres,  Marquillo, 
Webster,  and  Progress.  All  of  these  wheats  have  few  or  several 
double  collenchyma  strands  that  appear  as  though  two  narrow 
strands  were  fused.  When  the  sclerenchymato'us  reenforcements 
occur  they  are  just  beneath  the  epidermis  and  between  the  two  parts 
of  the  double  strand.  The  reenforcing  strands  are  never  so  strongly 
developed  as  in  the  durums  and  emmers.  Often  they  are  merely 
three  or  four  longitudinal  rows  of  cells  aggregated  in  a  mass  that 
does  not  greatly  affect  the  epidermal  membrane  nor  divide  it  into 
distinct  units.  Occasionally  they  are  sufficiently  developed  to  limit 
the  size  of  rust  pustules  as  eifectively  as  the  reenforcing  sclerenchyma 
sometimes  does  in  the  durums. 

Another  effective  reenforcement  of  sclerenchyma  has  been  noted  in 
the  leaf  sheath  of  einkorn.     (Fig.  25.)     In  this  section  the  scleren- 

Kota 


Velvtt  Don 


Figure  24. — Diagrams  from  peduncles  of  common  wheat 
(Kota),  durum  (Velvet  Don),  and  emmer  ( Khapli », 
showing  reenforcing  sclerenchyma  beneath  the  epidermis 
and  between  the  parts  of  compound  collenchyma  strands. 
X    115 

chyma  is  in  a  broad  strand  and  not  crowded  into  a  deep  mass.  The 
membrane  over  the  infected  tissue  is  thus  strengthened  along  a  large 
part  of  its  width  and  still  acts  as  a  single  membrane  rather  than  as 
two  units  of  membrane  separated  by  sclerenchyma.  No  such  reen- 
forcements have  been  found  in  the  leaf  sheaths  of  any  other  varieties. 
According  to  general  observations  and  detailed  examinations  it 
seems  certain  that  the  structure  of  the  epidermis  is  an  important  fac- 
tor in  the  formation  of  pustules.  It  is  generally  recognized  that  the 
rust  fungus  often  has  difficulty  in  gaining  entrance  to  its  host  and 
establishing  itself  within  the  tissues,  but  it  is  not  so  generally  realized 
that  there  may  be  great  difficulties  involved  in  breaking  through  the 
epidermis  of  the  host  after  extensive  mycelial  growth  and  abundant, 
spore  production  have  occurred.  The  structure  of  the  infected  area 
and  the  nature  of  the  protective  membrane  are  factors  that  greatly 
influence  the  liberation  of  the  rust  spores  from  the  infected  host  after 
the  fungus  has  completed  its  development  in  the  area  in  question. 
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The  development  of  the  fungus  in  a  given  area  may  be  slow  or 
rapid,  depending  on  a  number  of  factors,  such  as  compatibility  of 
the  host  and  parasite,  light,  temperature,  and  other  external  factors. 
In  the  peduncle  the  rate  of  development  of  rust  may  be  profoundly 
affected  by  the  structure  of  the  infected  tissue,  and  the  extension  of 
the  mycelium  may  be  hindered  by  morphological  peculiarities  of  the 
collenchyma,  as  well  as  by  the  sheath  of  sclerenchyma  surrounding 
the  susceptible  collenchyma. 

STRUCTURE  OF  THE  COLLENCHYMA 

If  the  cell  walls  of  the  chlorophyllous  tissues  in  the  peduncle  are 
irregularly  thickened,  as  are  the  walls  of  other  collenchyma,  it  seems 
probable  that  the  fungus  would  have  more  difficulty  in  sending 
haustoria  through  them  than  through  the  thin  walls  of  ordinary 
chlorophyllous  parenchyma  cells.  The  rust  mycelium  might  ramify 
the  tissue  at  a  slower  rate,  and  a  longer  time  would  be  required  for 
the  development  of  a  mass  of  mycelium  sufficient  to  produce  an 
abundance  of  spores  and  form  conspicuous  rust  pustules.    This  might 


Figure  25. — Cross  section  of  the  leaf  sheath  of  einkorn, 
showing  the  sclerenchyma  which  reenforces  the  epidermis 
across  part  of  its  width.      X   100 

then  be  one  reason  for  the  differences  in  length  of  incubation  period 
in  the  seedlings  and  in  the  peduncles  of  mature  plants.  In  a  physio- 
logically susceptible  seedling  the  fungus  advances  rapidly  in  the 
mesophyll  tissue,  sending  numerous  haustoria  quickly  and  easily 
through  the  thin  cellulose  walls  of  the  cells.  The  development  is  so 
rapid  that  the  first  pustules  usually  appear  on  the  seventh  day  after 
inoculation,  and  by  the  twelfth  or  fourteenth  day  pustules  may  be 
fully  formed  and  accurate  rust  notes  taken.  When,  on  the  other 
hand,  the  peduncles  of  mature  plants  are  inoculated  with  virulent 
forms,  the  rust  mycelium  progresses  more  slowly  and  the  first 
pustules  generally  appear  from  12  to  15  days  after  inoculation. 
Very  often  rust  notes  are  not  taken  until  about  the  twenty-first  day 
and  sometimes  even  later. 

Whether  the  haustoria  penetrate  equally  well  the  thick  and  the 
thin  walls  of  the  collenchyma  cells  has  not  been  determined  experi- 
mentally, but  observational  evidence  indicates  that  they  are  formed 
more  slowly  in  cells  with  thick  walls  than  in  those  with  thin,  deli- 
cate ones.  In  the  case  of  the  infected  leaf  base  of  Ceres,  the  general 
appearance  of  the  sections  indicated  that  the  rust  had  difficulty  in 
advancing  through  the  ground  tissue,  made  up  of  compact  cells 
with  very  thick  cellulose  walls.    The  absence  of  large  intercellular 
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spaces  and  the  heavy,  regular  thickening  of  the  cell  walls  retarded 
the  fungus  considerably.  It  is  possible  also  that  the  collenchyma 
cell  walls  of  some  wheat  varieties  are  thicker  than  those  of  other 
varieties  and  that  the  fungus  develops  even  more  slowly  in  pedun- 
cles of  the  former. 

EFFECT  OF  FERTILIZERS  ON  STRUCTURE 

For  many  years  there  has  been  a  general  impression  that  heavy 
applications  of  nitrogenous  fertilizers  render  plants  susceptible  to 
rusts.  According  to  Little  (^7),Bolley  (i^) ,  Voelcker  (4^),Sorauer 
(S6),  Remer  (-i-i),  Armstrong  (10),  Spinks  (i7),  Freeman  and  John- 
son (^7),  Johnson  (24),  and  others,  the  severity  of  rust  attack  is 
likely  to  be  greatly  increased  on  low,  rich  soils,  and  especially  on 
soils  heavily  manured  with  nitrogenous  material.  If  there  is  any 
excess  of  potassium  or  phosphorus,  however,  the  plants  are  not 
likely  to  be  so  heavily  rusted.  The  literature  on  the  subject  has  been 
fully  reviewed  by  Eriksson  and  Henning  (IS)^  and  Stakman  and 
Aamodt  (40). 

Whether  the  fertilizers  exert  a  direct  effect  on  the  physiologic  re- 
action of  a  plant  to  rust  is  not  yet  definitely  determined.  It  has 
been  suggested  by  Armstrong  (10),  Freeman  and  Johnson  (17),  and 
by  Vavilov,  according  to  Stakman  and  Aamodt  (40),  that  the  effect 
is  indirect.  The  opportunities  for  infection  are  greater  since  nitrog- 
enous fertilizers  often  delay  maturity  and  increase  the  plant  sur- 
face and  density  of  stand.  Ward  (SO)  found  that  nutrient  solutions 
alone  did  not  alter  the  susceptibility  or  resistance  of  bromegrass  to 
brown  rust.  Stakman  (38)  found  in  1914  that  fertilizers  had  no 
direct  effect  on  the  immunity  or  susceptibility  of  wheats  to  stem 
rust.  Again,  in  1924,  Stakman  and  Aamodt  (40)  concluded  that 
natural  and  artificial  fertilizers  did  not  change  the  degree  of  physi- 
ologic susceptibility  of  wheat  to  stem  rust.  They  suggested,  how- 
ever, that  the  morphologic  resistance  of  a  variety  might  be  changed 
somewhat  by  fertilizers. 

Several  authors  have  suggested  that  fertilizers  may  affect  the  in- 
ternal structure  of  the  cereals  and  protect  or  predispose  them  to 
disease.  According  to  Hursh  (23)  and  Stakman  and  Aamodt  (40), 
Petermann  believed  that  the  strength  of  the  cell  walls  was  affected 
by  fertilizers  and  that  differences  in  resistance  w^ere  due  to  differences 
in  the  resistance  of  the  walls  to  puncture.  According  to  Hursh  (^23) 
and  Stakman  and  Aamodt  (40),  Russell  also  states  that  fertilizers 
affect  the  structure  of  the  cell  walls,  the  nitrogenous  manures  causing 
the  plants  to  produce  thin  cell  walls  easily  penetrated  by  the  rust 
hyphae.  According  to  Stalmian  and  Aamodt  (40),  Miyake  and 
Adachi  are  of  the  same  opinion.  The  latter  also  report  that  the 
increased  resistance  of  plants  fertilized  with  potassium  is  due  to  the 
fact  that  potassium  fertilizers  strengthen  the  cell  walls. 

Hursh  [23)  studied  the  effect  of  nutrient  salts  on  the  morphology 
of  leaves  of  Haynes  Bluestem  wheat.  In  cultures  deficient  in  nitro- 
gen the  leaves  had  relatively  large  amounts  of  sclerenchyma ;  the 
girders  surrounding  the  vascular  bundles  extended  from  one  epi- 
dermis to  the  other  and  separated  completely  the  areas  of  susceptible 
chlorenchyma.  The  epidermis  was  composed  of  small,  heavily 
cutinized  cells  with  thick  walls,  and  the  entire  leaf  was  firm  and 
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compact.  In  cultures  supplied  with  excess  nitrogen  the  leaves  Avere 
more  porous  and  succulent.  Very  little  sclerenchyma  accompanied 
the  vascular  bundles,  and  each  area  of  chlorenchyma  wsls  continuous 
with  the  next.  The  epidermal  cells  were  large,  thin-walled,  and 
slightly  cutinized.  Hursh  concludes  that  the  effect  of  excess  nitrog- 
enous fertilizers  is  to  increase  the  area  in  which  the  fungus  can 
grow  without  altering  the  fundamental  protoplasmic  resistance  of 
the  plant. 

In  the  present  study  it  was  thought  advisable  to  determine  the 
effect  of  fertilizers  on  the  structure  of  the  peduncle.  If  the  relative 
proportions  of  sclerenchyma  and  collenchyma  are  greatly  altered, 
or  if  the  division  of  collenchyma  into  strands  is  changed  by  different 
fertilizers,  it  would  be  impossible  to  rely  on  morphologic  resistance 
in  any  variety  of  wheat.  If  nitrogenous  fertilizers  prevent  a  normal 
development  of  sclerenchyma,  which  results  in  very  little  division  of 
the  collenchyma  areas,  it  is  obvious  that  the  rust  may  develop  exten- 
sively after  it  enters  the  peduncle  of  a  physiologically  susceptible 
host.  And  if  the  epidermal  membrane  is  greatly  modified  by  the 
application  of  fertilizers,  the  process  of  pustule  formation  in  certain 
varieties  may  be  affected. 

Experiments  were  made  at  University  Farm,  St.  Paul,  Minn.,  in 
1925  and  1926,  and  at  Coon  Creek,  Minn.,  in  1927  and  1928.  Tripli- 
cate rows  of  each  variety  were  grown  in  square-rod  plots,  and  border 
rows  of  Marquis  or  Mindum  were  grown  around  each  plot.  The 
fertilizers  were  applied  in  moderate  and  in  excessive  quantities  just 
before  seeding,  and,  in  the  case  of  nitrates,  about  three  or  four  weeks 
after  seeding.  In  1925  and  1926  six  varieties  of  wheat  were  grown : 
(1)  Marquis,  a  common  wheat  with  a  relatively  large  proportion  of 
collenchyma  in  the  peduncle,  usually  susceptible  to  stem  rust;  (2) 
Kota,  with  a  smaller  proportion  of  collenchyma  and  often  resistant  in 
the  field;  (3)  Ceres,  a  hybrid  between  Marquis  and  Kota,  intermedi- 
ate with  respect  to  structure  of  its  peduncle,  sometimes  resistant  in 
the  field ;  (4)  Pentad,  a  durum  wheat,  apparently  highly  resistant  to 
or  almost  immune  from  stem  rust;  (5)  Mindum,  a  durum,  physiologi- 
cally susceptible  to  a  number  of  forms  of  stem  rust,  often  rusted  in 
the  field  if  virulent  forms  are  present;  and  (6)  Acme,  also  a  durum, 
Avith  protoplasmic  susceptibility  to  most  rust  forms  but  very  seldom 
rusted  in  the  field.  Acme  is  said  to  have  an  effective  morphologic 
resistance  by  reason  of  the  occurrence  of  sclerenchyma  between  the 
epidermis  and  the  collenchyma  strands  in  the  peduncle  (23). 

A  different  set  of  varieties  was  grown  at  Coon  Creek,  Minn.,  in 
1927,  namely,  the  durum  wheats.  Acme  and  Mindum ;  Khapli  emmer ; 
the  morphologically  susceptible  Marquis;  Little  Club,  highl}^  sus- 
ceptible physiologically  and  morphologically;  the  rust-resistant 
hybrid  Marquillo;  and  the  resistant  common  wheat,  Webster.  In 
1928  Marquis,  Marquillo,  Kota,  Ceres,  Hope,  Acme,  and  Mindum 
were  grown. 

Fertilizers  were  applied  both  in  moderate  quantities  and  in  exces- 
sive quantities.  At  University  Farm  the  following  fertilizers  were 
used : 

Pounds  per  acre 

Treble  superphosphate 125 

Potassium  chloride 240 

Ammo-phos    (13-48) 80 

Sodium   nitrate 240 
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Two  check  plots  were  left  without  fertilizers,  and  one  plot  was 
treated  w^ith  a  combination  of  superphosphate,  potassium  chloride, 
and  sodium  nitrate.  A  second  series  of  plots  was  treated  with 
excessive  quantities  of  fertilizers  and  received  double  the  quantity 
applied  to  the  first  series.  The  same  fertilizers  were  used  at  Coon 
Creek,  except  that  either  ammonium  sulphate  or  urea  was  used  in 
place  of  the  sodium  nitrate.  The  Ammo-phos  series  was  omitted. 
In  addition  to  the  single  fertilizer  plots,  there  were  plots  treated 
with  combinations  of  two  of  the  fertilizers,  and  one  plot  treated  with 
all  three  compounds.  Plots  of  a  second  series  were  treated  w^ith 
excessive  quantities  of  fertilizers. 

The  peduncles  were  clipped  about  two  weeks  after  the  plants 
headed  and  were  preserved  in  acetoalcohol.  Later  they  were  sec- 
tioned on  a  sliding  microtome,  stained,  and  examined.  All  pe- 
duncles w^ere  sectioned  about  1%  inches  below  the  rachis,  and  the 
results  are  based  on  the  averages  of  10  to  15  peduncles  in  each 
sample. 

EFFECT    OF   FERTILIZERS    ON   THE    RELATIVE    PROPORTIONS    OF    SCLERENCHYMA 
AND    COLLENCHYMA    IN    THE    PEDUNCLE 

In  1925  samples  of  each  variety  from  the  different  plots  were 
measured  to  determine  the  proportion  of  collenchyma  adjacent  to  the 
periphery  of  the  peduncle.  It  is  possible  that  the  prevalence  of  large 
and  numerous  pustules  on  plants  heavily  fertilized  with  nitrogen 
is  due  to  an  increase  in  amount  of  collenchyma,  which  is  a  direct 
result  of  nitrogenous  fertilization.  The  proportion  of  collenchyma 
in  the  peduncles  was  expressed  in  percentages,  and  the  measure- 
ments for  the  entire  series,  with  stem  rust  notes  in  addition,  are 
shown  in  Table  5. 

Table  5. — Rust  notes  and  percentages  of  collenohpnui  in  the  peduncles  of  six 
varieties  of  tcheat  grown,  on  different  fertilizer  plots  at  University  Farm, 
St.  Paul,  Minn.,  192r, 


Variety  and  fertilizer 

Collen- 
chyma 

Rust  infec- 
tion 1 

Variety  and  fertilizer 

Collen- 
chyma 

Rust  infec- 
tion 1 

Marquis: 

Check      

Per  cent 
72.3 
69.3 
70.1 
71.5 
71.5 
71.1 

58 

54.9 

57.8 

63.1 

59.3 

61 

63.2 
62.9 
64.9 
65.3 
66.5 
63.6 

25-30  S. 

25  S. 
35  S. 
35  S. 

26  S. 
35  S. 

10  R.  : 

5  R.  ! 

15  R-SR. 

20  R-SR. 

10  R. 

20  R-SR. 

10  R.  1 
5  R.  1 
5  R.  i 
Tr.-5  R. 
5  R. 

5   R.    ': 

Acme: 
Check 

Per  cent 
72 
77.9 
73.5 
77.4 
74.5 
73.6 

75.5 
77  4 

Tr.-50  R. 

Superphosphate ' 

SunernhosDhate  * 

Tr-50  R 

KCl 

Ammo-phos.. 

^u^erpnospnate  ......... 

Ammo-phos 

5  R. 
5  R 

NaNOs 

NaN03 

Tr.  R. 

Combination  ' 

Combination  ^ 

Tr.  R. 

Kota: 

Check 

Mindum: 
Check 

20  S. 

25  S 

KCl 

KCL.^.  .'^.  .^::::::^     ¥s. i 

15  S 

10  S. 

NaN03 

NaNOs  -    

78.9 
75.9 

74.8 

15  S. 

Combination  ^ 

Combination ' 

Pentad: 

Check            

16  S 

Ceres: 

Check 

Tr.  R. 

Superphosphate*—. 

Superphosphate  * 

8L2 

78.4 

76 

75.8 

73.3 

0 

KCl 

0 

Ammo-phos 

0. 

NaN03 

NaNOa 

0 

Combination  ' ... 

0. 

»  Numbers  indicate  percentage  of  infection;  S= susceptible;  R=re5istant;  Tr.  =  trace. 

2  Treble  superphosphate. 

3  A  combination  of  superphosphate,  KCl,  and  NaNO  3. 
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It  is  obvious  that  the  variation  in  rust  infection  is  not  extreme 
within  a  variety,  and  that  the  heaviest  infection  is  not  always  on  the 
plants  that  receive  the  nitrogenous  fertilizers.  In  the  case  of  Mar- 
quis, the  percentages  of  rust  infection  were  almost  the  same  on  all 
plots,  the  highest  estimates  (35  S)^  being  those  for  plants  supplied 
Avith  potassium  chloride,  xVmmo-phos,  or  a  combination  of  potassium, 
phosphorus,  and  nitrogen.  When  the  structure  of  the  peduncle  was 
studied,  there  were  only  very  slight  differences  in  percentages  of  col- 
lenchyma,  the  range  being  between  69.3  and  72.2  per  cent. 

The  results  obtained  with  Ceres  were  somewhat  similar  to  those 
obtained  with  Marquis,  there  being  no  great  differences  in  rust  infec- 
tion nor  in  the  structure  of  the  peduncle.  In  the  case  of  Ceres,  how- 
ever, the  severest  rust  infection  (10  K)  was  on  plants  in  the  check 
plot,  and  the  mildest  (trace  to  5  K)  was  on  plants  fertilized  with 
Ammo-phos.  There  was  not  the  slightest  indication  of  change  in  pro- 
portion of  collenchyma  in  pedimcles  of  plants  in  different  plots.  In 
fact,  the  percentage  range  was  from  62.9  to  66.5,  and  the  percentage 
of  collenchyma  in  the  least  heavily  rusted  peduncles  from  the  Ammo- 
phos  plots  was  65.2,  as  compared  with  63.1  per  cent  in  those  from  the 
more  heavily  rusted  check  plots. 

The  only  indications  of  a  relationship  between  the  severity  of  rust 
and  the  proportion  of  collenchyma,  as  a  result  of  the  application  of 
fertilizers,  was  found  in  Kota  wheat.  The  plants  on  the  plot  treated 
Avith  treble  superphosphate  had  the  least  collenchyma  and  the  rust 
infection  was  lower  than  that  in  any  of  the  other  plots.  The  pustules 
were  small  and  well  isolated,  for  the  reaction  was  recorded  as  R. 
Conversely,  the  plants  on  the  two  plots  treated  with  Ammo-phos  and 
with  a  combination  of  potassium,  phosphorus,  and  nitrogen  contained 
larger  percentages  of  collenchyma,  and  the  rust  infection  was  rela- 
tively high  (20  per  cent)  and  reaction  varied  from  K  to  SR. 

In  the  case  of  durum  wheats,  also,  there  was  no  evidence  that 
fertilizers  have  any  profound  effect  on  the  proportion  of  susceptible 
tissue  in  the  peduncle.  The  Mindum  plants  which  received  the  treble 
superphosphate  were  more  severely  rusted  than  other  plants  of  the 
same  variety,  but  they  did  not  contain  the  largest  percentage  of  col- 
lenchyma. On  the  other  hand,  plants  of  the  Pentad  variety,  which 
received  treble  superphosphate,  contained  slightly  more  sclerenchyma 
than  similar  plants  of  other  plots.  Pentad  has  a  nuirked  protoplas- 
mic resistance  to  stem  rust,  and  only  a  trace  of  rust  developed  in  the 
check  plot  on  a  few  plants  of  this  variety  that  had  been  injured.  The 
Acme  plants  that  received  treble  superphosphate  also  contained  the 
highest  percentages  of  collenchyma,  but  the  differences  in  measure- 
ments were  so  slight*  that  they  were  not  considered  significant.  In 
this  variety  also  the  plants  injured  by  foot  rot,  by  bunt,  or  by  clip- 
ping seemed  to  be  more  liable  to  rust  infection.  For  this  reason,  the 
rust  infection  in  the  check  plot  and  the  phosphate  plot  was  recorded 
as  trace  to  50  R. 

Neither  the  results  of  this  experiment  nor  those  of  the  1926  ex- 
periment support  the  supposition  that  nitrogenous  fertilizers  alter 

^  For  explanation  of  symbols  for  rust  reactions  see  footnote  1  to  Table  5,  p.  45. 
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the  structure  of  plants  by  increasing  the  proportion  of  rust-susceptible 
tissue.  Measurements  made  in  1926  were  as  inconsistent  as  those 
made  in  1925.  There  was  not  the  slightest  correlation  between  fer- 
tilizers used  and  percentage  of  collenchyma  in  Kota  wheat,  even 
when  the  fertilizers  were  applied  in  excessive  quantities.  The  range 
of  variability  in  percentage  of  collenchyma  was  not  great  in  any 
variety,  and  the  very  slight  differences  that  occurred  were  not  con- 
sistent with  the  differences  which  occurred  in  1925. 

In  the  next  two  years,  1927  and  1928,  tests  were  made  at  Coon 
Creek,  Minn.,  to  determine  whether  there  would  be  greater  response 
to  fertilizers  on  the  sand  than  on  the  loam  at  University  Farm. 
Although  stands  were  poor  because  of  unfavorable  growing  condi- 
tions, some  varieties  were  studied  in  detail.  The  results  were  about 
the  same  as  those  previously  obtained.  The  differences  in  percentage 
of  collenchyma  were  so  slight  as  to  be  of  no  significance,  and  the 
highest  percentages  of  collenchyma  were  not  always  in  the  peduncles 
of  plants  fertilized  with  nitrogenous  materials.  The  conclusion  was 
that  fertilizers  applied  in  the  quantities  used  in  these  experiments 
did  not  appreciably  alter  the  proportion  of  collenchyma  in  the  pe- 
duncle of  any  variety  studied.  The  next  problem  was  to  ascertain 
the  possibility  of  fertilizers  affecting  the  distribution  of  collenchyma 
in  the  peduncle. 

EFFECT  OF   FERTILIZERS  ON  THE  DISTRIBUTION   OF  COLLENCHYMA   IN  THE 

PEDUNCLE 

Although  the  application  of  nitrogenous  fertilizers  did  not  cause 
the  formation  of  a  larger  proportion  of  collenchyma  in  the  peduncle, 
it  is  possible  that  the  collenchyma  present  in  such  a  peduncle  might 
comprise  fewer  and  larger  areas  and  might  not  be  divided  into  many 
smaller  and  narrow  ones,  as  would  be  the  case  in  an  unfertilized  plant. 
In  order  to  obtain  definite  information  on  this  question  the  numbers 
of  different  types  of  collenchyma  areas  in  each  peduncle  were  tabu- 
lated, and  averages  were  secured  for  10  samples  from  each  fertilizer 
plot.  In  this  way  it  is  easy  to  tell  at  once  how  many  single  collen- 
chyma strands  occur  in  the  average  stem  of  a  plant  from  a  certain 
fertilizer  plot,  how  many  double  strands,  and  how  many  collen- 
chyma areas  consisting  of  three  or  more  coalesced  strands.  Of 
course,  there  is  no  comparison  of  size  of  single  collenchyma  strands, 
but  the  degree  of  division  of  the  rust-susceptible  tissue  is  determined. 

The  results  of  two  of  these  tabulations  are  presented  in  Table  6. 
In  Marquis  wheat  the  great  majority  of  the  collenchyma  areas  con- 
sisted of  single  strands  and  a  moderate  number  of  them  were  double 
strands.  Larger  areas  of  collenchyma,  three  or  four  coalesced  strands, 
were  more  unusual,  but  occurred  in  one  or  two  peduncles  in  a  group 
of  10  examined  culms.  In  the  durum  wheat,  Acme,  the  average 
number  of  single  collenchyma  strands  in  each  peduncle  was  con- 
siderably lower,  and  relatively  more  of  the  collenchyma  areas  con- 
sisted of  several  coalesced  strands. 
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Table  6. — Distribution  of  the  collenchyma  of  the  peduncle  into  sinffle,  double 
and  coalesced^  strands  in  Marquis  and  Acme  wheats  grown  on  d/i'fterent 
fertilizer  plots  at  University  Fa/rm,  St.  Paul,  Minn.,  1926 


Average  number  of  collenchyma  strands  of  indi- 
cated type 

Variety  and  fertilizer 

Single 

I>ouble 

3-coa- 
lesced 

4-coa- 
lesced 

5-coa- 
lesced 

Overs- 
coa- 
lesced 

Marquis: 

CheclJ— 

21.8 

21.9 

20 

22.3 

20.7 

21 

19.3 

21.3 

21.3 

22.9 

21.8 

24.8 

7.4 
10.3 
8.8 
7.7 
6.2 
8.2 
8.3 
11.4 
12.3 
10.2 
7.9 
8 

5.2 

7.8 

8.8 

5.9 

7.7 

7.1 

7.5 

6.7 

7.4 

6.4 

8 

7.7 

4.7 

4.  1 

4.6 

5.2 

5.1 

5 

6.3 

6.1 

4.3 

4.3 

4.6 

6.4 

0.2 
.2 
.1 
.3 

0 
.1 
.2 
.1 

0 
.1 
.1 
.1 

.8 
1.  1 
1.4 
2 

1.7 
1.4 
1.2 
1.2 
1.8 
1.4 
1.2 
2 

0.1 
0 

.1 
0 
0 

.1 
0 

.1 
0 

.1 

.1 
0 

1.8 
1.9 
1 

.7 
1.9 
2 

1.8 
1.3 
1 

1.2 
2.1 
1.  I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.4 
0 
.1 
.4 
.3 
.3 
.1 
.4 
.2 
.1 
.1 
.1 

0 

KCl - 

0 

Superphosphate...  -.. 

0 

Ammo-phos      

0 

NaNOs 

0 

Combination" ._  _ 

0 

Check 

0 

ExcessKCl 

0 

Excess  superphosphate 

0 

Excess  Ammo-phos 

0 

Excess  NaNO  3 ... 

0 

Excess  combination  . 

0 

Acme: 

Check.... -. 

.3 

KCl 

,fi 

Superphosphate! 

7 

Ammo-phos. 

S 

NaNOs 

6 

Combination". 

f) 

Check .. 

? 

Excess  KCl 

s 

Excess  superphosphate .    . 

4 

Excess  Ammo-phos  ...     . 

5 

Excess  NaNO  3 . 

5 

Excess  combination.     .  . 

8 

1  Treble  superphosphate. 

2  A  combination  of  superphosphate,  KCl  and  NaNOs . 

If  the  averages  obtained  for  each  fertilizer  plot  be  compared,  it  is 
evident  that  in  Marquis  the  fertilizers  appeared  to  have  had  no  effect 
on  the  division  of  the  collenchyma.  The  proportions  of  single, 
double,  and  coalesced  strands  were  approximately  the  same  in  all 
plants  from  the  different  plots;  nitrogen  did  not  tend  to  produce 
fewer  single  strands  and  more  double  or  coalesced  strands.  In  the 
case  of  Acme  there  were  greater  differences  when  the  averages  for  the 
single  collenchyma  strands  were  compared.  The  plants  supplied  with 
excessive  quantities  of  potassium  chloride  or  treble  superphosphate 
contained  more  single  collenchyma  strands  than  plants  on  the  other 
plots,  thus  indicating  the  possibility  of  a  greater  division  of  collen- 
chyma. In  spite  of  the  fact  that  there  were  more  single  strands  in 
these  plants,  the  number  of  coalesced  collenchyma  strands  remained 
about  the  same  as  in  plants  from  other  fertilizer  plots.  It  also  is 
true  that  the  average  number  of  single  collenchyma  strands  was  high 
in  the  case  of  plants  furnished  with  Ammo-phos  in  excess. 

The  peduncles  of  Kota,  Ceres,  Pentad,  and  Mindum  were  similarly 
analyzed  but  gave  no  evidence  that  fertilizers  exerted  any  appreciable 
or  consistent  effect  on  the  division  of  collenchyma  in  the  peduncle. 

EFFECT   OF   FERTILIZERS    ON   THE   STRUCTURE    OF   THE   EPIDERMAL   MEMBRANE 

If  fertilizers  affect  the  strength  and  thickness  of  cell  walls  in 
cereals  and  grasses,  as  Petermann  and  Remer  have  suggested  {^S,  iO), 
it  is  possible  that  they  may  affect  the  thickness  of  the  epidermal 
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membrane  and  the  strength  and  thickness  of  its  cell  walls.  Such 
modifications  in  the  epidermis  would  alter  the  tensile  strength  of  the 
membrane  and  change  its  resistance  to  rupture.  If  the  modifications 
were  great  enough,  it  is  conceivable  that  the  formation  of  pustules 
would  be  greatly  affected.  Thus,  in  a  variety  like  Kota,  in  which 
evident  difficulty  in  pustule  formation  is  sometimes  found  when  only 
moderately  virulent  rust  forms  attack  the  peduncle,  it  is  probable 
that  a  thickening  and  strengthening  of  the  membrane  or  its  cell 
walls,  as  a  result  of  fertilization  with  potassium  or  phosphorus, 
would  prevent  entirely  the  formation  of  normal  pustules.  On  the 
other  hand,  if  the  epidermis  were  thinner  than  normal  and  had 
weaker  and  thinner  cell  walls  as  a  result  of  nitrogenous  fertilization, 
the  tensile  strength  of  the  membrane  might  be  decreased  sufficiently 
to  permit  the  formation  of  normal  pustules  without  any  difficulty 
whatever.  As  only  a  few  actual  measurements  have  been  made  on 
the  thickness  of  the  epidermal  membrane  and  of  the  cell  walls,  it  is 
impossible  to  say  now  whether  the  slight  differences  in  measurement 
are  consistent  and  can  be  correlated  with  the  different  types  of  ferti- 
lizers used.    More  data  must  be  obtained  before  the  problem  is  solved. 

EFFECT    OF    FERTILIZERS    ON    THE    DIAMETER    OF    THE    PEDUNCLE 

During  the  examination  of  plants  on  the  fertilizer  plots  it  was 
noticed  that  the  peduncles  of  some  plants  were  thick  and  succulent, 
Avhile  those  of  others  were  more  slender.  Hursh  (^>)  suggested  that 
the  diameter  of  the  peduncle  might  be  an  important  factor  in  the 
morphologic  resistance  to  rust,  by  determining  the  angle  of  curvature 
of  the  epidermis  and  thus  affecting  the  resistance  to  rupture  of  the 
membrane.  After  studying  the  deeply  furrowed  peduncle  of  some 
varieties,  as  contrasted  with  the  smooth,  even  peduncle  of  others, 
the  writer  decided  that  the  width  and  curvature  of  the  epidermal 
membrane  over  each  coUenchyma  area  were  far  more  important  than 
the  diameter  of  the  peduncle.  Nevertheless,  the  diameters  of  pedun- 
cles of  Marquis  and  Kota,  grown  on  different  fertilizer  plots  at  Coon 
Creek,  Minn.,  were  determined.  There  seemed  to  be  more  variation 
in  diameter  of  peduncles  of  Kota  than  in  those  of  Marquis.  (Fig. 
26,  A,  B.)  Variation  in  Marquis  seemed  too  slight  to  be  of  any 
importance,  but  in  Kota  the  nitrogenous  fertilizers  seemed  to  have  a 
decided  effect  in  increasing  the  diameter  of  the  peduncle.  "Whether 
these  differences  are  great  enough  to  alter  the  degree  of  curvature  in 
the  usually  somewhat  furrowed  peduncle  of  Kota  is  uncertain.  The 
rust  infection  on  the  plants  at  Coon  Creek  was  not  severe  enough  to 
indicate  the  effect  of  fertilizers.  If  diameter  were  an  important  fac- 
tor in  this  case,  however,  it  would  be  such  as  to  decrease  the  resistance 
to  rupture  in  the  epidermis  of  plants  treated  with  nitrogen.  It 
seems  probable  that  the  diameter  of  the  peduncle,  therefore,  would  be 
a  more  important  factor  in  rust  resistance  in  the  case  of  a  smooth- 
stem  wheat  than  when  the  peduncle  is  furrowed,  as  it  is  in  Kota. 

RELATION  OF  STOMATAL  BEHAVIOR  TO  STEM-RUST  RESISTANCE 

IN  WHEAT 

Since  the  germ  tubes  of  Puccima  graminis  enter  the  wheat  plant 
only  through  the  stomata,  it  seems  likely  that  stomatal  behavior  may 
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have  an  influence  on  rust  infection.  While  there  is  not  necessarily 
any  correlation  between  number,  distribution,  and  size  of  the  stomata 
and  the  behavior  of  wheat  varieties  with  respect  to  rust,  stomatal 
movements  may  be  important,  as  Hursh  (23)  and  Allen  (7)  have  sug- 
gested. Pool  and  McKay  {S2)  found  that  germ  tubes  of  Cercospora 
heticola  were  excluded  from  the  beet  leaf  when  the  stomata  were 
closed,  so  it  seems  reasonable  to  presume  that  similar  conditions  hold 
for  P.  graminis  on  cereals.  The  writer  {20)  found  that  the  germ 
tubes  01  stem  rust  enter  the  cereals  only  through  open  stomata,  for, 
apparently,  they  are  unable  to  force  their  way  between  the  guard 
cells  when  the  stoma  is  closed.     Consequently,  infection  occurs  only 


r/?ec/c   No./ 
Chec/<  No.  2 
P/jo^sphafe 
Ercess  Phosphate 
/f  C/ 

£xces-s  /iC/ 
Na  A/O3 
fxcess  Na  NO^ 

Excess  Co/vbinahon 


B 

Check  No./ 
ChecM  A/0.2 
P/fos'phdfe 
fxcess-  Phospha/e 
/fC/ 

NaNOs 
/Excess' Na  A/dj 

Com/>/M/m(^/(snd//J 
fxcess  Com/f/na/ion 


Figure  26. — Graphs  showing  relative  diameters  of  the 
peduncles  of  wheat  grown  on  different  fertilizer  plots 
in  1926  :  A,  Marquis  ;  B,  Kota 

during  certain  favorable  periods — that  is,  while  there  is  sufficient 
moisture  for  the  germination  of  spores  and  the  survival  of  germ 
tubes — while  temperature  is  favorable  for  spore  germination  and 
growth  of  germ  tubes,  and  while  the  stomata  are  open  so  as  to  permit 
the  entry  of  germ  tubes. 

According  to  Loftfield  (^<5),  the  stomatal  movements  in  cereals  fol- 
low a  definite  daily  rhythm.  He  found  that  under  favorable  condi- 
tions the  stomata  open  at  sunrise  or  soon  after,  remain  open  during 
the  morning,  close  gradually  during  the  late  afternoon,  and  then 
remain  closed  all  night.  If  conditions  are  unfavorable,  most  of  the 
stomata  remain  closed  during  the  day  or  are  only  partially  open  for 
an  hour  or  so  after  sunrise.  Night  opening  does  not  occur  under 
ordinary  conditions,  favorable  or  unfavorable. 

Allen  (7),  while  studying  the  early  stages  of  infection  of  Puecinia 
tHticina  on  Little  Club  wheat,  found  that  in  material  fixed  in  the 
morning  many  of  the  germ  tubes  had  just  entered  the  host  and  formed 
tlie  substomatal  vesicles.     In  the  matei'ial  fixed  in  the  afternoon  she 
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found  that  infection  was  always  more  advanced,  and  most  of  the 
substomatal  vesicles  had  sent  out  infecting  hyphae.  She  suggested 
that  this  daily  rhythm  might  be  due  to  the  fact  that  the  time  of 
entrance  is  conditioned  by  the  daily  stomatal  movements  of  the  host 
and  that  entrance  waits  upon  the  natural  opening  of  a  stoma  rather 
than  upon  mechanical  force  or  chemical  action. 

Allen  (6,  p.  720)  also  has  reported  that  only  a  certain  percentage 
of  the  germ  tubes  that  form  appressoria  over  the  stomata  actually 
gain  entrance  to  the  host.  In  studying  the  behavior  of  three  physio- 
logic forms  of  Puocinia  grmninis  tntici  on  Khapli  emmer  she  found 
that— 

The  appressoria  of  all  three  forms  of  the  fungus  secrete  some  substance,  which, 
if  present  in  sufficient  amount,  penetrates  and  kills  the  guard  cells  and  alters 
their  walls.  So  far  as  can  be  judged  by  appearances,  it  is  the  same  substance 
in  all  three,  but  varies  in  quantity  *  *  *.  On  comparing  the  percentage  of 
entries  with  the  degree  of  stomatal  injury,  it  is  to  be  noted  that  where  injuries 
are  least  serious  the  entries  are  greatest  in  number. 

In  these  cases  it  is  probable  that  the  stomata  closed  as  soon  as  the 
substances  penetrated  and  killed  the  guard  cells.  Any  outside  in- 
fluence which  aifects  the  guard  cells  and  decreases  their  turgor  tends 
to  close  the  opening  between  them. 

The  writer  (20)  has  found  that  the  rhythm  of  stomatal  movements 
fluctuates  somewhat  in  different  wheat  varieties,  although  it  follows 
the  general  trend  of  the  rhythm  as  determined  for  the  cereals  as  a 
class.  The  stomata  of  cereals  are  always  closed  at  night.  Light  is 
the  most  important  stimulus  for  opening,  but  the  stomata  of  some 
varieties  respond  to  the  stimulus  very  quickly,  while  those  of  other 
varieties  respond  slowly.  A  study  of  stomatal  behavior  in  the  upper 
Mississippi  Valley  durmg  the  early  morning  hours,  immediately  after 
sunrise,  indicates  that  a  large  proportion  of  germinating  rust  spores 
will  gain  entrance  to  some  varieties  and  prove  very  effective  inoculum, 
while  on  other  varieties  the  majority  of  germ  tubes  will  be  excluded 
and  only  relatively  few  will  enter  and  infect  the  host.  The  spores 
may  germinate  at  any  time  during  the  night,  if  temperatures  are 
favorable,  because  the  necessary  moisture  usually  is  supplied  by  heavy 
dews  during  the  growing  period  in  the  upper  Mississippi  Valley. 
The  dew  remains  on  the  plants  for  a  considerable  time  after  sunrise, 
so  that  conditions  often  are  ideal  for  spore  germination  and  survival 
of  germ  tubes.  Although  many  spores  may  germinate  during  the 
night,  none  of  the  germ  tubes  can  enter  the  host  until  the  stomata 
open  the  following  morning.  Thus  the  critical  period  for  infection 
is  the  time  between  sunrise  and  the  disappearance  of  the  heavy  dew, 
after  which  the  delicate  fungus  germ  tubes  on  the  plant  surfaces 
perish.  If  the  stomata  respond  quickly  to  the  stimulus  of  light  and 
open  soon  after  sunrise,  there  is  a  longer  period  during  which  infec- 
tion may  take  place  than  if  the  stomata  respond  to  sunlight  slowly. 
Figure  27  shows  the  behavior  of  stomata  in  five  wheat  varieties 
during  the  early  morning  of  a  typical  July  day. 

The  stomata  of  Little  Club  opened  almost  instantly  at  sunrise. 
For  20  minutes  after  sunrise,  when  the  first  observations  were  made, 
the  stomata  were  about  half  open.  It  was  possible  for  the  germ 
tubes  of  the  rust  to  enter  Little  Club  easily  between  5  a.  m.  and 
6.20  a.  m.,  the  time  when  the  heavy  dew  ended.  Of  course,  the  dew 
disappeared  gradually  and  the  plants  were  not  thoroughly  dry  until 


52        TECHNICAL  BULLETIN   2  6  6,  U.  S.  DEPT.  OF  AGRICULTURE 

about  8.20  a.  m.,  so  that  the  period  for  infection  probably  extended 
beyond  the  disappearance  of  the  heavy  dew.  It  is  impossible  to 
say  whether  the  period  was  one  and  one-half  hours  or  three  hours, 
but  it  was  long  enough  for  a  large  number  of  germ  tubes  to  effect 
entry.  The  stomatal  behavior  in  Quality,  Keward,  and  Early  Baart 
is  similar  to  that  in  Little  Club.  The  stomata  open  very  quickly  in 
the  morning  and  there  is  a  relatively  long  and  favorable  infection 
period. 

The  stomata  of  Marquis  open  a  little  less  rapidly  than  those  of 
Little  Club,  and  at  20  minutes  after  sunrise  the  openings  appear  as 
narrow  slits,  which  probably  are  too  narrow  for  the  germ  tubes 
to  penetrate.  At  the  next  observation  period,  40  minutes  after  sun- 
rise, the  stomata  were  about  half  open,  in  condition  for  the  admit- 
tance of  germ  tubes.  Thus  in  Marquis  the  period  favorable  for 
infection  was  only  slightly  shorter  than  in  Little  Club.  Other 
varieties  with  stomatal  behavior  similar  to  that  of  Marquis  are 
Haynes  Bluestem,  Ruby,  Ceres,  Arnautka  (C.  I.  1493),  and  Mindum. 


l/ff/e  Cfub 


M^r^gfu/s' 


wo«x 


Hope 


iVebsfer 


T//r?e^  a.m. 
S.SO         €./0  6.30 

fne/  of  \ 


xxxyy 


^^xwv^ggss; 


X>W<XlK>0lft05 


^fg/lfiA>se<f  BSg/Kyz-zg/*^  j/zt  ^=\//a/r ope/?  |      \Ofic/? 

e/n/yers;fy  f^rm  Oom////or?  ors/omff/H^  0/7  tvAeay^  /V?  r/e/<y 

St.  Pau/,Ju/y  3.  /928 

Figure  27. — Stomatal  behavior  in  the  field  in  five  varie- 
ties of  wheat — Little  Club,  Marquis,  Hope,  Kota,  and 
Webster — during  the  period  immediately  after  sunrise 

The  stomata  of  the  other  varieties  observed  responded  to  light 
more  slowly.  The  stomata  of  Kota,  Webster,  and  Hope  were  closed 
when  the  first  observations  were  made  and  they  did  not  begin  to 
open  until  some  time  after  5.30  a.  m.  At  5.50  a.  m.  most  of  the 
openings  in  these  three  varieties  were  only  narrow  slits,  but  by  ,6.10 
a.  m.  the  stomata  in  Kota  were  about  half  open.  From  Figure  27 
it  is  evident  that  the  stomata  of  Kota  were  suitable  for  germ  tube 
entry  just  a  short  time  before  the  end  of  the  heavy  dew.  The  period 
for  infection  may  have  been  about  15  minutes,  or  it  may  have  been 
between  one  and  one-half  and  two  hours.  In  any  case  it  was  a  much 
shorter  period  than  that  of  either  Little  Club  or  Marquis. 

The  stomata  of  Webster  and  Hope  opened  even  more  slowly  than 
those  of  Kota.  At  6.10  a.  m.  these  stomata  were  only  narrow  slits, 
and  they  did  not  open  far  enough  to  permit  infection  until  near  the 
disappearance  of  the  heavy  dew.  If  most  of  the  germ  tubes  per- 
ished when  the  dew  began  to  disappear,  there  was  almost  no  time 
during  which  the  stomata  w^ere  sufficiently  open  for  the  passage 
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of  germ  tubes.  Even  though  the  germ  tubes  remained  viable  after 
the  end  of  the  heavy  dew,  the  period  during  which  infection  was 
possible  is  very  short  when  compared  with  the  same  period  for 
Little  Club. 

It  is  seen,  therefore,  that  certain  Avheat  varieties  may  escape 
stem-rust  infection  because  of  their  characteristic  stomatal  behavior. 
Such  varieties  are  said  to  possess  a  "  functional  resistance  "  to  stem 
rust.  The  functional  resistance  may  vary  in  different  seasons  and 
in  different  localities,  but  in  some  varieties  it  is  remarkably  con- 
stant and  probably  accounts  for  the  marked  field  resistance  of  those 
Avheats. 

Velvet  Don  (C.  I.  1445)  has  been  resistant  to  stem  rust  at  Uni- 
versity Farm  every  season  since  1909.  Not  more  than  a  trace,  or 
occasionally  5  to  10  per  cent,  of  rust  develops  on  it  in  the  field,  in 
spite  of  the  fact  that  it  is  highly  susceptible  to  some  of  the  rust  forms 
actually  present  in  abundance  in  the  field.  The  stomatal  behavior  in 
this  variety  is  similar  to  that  in  Webster  and  Hope,,  so  that  Velvet 
Don  probably  possesses  a  functional  resistance  and  stem  rust  seldom 
gets  inside  this  variety  when  it  is  growing  in  the  field.  Greenhouse 
experiments  give  further  evidence  that  the  resistance  of  Velvet  Don 
is  functional.  When  seedlings  of  this  variety  are  inoculated  in,  the 
greenhouse  with  Puccinia  gramuriis  triticl  form  21,  a  type-4  infection 
results,  indicating  great  susceptibility  to  that  form.  When  inocula- 
tions are  made  later  on  plants  in  the  4-leaf  stage,  in  the  boot  or  after 
heading,  excellent  infection  results,  an  abundance  of  rust  pustules 
develop,  and  there  is  no  indication  of  resistance.  (Fig.  28.)  In  the 
greenhouse  the  older  plants  are  kept  in  the  moist  chamber  for  three 
days  after  inoculation,  and  during  that  period  there  probably  is  con- 
siderable time  in  Avhich  the  stomata  are  open  and  germ  tubes  are 
entering  the  plants.  In  the  field  form  21  is  very  often  present,  but 
the  periods  of  stomatal  opening  probably  do  not  coincide  with  the 
periods  favorable  for  spore  germination  and  growth  of  germ  tubes. 
The  functional  resistance  of  Velvet  Don  has  been  very  effective  at 
University  Farm.  Whether  it  would  be  effective  under  different 
conditions  is  uncertain,  as  this  type  of  resistance  in  other  varieties 
sometimes  is  more  effective  in  one  locality  than  in  another. 

There  is  great  variation  in  the  percentage  of  stem  rust  on  Webster 
wheat.  In  the  uniform  rust  nursery  at  University  Farm  only  5  to 
10  per  cent  of  stem  rust  developed  on  Webster  in  1927.  On  the  sand 
experimental  plots  at  Coon  Creek,  Minn.,  there  was  60  to  90  per  cent 
of  infection  in  1927,  but  the  pustules  were  all  relativel}^  small  and  a 
great  majority  of  them  never  ruptured  the  epidermis,  because  Web- 
ster possesses  a  morphologic  and  a  protoplasmic  resistance  to  rust  as 
well  as  a  functional  one.  Stomatal  behavior  was  not  studied  at 
Coon  Creek,  but  it  is  certain  that  a  great  many  more  entries  were 
effected  there  than  at  University  Farm. 

Likewise,  the  percentage  of  stem  rust  on  Kota  varies  according  to 
locality.  In  some  of  the  uniform  rust  nurseries  the  percentage  of 
infection  on  Kota  is  very  high,  while  in  other  nurseries  only  a  small 
percentage  of  rust  develops  on  this  variety.  In  1927  there  was  28  to 
35  per  cent  of  stem  rust  on  Kota  at  Madison,  Wis.,  and  38  to  75  per 
cent  at  Morris,  Minn.  In  the  same  year  there  was  only  1  to  2  per 
cent  of  stem  rust  on  Kota  at  Manhattan,  Kans.,  and  4  to  10  per  cent 
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at  Fargo,  N.  Dak.  Bust  forms  to  which  Kota  is  highly  susceptible 
were  present  at  all  places,  for  forms  18  and  21  were  identified.  Never- 
theless, the  percentage  of  infection  varied  greatly  and  stomatal  be- 
havior may  have  been  responsible  for  some  of  the  differences. 

Infection  on  Kota  varies  also  from  season  to  season.  At  University 
Farm  infection  on  Kota  ranges  from  a  trace  to  about  33  per  cent. 
In  1919,  1921,  and  1922  only  a  trace  of  rust  was  reported  on  Kota; 
in  1925  and  1927  there  was  between  12  and  20  per  cent,  and  in  1920 
there  was  about  33  per  cent.  Some  of  this  variation  may  have  been 
due  to  the  absence  of  virulent  physiologic  forms  of  rust,  but  it  is 
possible  that  stomatal  behavior  also  was  important.  In  many  seasons 
Kota  is  almost  free  from  stem  rust,  there  is  verv  little  evidence  of 


Figure  28. — Diagrams  of  cross  sections  of  Velvet  Don  infected  with  Pucoinia  gram- 
inifi  tritici  form  21 :  A,  Leaf  blade ;  B,  peduncle  2  inches  below  the  head ;  C, 
peduncle  just  below  head.      X    22 

mycelial  infection,  and  the  functional  resistance  of  Kota  seems  to  be 
operative.  In  other  seasons  there  are  numerous  infections  on  Kota, 
and  stomatal  behavior  seems  to  be  ineffective  in  excluding  the  rust. 

The  same  variability  in  number  of  infections  is  evident  in  Khapli 
emmer.  Khapli  has  a  marked  protoplasmic  resistance  to  all  forms  of 
stem  rust  yet  found  in  the  United  States,  but  if  the  stomata  are  open 
it  is  possible  for  Pucoinia  grcominis  tritici  to  enter  a  resistant  host 
as  easily  as  it  enters  a  highly  susceptible  one.  The  stomatal  behavior 
of  Khapli  in  some  seasons  is  such  that  the  rust  is  excluded  entirely. 
In  others  a  large  number  of  germ  tubes  enter  and  the  mycelial  in- 
vasions are  numerous.  As  fruiting  pustules  usually  are  not  formed,  a 
cursory  field  examination  of  Khapli  reveals  no  evidence  of  the  in- 
fection. The  mycelium  develops  enough  so  that  the  epidermis  is 
distended,  and  if  the  culm  is  drawn  between  the  thumb  and  fore- 
finger the  surface  feels  uneven  and  bumpy.    If  a  microscopic  exami- 
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nation  be  made  the  mycelium  may  be  seen  in  the  chlorophyllous 
tissues.  In  some  years  this  type  of  infection  is  very  usual  on  Khapli. 
In  other  years  the  germ  tubes  are  unable  to  enter  and  the  emmer  is 
free  from  rust. 

Stomatal  behavior  has  been  studied  in  some  of  the  wheat  hybrids 
that  have  been  grown  and  tested  for  their  resistance  to  stem  rust  at 
University  Farm.  A  number  of  crosses  have  been  made  in  which  one 
parent  possesses  a  marked  functional  resistance  to  stem  rust,  while 
the  other  parent  has  none.  If  the  functional  resistance  is  transmitted 
to  the  new  individuals,  then,  under  field  conditions,  the  hybrids 
usually  will  be  resistant  to  all  forms  of  Puccinia  graminis.  A  few 
observations  were  made  to  ascertain  if  there  was  any  correlation  be- 
tween stomatal  behavior  and  the  rust  resistance  of  the  selected  hybrid 
lines. 
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FiGUEB  29. — Stomatal  behavior  in  the  field  of  several  hybrid  wheats  and  their  parents 


Goulden  {19)  discusses  the  inheritance  of  "  mature  plant  resist- 
ance "  in  hybrid  wheats  and  suggests  that  it  offers  much  greater 
possibilities  in  the  production  of  resistant  varieties  than  the  building 
up  of  protoplasmic  resistance  by  a  complicated  series  of  crosses. 

The  stomatal  behavior  of  four  F5  hybrid  lines  of  a  Marquis  X 
H  41  24  cross  was  compared  with  that  of  the  two  parents.  Marquis 
generally  is  susceptible  to  rust  in  the  field,  while  H  44  24  has  a  de- 
cided functional  resistance,  being  similar  in  this  respect  to  its  sister 
selection,  Hope.  As  may  be  seen  in  the  graph  of  Figure  29,  A,  the 
stomatal  movements  in  the  four  hybrids  resembled  stomatal  move- 
ments of  the  H-44-24  parent  rather  closely;  not  one  hybrid  had  a 
tendency  to  behave  like  Marquis  in  this  respect.  Evidently  when  the 
selections  were  made  all  of  the  hybrid  lines  chosen  for  propagation 
possessed  a  functional  resistance.  The  stomatal  behavior  did  not 
seem  related  to  the  morphologic  type  of  the  hybrids,  for  hybrids 
509  and  512  seemed  to  be  Marquis  types,  while  hybrids  508  and  513 
resembled  H-44-24. 
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Seven  hybrid  lines  of  an  H-44-24  X  Marquis  cross  also  were 
studied.  They  were  in  the  F4  generation,  four  of  them  closely 
resembling  the  H-44-24  parent  morphologically,  while  two  of  them 
were  distinct  Marquis  types,  and  one  line  apparently  was  still  segre- 
gating for  awns  and  other  head  characters.  Figure  29,  C  and  D, 
illustrates  stomatal  behavior  in  these  hybrid  lines  and  in  the  parent 
lines  on  two  days  in  July,  1929.  The  two  days  differed  in  several 
respects,  and  particularly  in  sunlight  and  relative  humidity.  The 
cloudiness  and  lower  relative  humidity  of  July  11  delayed  25  to  60 
minutes  the  opening  of  stomata  in  nearly  all  h^^brids  and  their  par- 
ents. Marquis,  and  H-44-24.  Thus,  on  that  date,  Marquis  and 
hybrid  564  were  the  only  lines  in  which  the  stomata  may  have  been 
open  early  enough  to  permit  even  a  few  germ  tubes  to  enter  before 
6.30  a.  m.,  at  which  time  the  plants  were  almost  dry.  (Fig.  29,  C.) 
Stomata  of  the  H-44-24  parent  and  six  hybrids  were  closed  or  but 
slightly  open  until  after  the  moisture  had  disappeared.  On  July  15, 
a  day  of  sunshine  and  fairly  high  relative  humidity,  the  stomata 
opened  earlier  and  in  all  cases  may  have  permitted  germ-tube  entry. 
The  stomata  of  Marquis  were  open  for  the  longest  period  before  the 
disappearance  of  the  dew,  but  none  of  the  hybrids  behaved  like 
Marquis.  Hybrids  564,  599,  602,  566,  and  598  seemed  to  take  an 
intermediate  position  between  the  parents.  Marquis  and  H-44-24, 
with  regard  to  functional  resistance,  because  their  stomata  were  half 
open  about  40  minutes  later  than  those  of  Marquis  and  about  15 
minutes  earlier  than  those  of  H-44-24.  The  stomata  of  hybrids  565 
and  597  and  the  parent  H  11  24  were  open  almost  an  hour  later  than 
those  of  Marquis,  so  that  these  wheats  were  exposed  to  rust  infection 
for  a  relatively  short  period.  Here  again  there  seemed  to  be  no 
correlation  between  stomatal  behavior  and  morphologic  type. 

When,  however,  a  few  of  the  Fg  hybrids  of  Marquis  X  Webster 
were  studied,  there  was  one  line  (hybrid  3638)  whose  stomata  be- 
haved very  much  like  those  of  Marquis.  (Fig.  29,  B.)  It  happened 
that  this  hybrid  also  resembled  Marquis  morphologically,  while  the 
other  hybrids  appeared  to  be  like  Webster  or  were  still  segregating 
for  head  characters.  From  the  observations  of  July  16  it  seems  that 
hybrids  3637,  3639,  and  3643,  and  the  parent  Webster  have  a  func- 
tional resistance.  Their  stomata  were  in  the  narrow-slit  stage  at 
the  end  of  the  heavy  dew ;  and  those  of  Webster  opened  later  than 
all  the  rest.  Unfortunately,  none  of  the  Marquis  X  Webster  hybrids 
were  promising  enough  to  be  selected  for  further  propagation. 

A  functional  resistance  may  explain  some  of  the  *"'  mature  plant 
resistance  "  in  certain  wheat  varieties.  Most  of  the  evidence  of  a 
mature  plant  resistance  has  been  based  on  the  field  reactions  of 
mature  plants,  but  it  is  necessary  that  the  phenomenon  be  studied 
under  more  controlled  conditions.  Stomatal  behavior  undoubtedly 
is  the  cause  of  the  mature  plant  resistance  in  Velvet  Don,  as  has 
been  concluded  from  the  greenhouse  studies.  Such  is  the  case  with 
Kota  and  Ceres,  also,  for  the  mature  plants  of  these  varieties  are 
easily  infected  in  the  greenhouse  and  seem  to  acquire  no  resistance 
to  the  rust  forms  to  which  they  were  susceptible  as  seedlings. 
Khapli  also  has  been  grown  in  the  greenhouse  and  inoculated  at 
different  stages  of  growth  to  determine  whether  the  older  plants 
developed   a  resistance   to  Pucoinia  grmninis   tritici   form   41,   an 
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Egyptian  xorm  to  which  Khapli  seedlings  are  highly  susceptible. 
The  seedlings  gave  a  type-4  reaction,  and  the  plants  were  again 
inoculated  when  they  were  in  the  boot,  and  once  more  immediately 
after  heading.  The  inoculum  was  applied  with  flattened  steel  needles 
to  certain  definite  areas  rather  than  being  scattered  promiscuously 
by  dusting  the  mature  plants  with  other  rusted  plants. 

Inoculated  seedlings  are  usually  left  in  the  moist  chamber  for  aboul 
48  hours  after  inoculation,  but  the  older  plants  were  left  for  72 
hours  in  order  to  be  reasonably  sure  that  a  large  portion  of  the  germ 
tubes  entered  the  stomata.  Rust  notes  were  read  three  weeks  after 
inoculation,  because  the  pustules  develop  more  slowly  on  the  older 
plants  than  on  the  delicate,  succulent  seedlings.  Figure  17  illus- 
trates the  results  of  the  inoculations  on  the  mature  plants.  Pustules 
developed  on  all  inoculated  parts,  peduncle,  leaf,  leaf  sheath,  glumes, 
and  awns.  In  all  sectioned  material,  morphologic  resistance  to  stem 
rust  was  evident,  for  the  pustules  were  well  separated  by  the 
sclerenchymatous  tissues.  In  some  cases  it  was  easy  to  see  that  the 
rupture  of  the  epidermis  was  a  difficult  process.  Form  41  is  a 
virulent  rust  form,  however,  and  it  could  be  seen  that  infection 
occurred  in  every  collenchyma  strand  facing  on  the  side  of  the  culm 
that  was  covered  by  the  inoculating  needle.  There  was  no  evi- 
dence of  the  so-called  mature  plant  resistance. 

Stomatal  behavior  in  wheats  may  not  explain  all  cases  of  mature 
plant  resistance,  however,  because  Johnston  and  Melchers  (^J)  havo 
recently  studied  the  relation  of  age  of  wheat  plants  to  infection  by 
Puccinia  trlticijia  and  found  that  certain  varieties  were  definitely 
more  resistant  in  the  heading  than  in  the  seedling  stage.  Their 
work  was  done  in  the  greenhouse,  and,  although  their  plants  were 
left  in  moist  chambers  for  only  48  hours,  the  finigus  appeared  to 
have  entered  the  plants  without  difficulty.  The  notes  were  taken 
14  to  16  days  after  inoculation,  but  pustules  seemed  to  be  fully 
developed  on  those  plant  parts  which  they  considered  susceptible. 
The  resistant  mature  plants  often  were  only  flecked  and  in  many 
cases  when  pustules  developed  there  was  a  good  deal  of  necrosis. 
They  also  found  that  the  younger  leaves  of  a  mature  plant  usually 
were  more  resistant  to  leaf  rust  than  the  older  leaves  of  that  plant. 
They  believed  that  the  change  from  susceptibility  in  the  seedling 
stage  to  resistance  at  heading  time  was  due  to  differences  in  the 
chemistry  or  physiology  of  the  young,  active  leaves. 

In  the  case  of  stem-rust  resistance  at  University  Farm,  there 
seems  to  be  a  very  high  correlation  between  functional  resistance  due 
to  stomatal  behavior  and  the  general  field  reaction  of  a  variety. 
(Table  7.)  Almost  all  of  the  wheat  varieties  possess  protoplasmic 
resistance  to  one  or  more  rust  forms.  Certain  varieties  also  possess 
morphologic  resistance,  and  this,  whether  the  host  has  protoplasmic 
susceptibility  or  resistance,  accounts  for  the  limitation  of  the  fungus 
after  it  enters  the  plant.  A  few  varieties  are  generally  resistant 
and  often  free  from  rust  in  the  field,  in  spite  of  the  fact  that  they 
may  have  no  protoplasmic  resistance  and  no  marked  morphologic 
lesistance  to  the  form  of  rust  present.  Stomatal  behavior  has  been 
studied  in  some  of  these  peculiar  varieties  and  it  has  been  concluded 
that  their  general  freedom  from  rust  in  the  field  is  due  to  functional 
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resistance  based  on  stomatal  behavior.  The  most  generally  resistant 
wheats,  Webster,  Hope,  Acme,  and  Velvet  Don,  and  Khapli  emmer 
probably  have  all  three  types  of  resistance,  so  that,  even  if  stomatal 
behavior  becomes  ineffective  as  a  means  of  resistance  in  some  seasons 
or  in  some  localities,  the  protoplasmic  reactions  and  the  structures 
of  the  host  may  protect  it  from  severe  attack.  A  functional  resist- 
ance is  not  a  selective  one  but  operates  against  all  forms  of  rust. 
It  probably  is  a  more  effective  type  of  resistance  than  a  morphologic 
or  a  moderate  protoplasmic  resistance. 

Table  7. — Bum^mary  of  the  different  types  af  rust  resistance  possessed  by  some 
wheat  varieties  and  the  correlation  between  their  stomatal  behavior  and  their 
general  host  reaction  to  stem  rust  when  grown  in  the  field  at  University 
Farm,  St.  Paul,  Minn.,  in  1928 


Stomatal  opening  and  variety 


Rapid : 

Little  Club 

Quality 

Early  Baart 

Reward 

Moderately  rapid: 

Marquis 

Haynes  Bluestem 

Ruby 

Ceres 

Arnautka 

Mindum. 

Moderately  slow : 

Kota 

Marquillo 

Kubanka 

Khapli 

Slow: 

Webster 

Hope 

Velvet  Don 

Acme 


Types  of  resistance 


Func- 
tional 


Mor- 
pho- 
logic 


Proto- 
plas- 
mic 


Host  reac- 
tion in  the 
field  1 


S.  or  R. 

S.  or  R. 
S.  or  R. 
S.  or  R, 
MS.  or  R. 
S.  or  R. 
S.orR. 

MS.  or  R. 
MS.  or  R. 
S.orR. 
R. 

R. 
R. 
R. 
R. 


1  S.  =  Susceptible;  MS.= moderately  susceptible;  R.= resistant. 

Abbott  (i,  ^)  has  reported  that  Webster,  Hope,  and  Khapli  were 
rusted  severely  in  Peru  in  1928  and  1929,  Hope  being  so  severely 
injured  that  the  grain  was  badly  shriveled.  Apparently  morphologic 
resistance  did  not  afford  complete  protection  against  rust,  for  in 
Khapli,  although  each  pustule  was  relatively  small,  the  pustules  were 
so  numerous  on  the  culms  that  they  coalesced  and  completely  girdled 
the  stem.  The  evidence  obtained  in  Peru  indicates  that  extremely 
virulent  forms  of  Puccinia  gi^aimnis  triticl  are  present  and  that  in 
all  the  wheats  and  emmers  tested  functional  resistance  due  to  stomatal 
behavior  was  not  effective.  Abbott  pointed  out,  however,  that  envi- 
ronmental conditions  in  Peru  are  especially  favorable  for  the  develop- 
ment of  stem  rust.  Under  such  extreme  conditions  of  high  humidity 
and  favorable  temperature  it  therefore  is  probable  that  morphologic 
and  functional  resistance  do  not  protect  plants  so  completely  as  under 
ordinary  conditions. 
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UNEVEN  OR  ONE-SIDED  INFECTION  OF  PEDUNCLES  IN  THE  FIELD 

During  the  past  few  years  it  often  has  been  observed  that  one  side 
of  a  wheat  culm  may  be  severely  rusted  and  covered  with  numerous 
stem-rust  pustules,  while  the  other  side  is  almost  free  from  rust, 
with  only  a  few  scattered  pustules.  A  large  number  of  these  unevenly 
rusted  peduncles  were  sectioned  with  the  thought  in  mind  that  the 
morphology  might  vary  sufficiently  in  the  two  halves  of  some  stems 
to  account  for  the  restriction  of  the  rust.  The  collenchyma  areas 
varied  somewhat,  and  occasionally  those  of  one-half  of  the  peduncle 
were  broad  and  extensive  while  those  of  the  other  half  were  broken 
up  into  several  smaller  strands.  But  that  half  of  the  stem  with  broad 
collenchyma  strands  was  not  always  the  severely  rusted  half.  Often 
the  rusted  half  had  fewer  and  smaller  collenchyma  strands  than  the 
nonrusted  half.  In  the  great  majority  of  these  unevenly  rusted 
peduncles  the  structure  of  the  pne  half  was  approximately  the  same 
as  that  of  the  other  half  and  there  was  no  indication  that  the  mor- 
phology of  the  host  was  responsible  for  the  one-sided  rust  infection. 

Later,  Stakman  and  Aamodt*^  noticed  that  the  north  side  of  the 
culm  usually  was  severely  infected  by  rust,  while  the  south  side 
sometimes  remained  relatively  free  from  rust.  The  cases  of  uneven 
infection  often  were  numerous  in  the  awnless  wheats,  but  they  were 
very  infrequent  in  the  awned  varieties.  These  field  observations  sug- 
gested that  intensity  of  sunlight  might  be  concerned  in  the  problem. 
The  south  side  of  the  peduncle  is  exposed  to  the  sunlight  all  day 
long,  while  the  north  side  usually  is  protected  and  in  the  shade  most 
of  the  time.  The  awns  of  certain  varieties  might  have  a  shading 
effect  on  the  culms  so  as  to  permit  an  even  rust  infection  all  around 
the  stem. 

There  was  a  possibility  that  the  south  side  of  the  stem  was  scalded 
during  periods  of  intense  sunlight  and  heat,  for  the  uneven  infec- 
tions generally  were  noticed  after  hot,  sunshiny  weather.  In  this 
case  part  of  the  tissues  might  be  destroyed,  so  that  rust  could  not 
develop,  or  the  guard  cells  of  the  stomata  might  cease  to  function 
and  thereby  exclude  the  germ  tubes  of  the  rust.  The  north  side  of 
an  unevenly  rusted  culm  often  remains  green  longer  than  the  south 
side,  which  loses  its  chlorophyll  and  turns  yellow.  The  stomata 
remain  closed  on  the  yellowed  half  of  the  culm,  but  whether  they 
cease  to  function  before  the  tissues  yellow  has  not  been  determined. 

It  seemed  possible  that  the  north  side  of  the  culms  might  fur- 
nish  a  food  supply  more  favorable  to  the  production  of  rust 
pustules  than  the  south  side.  The  sugar  contents  of  the  north  and 
south  halves  of  stems  were  determined  to  see  whether  there  were 
differences  in  this  respect.  The  samples  were  collected  at  2  p.  m. 
from  Marquis  and  Marquillo  checkrows  scattered  throughout  the 
uniform  rust  nursery.  The  peduncles  were  split  lengthwise  as  they 
were  collected.  Samples  were  taken  of  green  nonrusted  and  green 
unevenly  rusted  material  and  of  scalded  stems  that  had  turned  yellow 
on  the  south  side.  Each  sample  was  analyzed  for  reducing  sugars 
and  for  nonreducing  sugars,  but  the  results  were  not  entirely  satis- 
factory. The  wheat  peduncles  contained  very  little  sugar  and  there 
were  no  appreciable  or  significant  differences  in  the  percentages  of 

"  Unpublished  data. 
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reducing  or  total  sugars  in  the  samples  used.  It  is  possible  that  the 
sugars  are  not  so  important  in  fungus  nutrition  as  some  of  the  other 
materials  such  as  proteins  or  pentosans. 

EFFECT  OF  OTHER  DISEASES  ON  RESISTANCE  OF  WHEAT  TO 

STEM  RUST 

There  is  a  possibility  that  the  rust  resistance  of  cereals  breaks 
down  when  the  normal  metabolism  of  a  host  is  interfered  with,  espe- 
cially if  that  host  is  attacked  by  other  pathogenes.  Stakman,  Pie- 
meisel,  and  Levine  (4^)  have  reported  that  the  physiologic  forms  of 
PuGcinia  g^'orniUmis  are  remarkably  constant  and  do  not  gradually 
adapt  themselves  to  resistant  or  semicongenial  hosts.  They  state 
that  there  is  no  evidence  that  the  pathogenicity  of  rust  forms  is 
easily  changed  by  host  influence.  Hayes  and  Stakman  (^i),  in  re- 
porting on  the  constancy  of  stem-rust  forms  from  the  standpoint 
of  plant  breeding,  stated  that  hybrid  wheats  did  not  increase  the 
infection  capabilities  of  rust.  The  Fg  families  of  a  Kanred  X  Mar- 
quis cross  continued  to  be  immune  from  rust  after  they  had  been 
proved  homozygous  for  rust  immunity  in  greenhouse  tests.  The 
majority  of  workers  now  are  probably  agreed  that  the  protoplasmic 
rust  resistance  of  a  wheat  variety  can  not  be  broken  down  by  the 
application  of  fertilizers,  and  that  any  increased  rust  infection  in 
the  field  attendant  on  nitrogenous  fertilizers  probably  is  produced 
indirectly.  The  important  factors  seem  to  be  increased  density  of 
stand  and  lodging  and  delayed  maturity  rather  than  a  change  in  the 
protoplasmic  reaction  to  rust. 

On  the  other  hand,  there  have  been  a  few  reports  of  the  apparent 
loss  of  resistance  to  rust.  Lang  {26)  believed  that  bunt  infection 
usually  renders  wheat  plants  more  susceptible  to  yellow  rust,  and 
Armstrong  {10)  reported  a  disturbance  in  the  resistance  to  yellow 
stripe  rust  in  hybrids  derived  from  a  cross  between  Wilhelmina  and 
American  Club.  Seventeen  of  the  F2  plants  were  free  from  rust  in 
the  field  in  1918  and  were  considered  "  genetically  immune."  The  F3 
plants  from  these  17  were  slightly  to  moderately  rusted  in  1919,  a 
season  very  favorable  for  stripe  rust,  and  a  few  of  the  plants  were 
badly  rusted.  Later  it  was  found  that  some  of  the  badly  rusted  indi- 
viduals also  were  infected  with  bunt,  and  it  was  thought  that  the 
bunt  had  broken  down  the  rust  resistance.  Armstrong,  however,  was 
of  the  opinion  that  the  resistance  of  a  plant  varied  somewhat  with 
its  physiologic  condition. 

Later,  Weston  {52)  also  reported  an  apparent  loss  of  resistance  to 
yellow  stripe  rust  in  some  bunt-infected  Little  Joss  wheat.  Little 
Joss  is  a  hybrid  endowed  with  the  stripe-rust  resistance  of  its  Ghirka 
parent,  which  is  only  slightly  susceptible  to  Puecinia  glumar^um  in  its 
later  stages  of  growth.  In  years  when  yellow  rust  is  severe  in 
England  the  young  leaves  of  Little  Joss  plants  sometimes  are 
infected  early  in  the  season.  Later,  as  the  plants  develop,  they 
"grow  away''  from  the  disease  and  only  occasional,  subepidermal 
pustules  are  found  on  the  mature  plants.  Whether  this  resistance  is 
truly  protoplasmic  is  not  certainly  known.  It  may  be  a  field  resist- 
ance of  mature  plants  similar  to  some  cases  that  have  been  dis- 
cussed in  this  paper.  In  1925-26  at  Cambridge,  England,  all  bunted 
plants  of  this  variety  also  were  severely  rusted.     There  seemed  to 
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be  a  definite  correlation  between  tlie  two  diseases ;  wh^n  bunt  infec- 
tion was  high  the  yellow  stripe  rust  was  severe,  and  if  copper-car- 
bonate treatments  reduced  the  amount  of  bunt  the  percentage  of 
stripe  rust  was  lower.  Tilletia  triti&i  seemed  to  be  capable  of  break- 
ing down  the  stripe-rust  resistance  of  Little  Joss  in  its  later  stages. 

An  apparent  breakdown  of  stem-rust  resistance  also  has  been  noted 
at  University  Farm.  Very  often  a  large  number  of  pustules  will  ap- 
pear on  individual  plants  of  a  rust-resistant  variety  severely  infected 
with  bunt  or  with  loose  smut.  Likewise,  in  1926,  when  foot  rots 
of  wheat  were  very  prevalent  in  Minnesota,  the  affected  plants  of 
certain  varieties  seemed  rather  severely  rusted.  For  example,  Acme 
usually  is  almost  free  from  rust  at  University  Farm,  but  in  1926  it 
was  possible  to  find  in  the  plots  a  certain  small  percentage  of  severely 
rusted  plants.  At  first  glance  it  appeared  as  if  the  seed  had  been 
impure  and  that  a  plant  of  another  variety,  susceptible  to  stem  rust, 
was  growing  in  the  plot.  The  plants  were  typical  of  Acme,  how- 
ever, and  in  every  case  these  plants  also  were  severely  attacked  by 
root  rots.  There  was  a  definite  correlation  between  the  two  diseases. 
Similar  observations  have  been  made  on  Mindum,  Kota,  and  Marquis 
wheats. 

The  phenomenon  was  not  studied  in  detail  because  the  observations 
were  made  rather  late  in  the  season,  when  the  final  rust  notes  were 
being  taken.  It  is  impossible  to  say  whether  or  not  the  protoplasmic 
resistance  of  Acme  was  broken  down.  It  seems  more  probable  that 
the  rust  infection  was  due  to  the  ineffectiveness  of  the  functional 
resistance  usually  characteristic  of  Acme  in  the  field.  Apparently, 
the  breakdown  in  resistance  was  not  because  of  any  specific  fungus 
in  the  plants,  for  the  same  effect  was  produced  when  the  heads  were 
removed  about  flowering  time.  A  great  many  samples  of  different 
wheat  varieties  w^ere  taken  in  that  year  and  the  heads  and  part  of  the 
peduncle  were  clipped  for  morphologic  studies.  The  clipping  pro- 
cess was  just  as  effective  in  breaking  down  resistance  as  was  foot  rot 
or  bunt  infection.  The  same  effect  was  noticed  in  the  oat  plots  of 
the  uniform  rust  nurseries,  for  rust  was  exceptionally  severe  on 
plants  from  which  the  heads  had  been  clipped  lor  a  study  of  blast. 
The  physiologic  processes  were  undoubtedly  disturbed  by  clipping, 
and  it  is  conceivable  that  the  stomatal  behavior  might  have  been 
altered  to  such  an  extent  as  to  have  facilitated  entry  of  the  organism. 

One  controlled  experiment  was  made  in  the  greenhouse,  designed  to 
break  down  the  resistance  of  Khapli  emmer  to  Pioccima  gramims 
tritici  form  17.  The  Khapli  seedlings  give  a  type-1  reaction  with 
form  17,  so  it  may  be  safely  assumed  that  one  is  working  with  the 
stable  protoplasmic  resistance  and  not  confusing  it  with  the  morpho- 
logic or  functional  resistance  of  Khapli.  Some  of  the  heads  were 
clipped  just  as  they  were  emerging  from  the  boot,  and  the  boots, 
leaves,  and  culms  of  clipped  and  nonclipped  plants  were  inoculated 
with  form  17.  The  plants  were  kept  in  moist  chambers  for  three 
days  to  allow  the  germ  tubes  plenty  of  time  to  enter.  The  leaves 
and  boots  of  all  plants  were  flecked  slightly  and  there  was  a  good 
deal  of  local  yellowing.  Whether  this  was  due  to  rust  infection  or 
to  early  ripening  is  uncertain.  No  rust  pustules  appeared,  however, 
so  that  apparently  the  protoplasmic  resistance  of  Khapli  was  not 
broken  down  by  clipping  the  heads. 
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Field  experiments  were  made  in  1929  to  test  further  the  possibility 
of  breaking  down  rust  resistance  by  subjecting  plants  to  the  attacks 
of  other  virulent  pathogenes.  Seed  of  Anthony  oats,  a  variety  usu- 
ally resistant  to  rust  in  the  field,  in  the  United  States,  was  dusted 
so  heavily  with  spores  of  Ustilago  avenae  and  Z7.  levis  that  35  to  40 
per  cent  of  the  resulting  plants  became  smutted.  The  plants  were 
subjected  to  natural  rust  infection  only,  with  the  hope  that  there 
would  be  plenty  of  inoculum.  The  rust  infection  was  unsatisfactory, 
however,  and  the  plants  apparently  maintained  their  resistance,  as 
there  was  only  a  trace  of  stem  rust  in  the  entire  plot.  On  August  5, 
after  most  of  the  oats  in  the  field  were  thoroughly  ripe,  the  plants 
were  cut  and  the  smutted  plants  sorted  from  the  nonsmutted. 
Eighty-five  per  cent  of  the  nonsmutted  plants  had  ripened  and  were 
yellow  and  dry.  On  the  other  hand,  almost  100  per  cent  of  the 
smutted  plants  were  still  green  and  fairly  succulent.  Thus  the 
smutted  plants  might  have  been  in  condition  for  rust  infection  over 
a  longer  period  than  the  healthy  plants.  In  case  of  an  epidemic  of 
the  oat-rust  forms  it  is  probable  that  smutted  plants  might  be  more 
severely  rusted  than  the  nonsmutted,  but,  under  the  field  conditions 
at  University  Farm  in  1929,  there  was  no  indication  that  the  rust 
resistance  of  Anthony  oats  was  altered  by  the  smut  infection. 

Adjacent  to  the  plot  of  Anthony  oats  there  was  a  plot  of  Kota 
wheat  in  which  75  per  cent  of  the  plants  were  infected  with  Tilletia 
tritici  and  4  per  cent  with  Ustilago  tritic%  while  21  per  cent  remained 
healthy.  Kota  wheat  often  is  rust  resistant  in  the  field,  and  it  was 
thought  possible  that  its  resistance  might  be  broken  down  in  plants 
which  were  smutted.  On  August  5  the  smutted,  bunted,  and  clean 
plants  were  sorted  and  examined  carefully.  All  the  bunted  plants  and 
about  95  j)er  cent  of  the  clean  plants  were  yellowed  and  ripe,  but 
50  per  cent  of  those  attacked  by  Ustilago  were  still  green  and  some- 
what succulent.  Thus  Ustilago  infection  in  wheat  as  well  as  in  oats 
seemed  to  delay  ripening  and  prolonged  the  period  during  which 
plants  were  in  condition  for  rust  infection.  Tilletia  infection  in 
wheat  did  not  have  this  effect.  The  stem-rust  infection  varied  in 
the  three  lots,  there  being  only  a  trace  in  both  the  clean  and  bunted 
plants,  but  from  5  to  8  per  cent  in  those  attacked  by  Ustilago  tritici. 
Unfortunately,  the  rust  forms  that  infected  the  smutted  plants  were 
not  determined,  but  it  is  believed  they  were  forms  that  might  attack 
clean  Kota  plants  in  the  field.  Thus  the  explanation  would  not  be 
a  breakdown  in  rust  resistance,  but  increased  opportunity  for  stem- 
rust  infection  due  to  the  delayed  ripening  of  the  wheat  or  an  altera- 
tion in  its  functional  resistance. 

More  complete  experiments  and  more  detailed  observations  are 
necessary  before  the  question  can  be  settled.  There  also  must  be 
certainty  that  one  is  dealing  with  a  protoplasmic  resistance  rather 
than  with  a  morphologic  or  functional  type.  At  present  the  last 
two  types  of  resistance  are  easier  to  alter  or  overcome  experimentally 
than  is  the  protoplasmic  resistance. 

DISCUSSION 

The  problem  of  rust  resistance  evidently  is  extremely  complex. 
At  various  times  certain  ideas  have  dominated  the  concept  of  the 
nature  of  resistance,  but  all  of  these  ideas  seldom  have  been  har- 
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monized  with  all  of  the  known  facts.  Cobb  many  years  ago  con- 
cluded that  resistance  was  due  to  morphologic  characters  of  host 
plants.  He  thought  there  was  a  correlation  among  resistance  and 
the  tensile  strength  of  host  tissues,  the  number  and  size  of  stomata, 
and  the  presence  of  waxy  bloom  on  the  leaves.  This  idea  had  con- 
siderable vogue.  Then  Ward  concluded  from  his  investigations 
of  the  brown  rust  of  bromes  that  no  observable  morphologic  char- 
acters were  responsible  for  resistance.  He  suggested,  on  the  other 
hand,  that  there  was  some  sort  of  protoplasmic  antagonism  between 
resistant  host  plants  and  the  pathogene.  The  work  of  Marryat, 
Gibson,  and  Stakman  supported  this  view.  For  some  time  after 
these  investigations  resistance  was  attributed  solely  to  physiologic 
incompatibility  between  host  and  pathogene.  Stakman  and  Pie- 
meisel,  however,  suggested  in  1917  that  resistance  sometimes  might 
be  due  to  structural  characters.  Hursh  investigated  this  possibility 
quite  thoroughly  and  came  to  the  conclusion  that  morphologic  char- 
acters sometimes  were  responsible  for  resistance.  The  investigations 
of  Allen  called  attention  again  to  the  fact  that  the  size  and  number  of 
the  stomata  may  have  had  some  influence  on  resistance.  The  writer 
has  investigated  the  problem  to  discover  whether  these  various  ideas 
can  be  reconciled.  The  results  presented  in  this  bulletin  show  clearly 
that  resistance  of  gramineous  hosts  to  Puccirhla  grmiiinis  does  not 
depend  on  any  one  factor.  It  has  been  shown  that  resistance  may 
be  due  to  protoplasmic,  morphologic,  or  functional  peculiarities  of 
the  host.  Any  one  of  these  types  of  resistance,  or  any  combination 
of  the  three,  may  be  present  in  a  single  variety.  One  should  not 
generalize  too  much.  Even  the  morphologic  resistance  may  differ 
in  different  parts  of  plants  of  the  same  variety. 

The  percentage  and  distribution  of  rust-susceptible  tissue  probably 
is  of  primary  importance  in  determining  the  degree  of  morphologic 
resistance  to  rust  in  different  parts  of  plants  of  a  single  variety  and 
in  comparable  parts  of  plants  of  different  varieties.  In  the  seedlings 
of  all  wheat  varieties  examined,  only  the  vascular  bundles  and  a  few 
slender,  isolated  strands  of  sclerenchyma  cells  offer  resistance  to 
rust.  In  mature  wheat  plants  there  is  less  susceptible  tissue  than  in 
the  seedlings,  and  in  some  parts  there  is  none  at  all.  The  leaf  blade 
probably  has  more  susceptible  tissue  than  any  other  part  of  the 
mature  plant,  for  the  susceptible  mesophyll  areas,  distributed  in  large 
parallel  strands,  are  separated  from  each  other  only  by  the  vascular 
bundles  and  the  girders  of  sclerenchyma.  There  is  slightly  less 
susceptible  tissue  in  the  leaf  sheath  than  in  the  leaf  blade,  for  the 
sclerenchyma  about  the  vascular  bundles  usually  is  more  strongly 
developed.  The  susceptible  tissue  is  distributed  in  parallel  strands, 
as  in  the  blade,  but  near  the  base  of  the  leaf  sheath  one  strand  may  be 
continuous  with  the  next  at  the  periphery  of  the  culm,  because  the 
vascular  bundles  with  their  sheaths  of  sclerenchyma  are  embedded 
in  the  leaf  sheath  and  do  not  extend  to  the  surface. 

The  peduncle  of  a  plant  contains  much  less  rust-susceptible  tissue 
than  either  leaf  sheath  or  blade,  but  the  proportion  and  distribution 
of  that  tissue  differ  in  different  parts  of  the  peduncle.  The  greater 
proportion  of  susceptible  tissue  occurs  just  beneath  the  head,  and 
it  is  distributed  in  one  to  four  or  five  broad  strands  encircling  the 
peduncle.     Farther   below   the   head   the    quantity   of   susceptible 
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tissue  is  reduced  and  distributed  in  numerous  strands  that  are  ex- 
tremely narrow  in  some  varieties  and  broad  and  coalesced  in  others. 
Just  above  and  within  the  leaf  sheath  there  is  much  less  susceptible 
tissue  in  the  peduncle.  The  collenchyma  areas  are  very  small  and 
there  are  very  broad  bands  of  sclerenchyma  between  them.  The  up- 
permost portion  of  the  peduncle  always  is  susceptible  morphologi- 
cally to  rust,  the  middle  portion  may  be  either  susceptible  or  re- 
sistant, and  the  lower  portion  usually  is  resistant  morphologically. 

The  rachis  is  somewhat  similar  to  the  peduncle,  and  its  rust-sus- 
ceptible tissue  is  distributed  in  strands  around  the  convex  side  of  the 
joint.  There  is,  however,  no  susceptible  tissue  on  the  flattened  side 
of  each  joint  of  the  rachis,  so  this  part  of  the  rachis  is  immune 
morphologically  from  rust. 

There  is  some  susceptible  tissue  in  the  glume  and  in  the  awn,  but 
the  quantities  are  small  when  compared  with  those  in  the  leaf  blade 
and  the  leaf  sheath.  The  two  largest  strands  of  susceptible  tissue 
are  on  either  side  of  the  midrib  in  the  glume  and  are  continuous 
with  the  two  strands  that  run  the  length  of  the  awn.  In  the  glumes 
other  smaller  strands  run  parallel  with  the  two  principal  strands, 
but  they  are  not  so  often  rusted  as  the  central  strands. 

After  surveying  the  rust-susceptible  tissue  in  different  parts  of  the 
grass  plant,  it  is  found  that  some  parts  have  more  mechanical  restric- 
tions to  rust  development,  and  hence  more  morphologic  resistance  to 
rust,  than  other  parts.  The  seedlings  seem  to  have  no  appreciable 
morphologic  resistance,  and  in  the  mature  plants  the  base  of  the  leaf 
sheath,  the  upper  extremity  of  the  peduncle,  and  the  leaf  blade  have 
but  little.  The  lower  portion  of  the  peduncle  has  a  very  decided 
morphologic  resistance,  and  the  flattened  side  of  each  joint  of  the 
rachis  has  a  morphologic  immunity  from  rust.  There  may  be  mor- 
phologic resistance  in  the  midd.le  part  of  the  peduncle  also,  in  the 
leaf  sheath,  and  in  various  parts  of  the  head,  but  the  effectiveness  of 
such  resistance  differs  greatly  in  different  varieties  of  wheat. 

There  may  be  structural  differences  affecting  relative  susceptibility 
even  in  susceptible  tissues.  When  the  tissue  is  made  up  of  very  thin- 
walled  chlorophyllous  cells,  as  it  is  in  all  seedlings,  there  is  actually 
very  little  to  prevent  the  penetration  by  haustoria;  and  when  there 
are  many  large  intercellular  spaces,  as  is  the  case  in  seedlings,  there 
are  no  mechanical  obstacles  to  the  rapid  and  abundant  development 
of  fungus  mycelium.  However,  if  the  rust-susceptible  tissue  consists 
of  compact  collenchyma  cells  with  cellulose  walls  of  varying  thick- 
ness, as  is  the  case  in  the  peduncle,  it  is  probable  that  the  mycelium 
will  progress  more  slowly  than  it  does  in  the  tissues  of  the  seedling. 
An  extreme  effect  of  tissue  structure  on  rust  development  is  evident 
in  the  swollen  leaf  base.  This  part  of  the  plant  is  seldom  infected, 
but  on  rare  occasions  the  rust  mycelium  may  pass  from  the  base  of 
the  leaf  sheath  or  from  the  upper  extremity  of  the  lower  internode 
into  the  ground  tissue  of  the  swollen  leaf  base.  The  ground  tissue 
can  be  infected  by  the  pathogene,  but  the  cells  are  so  compactly  ar- 
ranged and  their  cellulose  walls  so  greatly  thickened  that  the  ramifi- 
cation of  hyphae  must  require  considerable  energy. 

During  the  later  stages  in  the  development  of  rust  infection,  other 
morphologic  characters  are  apt  to  be  more  important  than  the  (|uan- 
tity  and  distribution  or  the  structure  of  rust-susceptible  tissue.    When 
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the  pathogene  produces  spores  and  forms  pustules  the  structure  of  the 
epidermal  membrane  is  a  factor  to  be  considered.  The  epidermis  of 
the  seedling  is  a  delicate  membrane  composed  of  thin-walled,  only 
slightly  cutinized  cells.  It  is  easily  ruptured  by  the  expanding  pus- 
tules and  the  spores  even  may  be  pushed  out  between  the  cells  without 
lifting  a  layer  of  them.  The  epidermis  in  the  peduncle,  on  the  other 
hand,  usually  is  a  very  thick,  heavily  cutinized  membrane.  The  cell 
walls  are  extremely  thick  and  seem  to  be  as  heavily  lignified  as  the 
walls  of  the  sclerenchyma.  Obviously,  the  epidermis  of  the  peduncle 
is  much  more  resistant  to  rupture  than  that  of  the  seedling.  The 
thickness  and  the  extent  of  the  epidermis  of  the  peduncle  differ 
greatly  in  different  wheat  varieties,  and  in  some  varieties  the  resist- 
ance to  rupture  is  so  great  that  pustules  are  formed  with  difficulty 
or  not  at  all.  The  epidermis  in  the  rachis,  the  glume,  and  the  awn 
is  similar  to  that  in  the  peduncle.  In  the  leaf  blade  and  sheath,  how- 
ever, it  seems  weaker  and  less  tough.  It  is  far  thicker  than  in  the 
seedling,  and  the  cell  walls  are  thick,  but  the  degree  of  lignification 
varies  considerably.  Occasionally  the  entire  epidermis  is  composed 
of  cells  with  lignified  walls,  but  more  often  this  is  not  the  case. 
Sometimes  only  those  cells  over  the  sclerenchyma  are  lignified,  while 
those  over  the  rust-susceptible  tissue  have  thickened  cellulose  walls. 

The  epidermis  sometimes  may  be  reenf orced  by  strands  of  scleren- 
chyma cells,  resulting  in  increased  resistance  to  rupture  because  of 
thickening  of  the  membrane  or  because  of  the  separation  of  the 
wide  membrane  into  several  narrower  ones  which  act  independently 
of  each  other.  Such  reenforcements  never  occur  in  seedlings,  but  are 
extremely  common  in  the  peduncles  of  some  varieties  of  wheat. 
They  undoubtedly  contribute  to  a  morphologic  resistance  in  the 
durum  wheats  and  in  the  emmers,  but  are  of  little  importance  in  the 
common  wheats.  Keenforcing  sclerenchyma  strands  have  not  been 
found  in  the  leaf  blades  or  leaf  sheaths  of  any  of  the  wheat  varie- 
ties, but  in  einkorn  there  is  a  broad  band  of  sclerenchyma  just  below 
the  epidermis  of  the  leaf  sheath ;  hence  the  membrane  over  the  rust- 
susceptible  tissue  is  about  twice  as  thick  as  it  would  otherwise  be. 
The  nature  and  structure  of  tne  epidermal  membrane,  therefore, 
probably  are  responsible  for  considerable  morphologic  resistance  to 
stem  rust,  because  of  the  fact  that  pustules  can  not  be  formed  readily. 

In  the  peduncle  of  the  plant,  other  factors  probably  influence  some- 
what the  severity  of  rust  infection.  The  shape  and  position  of  the 
rust-susceptible  areas  may  affect  the  size  of  rust  pustules.  In  culms 
of  the  durums  and  emmers  the  width  of  the  collenchyma  bundles 
a  short  distance  beneath  the  surface  is  greater  than  that  of  the 
periphery.  Thus  the  individual  pustules  are  slightly  smaller  than 
they  would  be  if  the  radial  borders  of  the  infected  areas  were  regular 
and  approximately  perpendicular  to  the  surface  of  the  peduncle,  as 
they  are  in  the  great  majority  of  common  wheats.  It  is  probable 
also  that  it  is  harder  for  the  pathogene  to  burst  the  collenchyma 
strand  of  a  durum  than  that  of  a  common  wheat,  because  in  the  durum 
a  larger  proportion  of  the  growth  pressure  exerted  by  the  mycelial 
mass  would  be  expended  on  the  rigid  unyielding  sclerenchyma,  and 
the  narrower  epidermal  membrane  would  be  more  resistant  to  rupture 
than  the  wide  membrane  covering  the  entire  width  of  the  coUen- 
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cliyma  strand  in  the  common  wheat.  The  position  of  the  coUenchyma, 
strands  also  must  be  taken  into  consideration.  In  the  durums  and 
emmers  they  are  situated  in  longitudinal  furrows  in  the  peduncle. 
There  is  a  tendency  toward  this  condition  in  some  of  the  common 
wheats,  but  the  furrowing  of  the  stem  is  never  so  marked  as  in 
the  durums  and  emmers  in  which  the  pustules  are  likely  to  be  narrow 
because  they  are  flanked  by  prominent  ridges  of  sclerenchyma  on 
both  sides.  It  is  possible  that  these  morphologic  characters  are 
often  of  minor  importance,  but  if  the  host  plant  has  only  moderate 
protoplasmic  resistance  to  a  certain  rust  form,  the  shape  and  dis- 
position of  the  infected  areas  may  be  of  major  importance  and 
may  serve  to  emphasize  the  moderate  protoplasmic  resistance. 

The  pathogene  does  not  easily  enter  to  many  resistant  varieties 
of  wheat.  In  a  few  cases  the  exclusion  is  due  to  morphologic  causes. 
For  example,  the  epidermis  of  the  swollen  leaf  base  of  a  wheat  culm 
has  no  stomata;  consequently  the  fungus  can  not  invade  directly 
this  part  of  the  plant.  The  leaf  base  is  almost  ne^^er  rusted  in  the 
field,  but  it  is  possible  for  rust  mycelium  to  penetrate  the  tissue  of 
the  leaf  base  from  the  adjacent  infected  leaf  sheath  or  stem.  Occa- 
sionally in  the  peduncle  a  strand  of  collenchyma  is  completely  buried 
in  the  sclerenchyma,  no  ])art  of  the  strand  abuts  on  the  epidermis,  and 
there  is  no  way  for  the  fungus  to  pass  through  the  epidermis  and  the 
sclerenchyma  to  reach  the  susceptible  strand  of  collenchyma.  In 
most  cases,  however,  the  exclusion  of  the  rust  fungus  is  due  to  peculi- 
arities in  stomatal  behavior.  In  certain  wheat  varieties  the  stomata 
usually  are  closed  during  the  periods  when  the  germ  tubes  of  the 
fungus  are  ready  to  initiate  infection.  A  certain  degree  of  moisture 
and  favorable  temperatures  are  necessary  for  spore  germination, 
and  moisture  probably  is  the  prime  requisite  for  the  survival  of  the 
germ  tubes.  In  the  upper  Mississippi  Valley  there  generally  is  suffi- 
cient dew  to  enable  the  spores  to  germinate  during  the  night  or  the 
early  morning  hours.  But  when  the  dew  disappears  in  the  morning 
the  germ  tubes  shrivel  and  perish  if  they  are  exposed.  During  the 
night  the  stomata  of  the  wheat  plant  are  closed  and  they  do  not 
open  until  affected  by  the  stimulus  of  sunlight  in  the  morning.  The 
response  to  sunlight  is  rapid  in  some  varieties  and  slow  in  others. 
The  first  stages  of  rust  infection  depend  upon  the  rate  of  opening 
of  the  stomata,  for  the  germ  tubes  do  not  force  their  way  through 
closed  stomata.  In  some  varieties  the  stomata  open  so  late  and  so 
slowly  that  the  dew  disappears  and  the  germ  tubes  dry  up  before 
they  can  enter  the  host.  Such  varieties  are  functionally  resistant  to 
stem  rust,  and  this  type  of  resistance  is  about  equally  eifective  against 
all  physiologic  forms. 

Clearly,  then,  rust  resistance  may  be  due  to  several  different  factors 
operating  independently  or  in  conjunction.  This  holds  true  for 
different  varieties  and  species  of  Gramineae  and  for  different  parts 
of  individual  plants.  For  example,  Kota  wheat  has  considerable 
morphologic  resistance  because  of  the  amount  and  distribution  of 
sclerenchyma  in  the  peduncle,  but  this  is  not  true  of  Quality  wheat. 
On  the  other  hand,  although  there  are  some  varietal  differences  there 
is  relatively  little  morphologic  resistance  in  the  leaf  blade  of  Kota  or 
of  most  other  varieties,  because  the  susceptible  areas  are  relatively 
large  in  all  of  them.    For  this  reason  morphology  probably  is  rela- 


STEM-RUST   EESISTANCE    IN    CEREALS  67 

tively  unimportant  in  resistance  to  Puccinia  triticina.  In  studying 
resistance  to  this  rust  one  probably  would  decide  that  there  was  no 
effective  morphologic  resistance  in  any  variety.  It  is  always  neces- 
sary to  take  into  account  the  structural  characters  in  the  different 
parts  of  the  host  attacked  by  a  particular  rust  fungus.  The  leaf 
sheath  and  the  peduncle  are  the  principal  organs  severely  infected 
with  P.  graminis^  but  it  is  the  leaf  blades  that  are  principally  infected 
with  P\  triticina^  P.  dispersa^  and  P.  glumarmrb.  The  problem  of 
resistance  to  P.  grarmrm  has  been  dealt  with  in  this  bulletin,  and 
a  good  deal  of  the  detailed  work  has  been  done  on  the  structural 
characters  of  the  peduncle  of  the  plant,  the  region  most  severely 
damaged  by  rust  when  the  attack  is  heavy.  Had  the  leaf  rusts  been 
investigated  the  conclusions  might  have  been  quite  different 

It  may  be  well  to  summarize  the  factors  influencing  resistance  in 
several  of  the  outstanding  wheat  varieties  to  illustrate  the  importance 
of  considering  more  than  one  factor  when  such  a  problem  is  being 
studied. 

Kota,  a  variety  of  Triticmn  vulgarej  has  protoplasmic  resistance 
to  a  number  of  physiologic  forms  of  Puccinia  grmmnis  tHtici. 
Besides  its  protoplasmic  resistance,  Kota  has  a  very  definite  morpho- 
logic resistance  to  stem  rust.  Hursh  showed  that  this  resistance 
was  due  to  the  occurrence  of  the  susceptible  tissue  of  the  peduncle 
in  narrow,  isolated  strands.  The  size  of  the  pustules  is  limited  by 
the  width  of  the  strands  and  if  many  pustules  are  produced  it  is 
necessary  that  each  strand  be  infected  separately,  for  the  mycelium 
does  not  sj^read  from  one  strand  to  the  next.  There  are  other  factors, 
however,  that  probably  contribute  to  the  morphologic  resistance  of 
Kota.  There  is  a  tendency  for  the  peduncle  to  be  furrowed,  and 
the  rust  pustules  produced  in  these  furrows  must  contain  great 
masses  of  spores  if  they  are  to  expand  beyond  the  sclerenchyma 
borders  of  the  furrows.  The  epidermis  of  Kota  is  very  thick  in 
comparison  with  that  of  other  varieties  of  common  wheat.  The 
cell  walls  are  thick  and  the  membrane  appears  to  be  extremely 
tough.  In  some  cases,  on  the  peduncle  especially,  the  rust  pustules 
remain  subepidermal,  as  they  seem  unable  to  break  the  epidermis. 
In  many  cases  the  force  exerted  by  the  fungus  cracks  the  scleren- 
chyma bands  and  separates  the  lignified  cells  before  the  epidermal 
membrane  gives  way.  Thus  Kota  has  several  structures  contributing 
to  its  morphologic  resistance  to  stem  rust.  Moreover,  Kota  probably 
has  some  functional  resistance  to  stem  rust.  Its  stomatal  behavior 
indicates  that  under  some  conditions  a  large  proportion  of  germ 
tubes  are  excluded.  The  effectiveness  of  this  moderate  functional 
resistance  may  vary  in  different  seasons  and  localities,  but  it  some- 
times assumes  major  importance.  Kota  thus  actually  has  the  three 
types  of  resistance  to  rust,  namely,  protoplasmic,  functional,  and 
morphologic;  and  at  least  three  different  structural  characters  are 
responsible  for  the  morphologic  resistance. 

Marquis  is  a  direct  antithesis  to  Kota.  Marquis  has  a  protoplasmic 
resistance  to  some  physiologic  forms  of  Puccinia  graminis  tritici, 
but  it  seems  to  have  neither  morphologic  nor  functional  resistance 
to  stem  rust.  The  rust-susceptible  tissue  of  the  peduncle  is  dis- 
tributed in  broad,  double  strands,  and  the  stem  of  the  plant  usually 
is  smooth  and  not  furrowed  as  in  Kota.    The  epidermal  membrane 
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is  not  SO  thick  as  in  Kota  and  there  is  less  resistance  to  rupture. 
Imperfect  pustules  are  seldom  found  in  Marquis  wheat.  The  stoma- 
tal  behavior  of  Marquis  is  such  that  the  stomata  open  rather  rapidly 
and  there  is  ample  opportunity  for  the  germ  tubes  of  the  rust  to 
enter.  It  seems  that  Marquis  must  rely  solely  on  its  protoplasmic 
resistance  to  stem  rust.  Therefore,  in  comparison  with  Kota,  it  is 
much  handicapped. 

Webster,  like  Kota,  possesses  the  three  types  of  resistance  to  stem 
rust.  In  its  protoplasmic  reactions  it  has  been  either  highly  or 
moderately  resistant  to  all  the  physiologic  forms  of  Puccinia  graminis 
tritici  with  which  it  has  been  inoculated  at  University  Farm,  St. 
Paul,  Minn.  There  also  is  a  very  definite  morphologic  resistance 
in  Webster.  The  peduncle  is  inclined  to  be  furrowed,  and  the  collen- 
chyma  is  distributed  in  narrow,  isolated  strands  beneath  the  trough 
of  each  furrow.  The  epidermis  is  extremely  thick  and  very  resistant 
to  rupture.  Subepidermal  pustules  are  common  on  the  peduncles 
and  the  leaf  sheaths  of  Webster.  It  may  be  that  normal  pustules 
would  be  formed  more  often  if  Webster  had  less  protoplasmic 
resistance,  but  it  is  evident  that  most  physiologic  forms  of  the 
fungus  have  great  difficulty  in  breaking  the  epidermis.  Webster 
also  has  very  marked  functional  resistance,  for  its  stomata  respond 
to  light  so  slowly  that  many  germ  tubes  of  rust  probably  never  have 
a  chance  to  enter.  The  functional  resistance  of  Webster  is  even 
more  marked  than  that  of  Kota. 

Hope,  a  common  wheat,  is  very  resistant  to  stem  rust  in  the  field, 
in  the  United  States,  and  it,  too,  possesses  the  three  types  of  resist- 
ance. Hope  is  not  so  uniformly  resistant  in  a  protoplasmic  way  as 
Webster  seems  to  be,  but  it  is  resistant  to  a  large  number  of  forms 
of  stem  rust.  The  morphologic  resistance  of  Hope  is  due  to  the  fact 
that  there  are  only  narrow,  isolated  strands  of  suspectible  tissue  in 
the  peduncle,  the  stem  is  slightly  furrowed,  and  the  moderately  thick 
epidermis  has  exceptionally  thick  outer  cell  walls.  However,  the 
very  high  degree  of  rust  resistance  of  Hope  in  the  field  may  be  due 
principally  to  its  very  pronounced  functional  resistance. 

The  two  hybrid  wheats,  Ceres  and  Marquillo,  are  protoplasinically 
highly  resistant  to  a  number  of  rust  forms.  There  is  less  evidence 
of  morphologic  resistance,  however,  for  both  varieties  have  numerous 
moderately  broad,  coalesced  collenchyma  strands  in  the  peduncle. 
The  only  factor  that  might  account  for  a  morphologic  resistance  is 
the  strength  of  the  epidermis.  In  Marquillo  it  is  thick  and  tough, 
and  in  sectioned  material  there  is  evidence  that  the  fungus  has  diffi- 
culty in  forming  pustules.  The  importance  of  the  epidermis  in  Ceres 
is  less  obvious,  and  it  is  not  certain  that  Ceres  has  any  effective  mor- 
phologic resistance.  When  the  stomatal  behavior  is  studied,  Ceres 
seems  to  have  no  functional  resistance,  but  Marquillo  has  a  moderate 
functional  resistance  like  that  of  Kota. 

The  durum  wheats  have  protoplasmic  resistance  to  certain  forms 
of  stem  rust,  but  if  they  have  morphologic  resistance  it  is  due  to 
structures  other  than  those  responsible  for  resistance  in  the  common 
wheats.  It  is  doubtful  whether  such  morphologic  resistance  as  the 
durums  have  is  so  effective  as  their  protoplasmic  and  functional 
resistance.  All  of  the  durums  have  broad,  coalesced  collenchyma 
strands  in  the  peduncles ;  therefore,  the  amount  and  distribution  of 
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susceptible  tissue  are  not  factors  in  their  resistance.  The  shape  and 
the  position  of  the  collenchyma  in  the  furrowed  peduncle  may  be 
responsible  for  some  resistance  to  rust  but  probably  they  are  not  such 
effective  factors  as  size  of  collenchyma  strand.  They  do  not  give  any 
morphologic  resistance  to  Mindum  wheat,  for  example,  for  Mindum 
may  be  highly  susceptible  in  the  field.  The  most  effective  morpho- 
logic resistance  in  the  durums  seems  due  to  thickness  and  the  reen- 
forcements  of  the  epidermal  membrane  and  its  increased  resistance 
to  rupture. 

Some  of  the  durums  have  decided  functional  resistance  to  stem 
rust.  Acme  and  Velvet  Don  may  be  classed  with  Webster  and  Hope 
with  regard  to  stomatal  behavior  and  functional  resistance.  This 
type  of  resistance  seems  to  account  for  the  relative  freedom  of  Acme 
and  Velvet  Don  from  stem  rust  in  the  field.  Mindum  and  Arnautka, 
on  the  other  hand,  seem  to  have  no  more  functional  resistance  than 
Marquis,  while  Kubanka  has  a  moderate  functional  resistance  similar 
to  that  possessed  by  Kota. 

In  the  emmers  there  also  are  the  three  types  of  rust  resistance. 
Khapli,  for  example,  has  protoplasmic  resistance  to  most  of  the 
physiologic  forms  of  Pucchiia  gramhiis  trltici.  It  also  has  morpho- 
logic resistance  because  of  the  following  structural  characters, 
namely,  the  relatively  small  amount  of  susceptible  tissue  and  its  dis- 
tribution in  narrow,  isolated  strands  in  the  peduncle,  the  irregular 
shape  of  collenchyma  strands  and  their  position  in  the  furrowed 
culm,  the  extreme  thickness  of  the  epidermis  and  its  sclerenchymatous 
reenforcements  which  increase  its  resistance  to  rupture.  Khapli  also 
has  a  moderate  functional  resistance  to  stem  rust  because  of  stomatal 
behavior. 

From  the  facts  available,  it  is  clear  that  there  are  several  causes 
for  stem-rust  resistance  of  varieties  of  w^heat.  These  can  be  grouped 
into  three  general  categories — protoplasmic,  morphologic,  and  func- 
tional. In  the  case  of  protoplasmic  resistance,  there  is  some  sort  of 
antagonism  between  the  pathogene  and  the  host  plant.  The  patho- 
gene  may  enter  in  a  normal  manner  but  is  unable  to  grow  exten- 
sively within  the  tissues,  because  it  usually  kills  some  of  them  and 
then  itself  dies.  While  it  is  known  what  happens  in  this  type  of 
resistance,  it  is  not  known  w^hy  it  happens  because  of  the  meager 
knowledge  of  the  physico-chemical  process  involved.  This  proto- 
plasmic resistance  usually  is  effective  only  against  certain  physiologic 
forms.  No  varieties  of  wheat  yet  known  have  protoplasmic  resistance 
to  all  known  forms  of  Puccinia  grarmnis  tritici.  Morphologic  re- 
sistance may  protect  plants  against  the  attack  of  all  but  the  most 
virulent  physiologic  forms,  but  it  is  itself  due  to  many  factors  and 
is  somewhat  variable.  Functional  resistance,  due  largely  to  the  fail- 
ure of  stomata  to  open  promptly  in  the  morning,  thus  excluding  the 
germ  tubes  of  the  pathogene,  is  likely  to  be  more  universally  effec- 
tive than  either  of  the  other  two.  Some  varieties  have  only  one  type 
of  resistance,  while  others  have  two,  and  still  others  have  all  types. 
It  is  likely  that  both  the  morphologic  resistance  and  the  functional 
resistance  are  particularly  important  because  varieties  with  these 
means  of  resisting  rust  attack  probably  can  resist  invasion  by  all 
physiologic  forms.  Therefore,  they  are  likely  to  be  very  useful  in 
the  development  of  rust-resistant  varieties.     It  is  obvious  that  vari- 
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eties  possessing  all  known  types  of  resistance  may  be  most  useful. 
Fortunately,  some  varieties,  such  as  Hope,  seem  to  possess  in  some 
degree,  at  least,  all  of  the  three  general  types  of  resistance.  The 
implications  of  these  facts  in  the  development  of  rust-resistant 
varieties  are,  of  course,  self-evident. 

SUMMARY 

There  are  three  general  types  of  resistance  to  stem  rust  {Piiccinia 
gramvinis)  in  wheat — ^protoplasmic,  morphologic,  and  functional.  A 
number  of  different  structures  that  are  responsible  for  morphologic 
resistance  have  been  investigated;  and  stomatal  behavior  has  been 
studied  in  wheat  as  the  principal  cause  of  a  functional  resistance. 

All  of  the  aboveground  parts  of  a  wheat  plant  contain  rust-sus- 
ceptible tissue — leaf  blade,  leaf  sheath,  peduncle,  rachis,  glume,  and 
awn.  The  quantity  and  distribution  of  the  tissue  vary  in  different 
parts  of  the  plant.  The  wheat  seedling  is  composed  almost  entirely 
of  susceptible  tissue,  and  a  large  proportion  of  the  mature  leaf  blade 
is  susceptible,  but  in  the  peduncle  and  rachis  there  are  smaller 
amounts  of  susceptible  tissue  distributed  in  longitudinal  strands 
beneath  the  epidermis. 

Wheat  seedlings  offer  virtually  no  morphologic  restrictions  to  the 
development  of  rust.  Most  of  the  tissue  is  thin-walled  chlorenchyma, 
with  numerous  intercellular  spaces.  The  epidermis  is  a  thin,  deli- 
cate, easily  ruptured,  cellulose-walled  membrane. 

The  relative  proportions  of  coUenchyma  and  sclerenchyma  vary  in 
different  parts  of  the  peduncle  and  in  comparable  parts  of  the 
j)eduncles  of  different  wheats.  Just  beneath  the  head  about  90  to  98 
per  cent  of  the  periphery  of  the  peduncle  is  bordered  by  collenchyma, 
distributed  in  from  one  to  four  or  five  broad  coalesced  strands.  In 
the  middle  of  the  peduncle  from  50  to  80  per  cent  of  the  periphery 
is  bordered  by  collenchyma,  distributed  in  numerous  strands  that  are 
separated  by  bands  of  sclerenchyma.  Just  above  and  within  the  leaf 
sheath  the  peduncle  has  only  25  to  35  per  cent  of  the  periphery  bor- 
dered by  collenchyma,  the  strands  of  which  are  extremely  narrow  and 
shallow.  The  relative  proportions  of  collenchyma  in  the  middle  por- 
tion of  the  peduncle  differ  somewhat  in  different  wheats,  being  about 
60  to  70  per  cent  in  the  common  wheats,  about  Y2  to  80  per  cent  in 
the  durums,  and  50  to  65  per  cent  in  the  emmers. 

The  size,  shape,  and  disposition  of  collenchyma  strands  in  the 
peduncle  are  important  factors  in  determining  the  spread  of  the 
mycelium  and  the  size  of  rust  pustules.  In  the  common  wheats  some 
varieties  are  characterized  by  very  broad  and  coalesced  strands  of 
collenchyma,  while  others  usually  have  very  narrow  single  strands  of 
collenchyma  with  strong  wide  bands  of  sclerenchyma  between 
them.  Each  strand  is  regular  in  shape  with  borders  almost  perpen- 
dicular to  the  surface  of  the  culm.  Most  of  the  common  wheats 
have  smooth  culms,  but  a  few  varieties  have  stems  that  are  slightly 
furrowed.  All  varieties  of  durum  wheat  have  broad  extensive  areas 
of  collenchyma  formed  by  three  to  seven  or  more  confluent  strands. 
The  shape  of  the  strand  is  irregular  and  the  portion  adjacent  to  the 
epidermis  is  less  than  its  total  width.  The  stem  of  durum  wheats 
usually  is  deeply  furrowed,  with  the  result  that  the  rust  pustules 
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lie  at  the  bottom  of  the  furrow.  The  shape  and  position  of  the 
collenchyma  strands  in  emmers  are  very  much  like  those  in  the 
durums,  but  the  collenchyma  strands  of  the  emmer  are  likely  to  be 
narrow  and  isolated  rather  than  coalesced  into  large  extensive  areas. 

The  rust-susceptible  tissue  in  the  leaf  blade  occupies  the  area 
between  the  parallel  vascular  bundles  and  extends  from  the  lower  to 
the  upper  epidermis.  The  girders  of  sclerenchyma  that  accompanj'' 
some  of  the  vascular  bundles  separate  one  collenchyma  area  from  its 
neighboring  area.  The  width  of  the  area  varies  in  different  varieties 
of  wheat  and  in  different  species  of  Triticum,  but  the  differences  are 
seldom  sufficient  to  affect  greatly  the  size  of  the  rust  pustules.  An 
increase  in  the  number  of  sclerenchyma  girders  and  a  decrease  in  the 
distance  between  them  make  necessary  a  greater  number  of  infections 
if  the  rust  is  to  cover  much  of  the  surface  of  the  leaf  blade. 

The  leaf  sheath  contains  broad  strands  of  rust-susceptible  tissue 
continuous  with  those  of  the  leaf  blade  and  separated  by  the  vascular 
bundles  with  their  sheaths  of  sclerenchyma.  The  rust-susceptible 
chlorenchyma  lies  just  beneath  the  outer  epidermis  and  below  it  is  a 
large  lysigenous  cavity  in  the  parenchyma  that  forms  the  inner  part 
of  the  leaf  sheath.  The  general  structure  of  the  leaf  sheath  does  not 
differ  greatly  in  different  varieties  of  wheat.^ 

The  base  of  the  leaf  sheath  is  relatively  thick,  the  lysigenous  cavi- 
ties tend  to  disappear,  and  the  vascular  bundles  with  their  accom- 
panying sclerenchyma  are  embedded  in  the  leaf  sheath  and  do  not 
extend  to  the  outer  epidermis.  The  rust-susceptible  areas  thus  merge 
with  neighboring  rust-susceptible  areas  at  the  periphery  of  the  leaf 
sheath,  and  there  is  excellent  opportunity  for  the  formation  of  large 
rust  pustules. 

The  rust-susceptible  tissue  of  the  rachis  is  distributed  in  longi- 
tudinal strands  as  in  the  peduncle,  but  the  flattened  side  of  each 
joint  of  the  rachis  is  composed  of  sclerenchyma  and  is  never  infected 
by  rust.  There  are  indications  that  the  amount  and  distribution 
of  collenchyma  in  the  rachis  differ  in  different  varieties  of  wheat 
just  as  they  do  in  the  peduncles  of  different  wheats. 

There  is  relatively  little  rust-susceptible  tissue  in  the  glumes  and 
awns. 

Certain  varieties  of  wheat  may  be  resistant  because  of  structural 
peculiarities  that  make  it  difficult  for  pustules  to  rupture  the  epi- 
dermis. The  size  and  shape  of  the  collenchyma  bundles,  the  thick- 
ness and  toughness  of  the  epidermis,  and  sclerenchymatous  reen- 
forcem.ents  of  the  epidermis  appear  to  be  most  important  in  this 
connection. 

Not  all  of  the  tissues  in  which  the  rust  can  grow  are  equally  sus- 
ceptible. The  degree  of  compactness  and  the  thickness  of  the  cell 
walls  may  determine  the  rapidity  with  which  the  pathogene  can 
grow. 

Some  varieties  of  wheat  are  very  resistant  to  all  physiologic  forms 
of  stem  rust  under  natural  conditions  because  their  stomata  open 
so  slowly  in  the  morning  that  the  germ  tubes  of  the  pathogene 
usually  dry  up  before  they  can  enter. 

Results  of  experiments  to  determine  the  effect  of  fertilizers  on  the 
structure  of  wheat  varieties  and  their  susceptibility  to  rust  attack 
were  somewhat  inconsistent.     There  were  no  consistent  and  signifi- 
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cant  differences  in  the  proportion  or  distribution  of  collenchyma  in 
the  peduncles  of  wheats  grown  in  different  fertilizer  plots,  although 
in  a  few  cases  there  was  an  effect  which  indicated  a  possible  correla- 
tion with  the  degree  of  rust  infection.  A  study  of  the  effect  of  fer- 
tilizers on  the  structure  of  the  epidermal  membrane  was  not  conclu- 
sive. The  application  of  nitrogenous  fertilizers  did  not  increase  the 
diameter  of  the  peduncles  of  Marquis  wheat.  In  the  case  of  Kota 
the  diameter  was  increased,  but  it  is  not  clear  whether  rust  suscepti- 
bility was  increased  thereby.  No  one  fertilizer  or  combination  of 
fertilizers,  in  the  experiments  so  far  made,  seemed  consistently  to 
alter  the  structure  of  plants  sufficiently  to  affect  their  susceptibility 
or  resistance  to  rust. 

In  the  field,  stem  rust  o,ften  develops  almost  exclusively  on  the 
north  side  of  the  plants.  The  exact  reason  for  this  phenomenon  is 
not  yet  known,  but  it  does  not  seem  to  be  due  to  differences  in  struc- 
ture on  the  two  sides  of  the  stem  nor  to  differences  in  total  sugars 
nor  reducing  sugars. 

Wheat  plants  affected  with  smuts  or  foot  rot  are  likely  to  become 
more  heavily  rusted  than  healthy  plants ;  clipping  the  heads  has  the 
same  effect. 

It.  is  evident  that  there  are  several  types  of  resistance  to  stem 
rust.  A  variety  of  wheat  may  have  one  or  more  of  these  types  of 
resistance.  Some  have  only  protoplasmic  resistance  to  certain  physi- 
ologic forms,  and  none,  so  far  as  known,  is  resistant  to  all  forms. 
Such  varieties  are  likely  to  be  severely  rusted  in  those  years  and 
localities  in  which  the  physioloofic  forms  to  which  they  are  sus- 
ceptible happen  to  occur.  While  morphologic  and  functional  re- 
sistance may  be  somewhat  variable,  varieties  with  these  types  of 
resistance  are  likely  to  be  more  nearly  universally  free  from  rust 
than  those  with  protoplasmic  resistance  only.  And,  obviously, 
varieties  like  Hope  and  Webster,  which  have  at  least  in  some  degree 
all  known  types  of  resistance,  are  likely  to  be  almost  universally 
resistant. 
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INTRODUCTION 

The  determination  of  the  cause  of  hybrid  vigor  is  a  fundamental 
problem  in  practical  corn  breeding.  The  major  programs  of  corn 
improvement  in  the  United  States  to-day  involve  the  isolation  of 
more  or  less  homozygous  lines  through  selection  and  self-fertilization 
as  the  first  step.  At  present  these  inbred  lines  must  be  crossed  into 
various  hybrid  combinations  for  commercial  utilization.  The  extent 
to  which  better  inbred  lines  can  be  obtained  and  also  the  possibility 
of  obtaining  high-yielding  homozygous  lines  depend  upon  just  what  is 
the  cause  of  hybrid  vigor. 

There  are  two  major  hypotheses  as  to  the  cause  of  hybrid  vigor. 
One  of  these  assumes  the  existence  of  an  unexplained  physiologic 
stimulation  resulting  from  the  mere  fact  of  heterozygosis;  it  holds 
that  there  is  some  kind  of  physiologic  stimulation  attributable  to  the 
fact  that  the  gametes  are  unlike.  The  other  hypothesis  attributes 
hybrid  vigor  to  the  combined  action  of  dominant  favorable  genes 
coming  from  the  two  parents. 

The  development  of  these  theories  and  the  experimental  evidence 
upon  which  they  are  based  have  been  reviewed  so  frequently  and  so 
adequately  (i,  2,  5,  d,  Sy  that  further  review  here  seems  unnecessary. 

'  Presented  before  the  joint  meeting  of  the  Geneticists  Interested  in  Agriculture  and  the  American  Society 
of  Agronomy,  Cleveland,  Ohio,  Dec.  29,  1930. 

2  The  writers  wish  to  express  their  appreciation  of  the  valuable  assistance  rendered  at  various  times  during 
the  course  of  these  experiments  by  H.  S.  Garrison,  assistant  agronomist,  J.  M.  Hammerly,  senior  scientific 
aide,  and  John  S.  Fowler,  field  assistant.  Division  of  Cereal  Crops  and  Diseases. 

» Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  22. 
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So  far  as  the  writers  are  aware,  either  hypothesis  fits  all  of  the  ob- 
served facts  adduced  from  many  careful  experiments  on  inbreeding 
and  outbreeding.  This  is  true  because  in  those  experiments  a  change 
in  heterozygosis  provided  a  corresponding  change  in  the  opportunity 
for  the  action  of  dominant  favorable  genes.  The  dominant-favorable- 
gene  hypothesis,  however,  is  in  agreement  also  with  the  interaction  of 
genes  as  observed  in  extensive,  detailed  genetic  investigations.  Con- 
sequently, the  consensus  of  opinion  among  geneticists  supports  the 
dominant-favorable-gene  hypothesis,  with  the  reservation  that  physi- 
ologic stimulation  from  heterozygosis,  too,  may  play  some  part,  or  at 
least  that  the  existence  of  such  stimulation  has  not  been  disproved. 

A  possible  means  of  distinguishing  between  these  two  hypotheses 
experimentally  was  suggested,  from  theoretical  considerations,  in  a 
previous  paper  (7).  It  is  desired  in  the  present  paper  to  review  briefly 
the  theory  of  convergent  improvement  and  to  present  such  experimen- 
tal data  as  have  been  accumulated. 

Convergent  improvement  consists  of  a  more  or  less  definite  system 
of  crossing,  back  pollinating,  and  selfing,  all  accompanied  by  selection, 
in  an  effort  to  improve  inbred  lines  of  corn  without  interfering  with 
their  behavior  in  hybrid  combination.  It  seeks  to  do  this  by  bringing 
about  the  convergence  of  the  favorable  dominant  genes  from  two  or 
more  inbred  lines  into  a  single  stream  of  germ  plasm. 

Kegarding  yield  as  the  measure  of  vigor,  the  theoretical  basis  for 
convergent  improvement  assumes  that — 

(1)  Selfed  lines  that  combine  into  a  high-yielding  cross  carry, 
together,  the  important  dominant  genes  necessary  for  increased  yield, 
and    are    alike    for    such    necessary    genes    as    are    recessive. 

(2)  The  excess  yield  of  a  cross  above  that  of  one  parent  may  be 
attributed  to  the*  dominant  favorable  genes  received  from  the  other 
parent. 

(3)  Back  pollinating  a  cross,  as  NxR,  to  one  of  the  homozygous 
parents,  as  R,  in  several  successive  generations,  without  selection  and 
in  the  absence  of  linkage,  will  recover  the  genotype  of  the  recurrent 
parent,  R,  according  to  the  series  K,  /4,  %,  etc. 

(4)  Selection  of  only  the  more  vigorous,  productive  plants  during 
the  period  of  successive  back  pollination  will  retain  some  of  the  domi- 
nant favorable  N  genes,  which  will  be  present  in  the  heterozygous 
condition,  however,  as  long  as  back  pollinating  to  R  is  continued. 

(5)  Selection  within  selfed  lines  after  back  pollinating  will  produce 
a  line  homozygous  for  the  dominant  R  and  some  of  the  dominant  N 
genes.  This  recovered  line  may  be  designated  R  (N')-  It  should 
yield  more  than  R  because  of  the  added  dominant  favorable  (NO 
genes,  and  should  behave  the  same  as  R  in  crosses  with  N,  as  only  the 
dominant  genes  would  be  expressed  in  the  heterozygous  condition. 

(6)  Two  reciprocally  recovered  lines  R  (N')  and  N  (RO  would  differ 
in  fewer  dominant  genes  than  the  parental  lines  N  and  R.  By  repeat- 
ing the  breeding  program,  using  these  recovered  lines  as  foundation 
stock,  therefore,  further  increments  could  be  added  reciprocally,  bring- 
ing about  a  gradual  convergence  of  the  dominant  f ayorable  genes  from 
N  and  R  into  a  single  strain. 

Briefly  stated,  then,  convergent  improvement  involves  the  recip- 
rocal addition  to  each  of  two  homozygous  selfed  lines  that  combine 
to  produce  a  high-yielding  cross  of  those  dominant  favorable  genes 
which  one  line  lacks,  but  which  are  carried  by  the  other,  by  (1)  crossing 
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the  two  lines,  (2)  back  pollinating  to  one  line  through  each  of  several 
generations  to  recover  the  dominant  genotype  of  that  line,  (3)  at  the 
same  time  practicing  selection  to  retain  favorable  dominant  genes 
entering  the  cross  from  the  nonrecurrent  parent,  (4)  selecting  within 
selfed  lines  to  fix  the  added  genes  in  the  homozygous  condition,  (5) 
performing  these  operations  in  parallel  with  each  of  the  original  lines 
as  the  recurrent  parent,  and  (6)  repeating  the  operation  to  achieve 
further  improvement,  using  the  recovered  lines  in  place  of  the  original 
parent  lines  as  foundation  stocks. 

Success  in  such  a  program  is  possible  only  if  the  interaction  of 
dominant  favorable  genes  is  the  cause  of  hybrid  vigor.  Under  this 
hypothesis,  moreover,  a  cross  betw^een  R  (NO  and  N  (RO  should  be 
as  productive  as,  or  more  productive  than,  the  cross  between  R  and 
N.  Under  the  hypothesis  of  physiologic  stimulation,  on  the  other 
hand,  crosses  between  these  recovered  lines  would  be  expected  to  yield 
less  than  those  between  the  original  parents.  Tliis  follows  from  the 
fact  that  the  recovered  lines  would  be  more  nearly  like  each  other  and 
crosses  between  them  consequently  would  be  less  heterozygous. 
Agreement  of  experimental  results  with  one  of  these  different  expec- 
tations accordingly  should  differentiate  critically  between  the  two 
theories. 

Yield  data  are  reported  here  bearing  on  the  effects  (1)  of  back 
pollinating  to  a  recurrent  parent  for  different  numbers  of  successive 
generations,  and  (2)  of  crossing  such  lines,  back  pollinated  for  different 
numbers  of  generations,  with  the  nonrecurrent  parent  or  with  a  recip- 
rocally back-pollinated  line.  Before  proceeding  with  the  data,  it  is 
desirable  to  discuss  briefly  the  breeding  program  from  which  the 
stocks  were  derived. 

THE  BREEDING  PROGRAM 

Most  of  the  inbred  lines  used  as  foundation  stocks  were  selected 
from  varieties  adapted  to  Corn  Belt  conditions.  The  lines  of  C.  I.^ 
No.  227  (a  strain  of  a  Bloody  Butcher  type  from  China)  and  of  C.  I.  No. 
228  (Lancaster  Surecrop)  were  selected  at  the  Arlington  Experiment 
Farm,  in  Virginia.  The  line  of  C.  I.  No.  540  was  obtained  from  H. 
A.  Wallace,  Des  Moines,  Iowa,  and  the  lines  of  C.  I.  No.  549  were 
obtained  from  J.  R.  Holbert,  Bloomington,  111.  Selection  of  the  lines 
of  C.  I.  No.  201  (Delta  Prolific)  was  begun  in  Arkansas  and  has  been 
continued  at  the  Arlington  Experiment  Farm. 

It  is  unnecessary  to  give  detailed  yields  of  the  Fi  crosses  used. 
They  are  all  two  or  more  times  as  productive  as  the  parent  inbreds, 
thus  evidencing  an  abundance  of  hybrid  vigor.  Fi  crosses  and 
double  crosses  involving  the  parent  inbreds  also  have  produced  high 
absolute  yields.  One  double  cross  was  second  among  the  hybrid 
entries  in  the  Ames  district  of  the  Iowa  State  Corn  Yield  Test  in  1928, 
producing  11  bushels  per  acre  more  than  the  best  open-pollinated 
variety.  Another  double  cross  was  first  in  the  same  district  in  1929, 
yielding  9  bushels  per  acre  more  than  the  best  open-pollinated  variety. 
Several  of  the  foundation  Fi  crosses  yield  practically  as  much  as  these 
double  crosses,  and  the  rest  are  only  slightly  less  productive.  It  is 
obvious,  therefore,  that  reasonably  good  germ  plasm  is  carried  by  the 
breeding  stocks. 

*  Accession  number  of  the  Division  of  Cereal  Crops  and  Diseases,  formerly  Office  of  Cereal  Investigations. 
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SELECTION  IN  BACK-POLLINATED  UNES 

In  beginning  selection  in  back-pollinated  lines,  from  2  to  5  Fi  plants 
have  been  pollinated  with  pollen  of  the  recurrent  parent.  From  40 
to  100  plants  have  been  grown  from  the  seed  so  produced  and  the 
better  of  these  have  been  back  pollinated.  The  seed  from  what 
appeared  at  harvest  to  be  the  best  of  these  plants  then  was  planted 
in  ear-to-row  progenies,  back  pollinating  and  selecting  being  continued 
within  and  between  these  progenies.  From  18  to  25  plants  have 
been  grown  in  the  progeny  rows,  depending  upon  the  number  of 
progenies  to  be  grown  and  the  land  available. 

Most  of  the  pollinating  has  been  controlled  by  hand.  In  one  season 
it  was  possible  to  have  several  isolated  plots.  Each  of  these  was 
utilized  for  one  recurrent  parent  line,  the  back-pollinated  progenies 
being  grown  in  two  of  every  three  rows  and  detasseled.  This  practice 
eliminates  the  preliminary  selection  ordinarily  made  during  hand 
pollinating  unless  this  selection  is  made  a  special  task.  In  the  present 
experiments,  where  the  number  of  progenies  back  pollinated  to  any  one 
recurrent  parent  was  relatively  small,  the  use  of  isolated  plots  did 
not  add  much  to  the  efficiency  of  operation.  If  many  progenies  were 
being  back  pollinated  to  one  recurrent  parent,  isolated  plots  would 
be  helpful. 

The  specific  crosses  and  the  recurrent  parents  being  used  in  the 
convergent-improvement  program  at  the  Arlington  Farm  are  shown 
in  Table  1.  The  number  of  progenies  grown  in  each  breeding  line  in 
each  generation  through  1930  is  also  shown.  A  relatively  large  num- 
ber of  lines  was  used  in  order  to  provide  generality  of  experience. 
This  fact,  together  with  adverse  seasonal  conditions  during  three 
years  of  the  experiments,  has  kept  the  possibilities  of  selection  within 
the  individual  lines  below  what  seems  desirable. 


Table  1. — Pedigrees  of  stocks  in  the  program  of  convergent  improvement 


Number  of  progenies  grown  in  stated 
generation  of— 


Pedigree  No. 


Back  pollinating 


Selfing 


1 

2 

3 

4 

5          1 

2 

227-2-S4X227-1-S4    ...                             

6 
4 
2 
2 
2 
2 
2 
2 
5 
4 
1 
2 
2 
2 
1 
4 
2 
1 
6 
6 
2 
2 
2 

5 
1 
2 
2 

1 
2 

4 
5 
5 
8 
1 
3 
2 
2 
3 
5 
3 
2 
9 
3 
4 
2 
4 

7 
2 
4 
3 

I 

5 
5 
6 

227-3-S4X227-1-S4 

3 

4 

1        2 

227-4-S4X227-1-S4    

227-6-S4X227-1-S4 

3 

1 
6 
6 
4 

4 

::::-    I 

2 

1        3 

7 

227-1-S4X227-2-S4 

227-3-S4X227-2-  S4. 

227-4-S4X227-2-S4 

227-6-S4X227-2-S4 

540-S4X227-2-S5 

549-A-S10X227-2-S5 

i       9 

549_B-Sl0X227-2-S5 

1 

227-1-S4X227-3-S4... . 

6 
5 

8 
4 

1        1 

- 2 

2 

227-2-S4X227-3-S4       .       .                                       

227-6-S6X227-3-S6 

228-4-8-S7X227-3-S6 

4 
6 

i 7 

3 

640-S4X227-3-S6 

11 

8 

549_A-S10X227-3-S6 

..i        4 

4 

649_B-Sl0X227-3-S6-              .                  

2 
5 
3 
4 
5 
2 

2 

3 

227-1-S4X227-4-S4 

6 

t 

227-2-S4X227-4-S4 

227-1-S4X227-6-S4 

6 
3 
4 

3 

i        0 

1        3 

227-2-S4X227-6-S4... 

228-3- 3-S5X228-1-2-S5... 
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Table  1. — Pedigrees  of  stocks  in  the  program  of  convergent  improvement. — Contd. 


Number  of  progenies  grown 
generation  of— 

in  stated 

Pedigree  No. 

Back  pollinating 

Selfing 

i 

I  1  2 

3 

4          5 

1 

2 

228-4-8-S5X228-1-2-S5    . 

1  2 

2  2 

3  1        5 

3  j        6 
2           1 

4  !       40 

3 
3 
2 
3 
2 
11 
2 
5 

? 
I 

2 
6 
6 

1 

6! 

228-6-5-S5X228-1-2-S5 . 

3 
6 
6 
2 
8 
3 
10 
4 
9 
3 
3 
1 

228-1-2-S5X228-4-8-S5    

1 1:::::: 

6  I      11 

228-2-2-S5X228-4-8-S5 

228-3-3-S5X228-4-8-S5 

228-6-5-S5X228-4-8-S5 

227-3-S6X228-4-8-S7 

1 
2 
2 
3 
2 
2 
2 
2 
4 
5 
3 
1 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
4 
2 
2 
5 

2 
2 
2 
2 
3 
6 
6 

3 
4 

I 

12 
6 

3 
5 
3 
6 

540-84X228-4-8-87 

16 

54&-A-8 10X228-4-8-87 



3 

549-B-8 10X228-4-8-87 

228-1-2-85X228-6-5-85 ". 

228-2-2-85X228-6-5-85    

228-3-3-85X228-6-5-85 

5 
3 
6 

228-4-1-85X228-6-5-85 

228-4-8-85X228-6-5-85 

1 

540-S4X228-6-5-87 

54&-A-S10X228-6-5-S7 

549-B-S10X228-6-5-S7 

3 

1 

5 
2 
3 
2 
4 
1 



201-C-89X201-A-S7     

201-H-S9X201-A-S7... .-. 

201-C-S9X201-B-S6 

201-F-S9X201-B-S6 

201-H-89X201-B-S6 

201-A-S7X201-C-89 

201-B-S6X201-C-89 

201-F-S9X201-C-89 

4 

7 

201-H-89X201-C-S9 

7          I 

201-H-811X201-E-S7 

^ 

201-B-S6X201-F-89 

n 

201-C-89X201-F-89-       

5  1       5 
7          23 

10 
19 

201-H-89X201-r-S9 

201-A-87X201-H-S9 

2 

4 
2 
2 

201-B-86X201-H-89 

201-C-S9X201-H-89 

3 

4 

201-E-S7X201-H-S11 

201-F-S9X201-H-S9 

GREENHOUSE  SELECTION 

In  order  to  advance  the  breeding  program  as  rapidly  as  possible, 
a  crop  has  been  grown  in  the  greenhouse  each  winter.  The  greenhouse 
crops  were  restricted  chiefly  to  material  being  back  pollinated  for  the 
first  or  second  time,  though  a  few  progenies  further  advanced  were 
also  grown.  Except  for  minor  differences,  the  Fi  plants  would  be 
expected  to  be  alike  genetically,  providing  no  opportunity  for  selec- 
tion. Genetic  differences  would  become  apparent  among  the  plants 
in  the  lines  back  pollinated  once  and  among  the  progenies  and  plants 
in  the  lines  back  pollinated  two  or  more  times. 

Selection  among  plants  in  the  greenhouse  was  attempted  by  planting 
25  seeds  of  a  progeny  2  inches  apart  and  thinning  out  the  poorer  seed- 
lings as  they  became  apparent,  until  only  the  4  or  5  best  plants 
remained.  Seed  from  all  the  pollinated  ears  that  could  be  obtained 
from  these  selected  plants  then  would  be  planted  in  the  field  the  next 
season.  Generally  no  attempt  was  made  to  select  among  progenies 
except  in  the  field,  either  all  or  none  of  the  ears  of  a  certain  line  of 
breeding  being  carried  forward  in  the  greenhouse. 

Selection  was  made  once  among  progenies,  however,  by  the  follow- 
ing method.  Seed  from  the  avaSable  ears  was  planted  in  sand  on  a 
slowly  rotating  table,  17  seeds  from  each  ear  to  a  row.  The  seedlings 
were  measured  shortly  after  emergence  and  again   11   days  later. 
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Differences  in  the  growth  increments  were  assumed  to  be  due  to 
differences  in  inherent  vigor.  An  experiment  planned  to  verify  both 
this  and  the  efficacy  of  plant  selection  within  the  progenies  could  not 


Figure  l. — Motor-driven  rotating  table  for  growing  corn  seedlings  under  conditions  of  uniform 

light  and  temperature 

be  completed  because  of  failure  to  obtain  the  necessary  seed.  Obser- 
vation of  the  mature  plants,  however,  showed  that  the  seedling 
differences  persisted  through  the  immediate  generation.     Kyle's  (6) 


Figure  2.— Appearance  of  seedlings  grown  on  rotating  table,  showing  arrangement 


results,  moreover,  have  shown  that  similar  differences  found  in  the 
field  carried  into  the  next  filial  generation.  The  appearance  of  the 
seedlings  on  the  rotating  table  is  shown  in  Figures  1  and  2,  and  that 
of  the  greenhouse  crop  of  1929-30  is  shown  in  Figure  3. 


EXPERIMENTS    ON    VIGOR   AND    IMPROVEMENT   IN    CORN  / 

EXPERIMENTS  ON  BACK  POLLINATING  AND  RECROSSING 

In  the  original  discussion  of  convergent  improvement  (7),  it  was 
estimated  that  six  generations  of  back  pollinating  might  be  adequate 
for  recovering  that  part  of  the  recurrent  parent  genotype  important 
for  practical  corn  improvement.  It  was  recognized,  however,  that 
any  reliable  estimate  of  the  number  of  generations  necessary  would 
have  to  wait  on  the  accumulation  of  experimental  data.  Experiments 
were  conducted  in  1929  and  1930  to  provide  evidence  on  this  question 
and  on  the  question  of  how  long  back  pollinating  could  be  continued 
without  losing  too  many  of  the  favorable  genes  coming  in  from  the 
nonrecurrent  parent.  The  concepts  back  of  these  experiments  were 
(1)  that  back  pollinating  could  be  continued  as  long  as  the  plants  were 


Figure  3.— Corn  breeding  stocks  produced  m  the  greenhouse  during  the  winter  of  1929-30 

appreciably  superior  to  the  recurrent  parent,  and  (2)  that  back 
pollinating  must  be  continued  until  the  cross  between  a  back -polli- 
nated line  and  the  nonrecurrent  parent  yielded  approximately 
equally  with  the  cross  between  the  original  recurrent  and  nonrecurrent 
parents.  Equality  of  the  original  cross  with  a  cross  between  recov- 
ered lines  obtained  by  back  pollinating  to  both  parents  would  be 
equivalent  evidence  of  sufficiency  of  back  pollination. 

The  system  of  pedigrees  used  in  the  breeding  program  is  illustrated 
in  Table  2.  The  foundation  Fi  cross  is  in  parentheses,  with  the 
recurrent  parent  last,  regardless  of  the  direction  in  which  the  cross 
was  made.  The  numerals  following  and  separated  by  dashes  indicate 
generations  of  back  pollinating  to  the  recurrent  parent.  Crosses 
recorded  without  parentheses  are  shown  as  made,  the  pistillate  parent 
being  written  first.  Where  the  particular  pedigree  is  unimportant,  a 
generalized  pedigree  is  used.     The  exponent  of  the  recurrent  parent 
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shows  the  number  of  times  that  parent  has  been  used.  Thus,  (6-5  X 
4-8^)  is  the  cross  (6-5X4-8)  back  pollinated  once  to  parent  line  4-8, 
whereas  (6-5X4-8^^)  is  the  same  cross  back  pollinated  three  times  to 
4-8.  A  more  generalized  form  of  the  same  system  is  used  to  indicate 
the  generation  of  operation  where  the  particular  cross  is  of  no  impor- 
tance. Here  the  letters  N  and  E,  indicate  the  nonrecurrent  and  the 
recurrent  parent.  The  letter  S  indicates  the  beginning  of  selling,  or, 
with  a  subscript,  the  number  of  selfed  generations. 

Table  2. — Designations  used  in  convergent  improvement  experiments 


Generation 


NXR,  RXN,  or  Fi 

(NXR?)— - 

(NXR3) 

(N><R<)- 

(NXR*)S 

(NXR«)S2 


Operation 


General 


6-6X4-8,  or  4-8X6-5 

(6-5X4-8)  X4-8 

(6-5X4-8)  X4-8;X4-8 

(6-5X4-8) X4-8;  X4-8;  X4-8..-.-. 


(6-6X4-8) X4-8;  X4-8;  X4-S;  XS |  (6-6X4-8*)S. 


Pedigree 


Actual - 

(6-5X4-82) 

(6-5X4-83) 

(6-5X4-8*) 


Specific  examples 


(6-5X4-8)-l. 

(6-5X4-8)-l-l. 

(6-5X4-8)-l-2. 

(6-5X4-8)-l-l-l. 

(6-5X4-8)-l-l-2. 

(6-5X4-8)-l-2-l. 

(6-5X4-8)-l-l-l-Sl. 

(6-5X4-8)-l-2-l-Sl. 


(6-5X4-8)X4-8;X4-8;X4-8;XS,  XS„  i  (6-5X4-8<)S2---;  (6-5X4-8)-l-2-l-Sl-l. 


GROWING  SEED  FOR  THE  EXPERIMENTS 

In  preparation  for  yield  comparisons  in  1930,  seed  w^as  grown  in 
1929  to  represent  the  various  generations  completed.  Eight  back- 
pdllinated  lines  were  chosen  for  which  remnant  seed  of  the  preceding 
generations  was  available.  Each  generation  of  each  line  was  planted 
between  rows  of  the  recurrent  and  of  the  nonrecurrent  parent.  The 
recurrent  parent  was  pollinated  with  pollen  of  the  different  genera- 
tions of  the  back-pollinated  line.  This  advanced  each  lot  one 
generation  and  provided  seed  representing  successive  generations  of 
back  pollinating.  As  all  this  seed  was  produced  on  plants  of  the 
inbred  recurrent  parent,  any  material  systematic  variation  in  seed 
size  was  avoided.  Similarly,  the  nonrecurrent  parent  was  pollinated 
by  the  different  generations  of  the  back-pollinated  line  to  obtain  seed 
representing  crossing  with  the  nonrecurrent  parent  after  successive 
generations  of  back  pollinating  to  the  recurrent  parent.  Here,  all 
of  the  seed  was  produced  on  plants  of  the  inbred  nonrecurrent  parent. 
Where  reciprocally  back-pollinated  hues  were  available,  crosses  were 
made  between  them  in  the  various  generations.  The  following  dia- 
gram shows  the  plan  of  planting  for  producing  seed  of  4-8X6-5 
back  pollinated  to  4-8  and  to  6-5,  and  seed  of  the  crosses  between 
the  reciprocally  back-pollinated  lines. 
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4-8 

r6-5 

X 

X 

4-8X&-5,  Fi 

>X« 

4-8X6-5,  Fi 

X 

X 

6-5 

4-8 

4-8 

r6--5 

X 

X 

(&-5X4-8^-2  5 

•X« 

(4-8X6-5)-25 

X 

X 

6-5 

4-8 

4-8 

'6-5 

X 

X 

(6-5X4-8)-l-l 

•X' 

(4-8X6-5)-l-3 

X 

X 

6-5 

4-8 

4-8 

6^5 

X 

X 

(6-5X4-8)-l-l- 

-3 

x< 

(4-8X6-5)-l-3-2 

X 

X 

6-5 

4-8 

4-8 

6-5 

X 

X 

(6-5X4-8)-l-l- 

-3-1 

>x« 

(4-8Xe-5)-l-3-2-l 

X 

X 

6-5 

4-8 

4^8 

X 

(6-5X4-8)-l-l- 

-3-1- 

-1 

X 

6-5 

METHODS  OF  C 

OM 

PARING  YIELDS 

Weather  conditions  were  exceedingly  unfavorable  following  emer- 
gence of  the  seedlings  in  1929.  Growth  was  slow,  and  the  stand, 
originally  good,  was  decimated  by  the  southern  corn  rootworm. 
Heavy  rain  on  June  21  flooded  the  field  and  caused  further  damage. 
As  a  result  of  these  conditions  it  was  impossible  to  obtain  seed  of  all 
the  combinations  or  as  much  seed  as  was  desired. 

Seed  was  obtained  in  quantities  for  what  seemed  adequate  replica- 
tion in  several  different  lines  of  breeding.  This  was  planted  in  1930, 
and  the  plants  emerged  to  a  good  stand  only  to  meet  the  serious 
drought  of  that  summer.  Where  the  soil  was  not  too  sandy,  reason- 
able growth  was  made  in  spite  of  the  drought.  The  corn  on  the 
sandy  spots  was  a  total  loss.  As  these  spots  occurred  at  more  or  less 
frequent  intervals  over  the  field  used  for  the  comparisons,  they  elimi- 
nated some  of  the  experiments  entirely  and  some  of  the  replications 
in  other  experiments.  Inasmuch  as  the  individual  replications  were 
small  and  each  was  a  unit  in  itself,  however,  it  was  possible  to  obtain 
results  for  several  comparisons  that  seem  reliable  within  the  limits  of 
their  errors.     The  present  discussion  is  confined  to  these. 

The  plan  of  planting  to  compare  the  effects  of  successive  generations 
of  back  pollinating  is  shown  in  Table  3.  Each  pedigree  represents  a 
13-hill  single-row  plot  of  the  kind  stated.  Excess  seeds  were  planted 
and  the  plot  was  thinned  to  a  final  stand  of  three  plants  per  hill. 
The  arrangement  was  such  that,  beginning  with  the  most  vigorous 
material,  the  Fi  cross,  the  inbreeding  of  the  successive  plots  increased 
to  that  represented  by  the  selfed  recurrent  parent  and  then  decreased 
again  to  the  Fi.     In  the  second  series  of  13-hill  row^s  the  order  was  the 


«  Used  in  place  of  (6-5X4-8)-l  and  (6-5X4-8)-l,  of  which  no  seed  was  available. 
67001—31 2 
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reverse  of  this,  and  the  third  series  was  similar  to  the  first.  For 
the  particular  experiment  shown  in  Figure  5  there  were  eight  replica- 
tions, but  for  most  of  the  comparisons  seed  was  available  for  only  six. 


Table  3. — Planting  arrangement  in  three  series  of  13-hill 
plants  per  hill,  for  comparison  of  successive  generations 

rows  of  corn  with  three 
of  back  pollinating 

Series  1 

Series  2 

Series  3 

6-5X540  Fi 

6-5  S»         

6-5X540  Fi 

6-5X  (540X6-5) 

6-5X(540X6-5<). 
6-5  X  (540X6-53). 
6-5  X  (540X6-52). 
6-5X  (540X6-5).. 
6-5X540  Fi  ... 

6-5  X  (540X6-5). 
6-5  X  (540X6-52). 
6-5X  (540X6-53). 
6-5  X  (540X6-51).- 
6-5  Sg 

6-5X  (540X6-52) 

6-5X(540X6-53)._     

6-5X(540X6-5<)- 

6-5  S» 

6-5  S» 

6-5X540  Fi 

6-5  Sg 

6-5  X  (540X6-5*) 

6-5X  (540X6-5).. 
6-5X(540X6-52). 
6-5X  (540X6-53). 
6-5X(540X6-5<)- 
6-5  S9 

6-5X(540X6-5<). 

8-5  X  (540X6-53). 

6-5X  (540X6-53) 

6-5X  (540X6-52) 

6-5X  (540X6-52). 
6-5X  (540X6-5). 
6-5X540  Fi 

6-5X(540X6-5) 

6-5X540  Fi 

6-5X540  Fi 

6-5  S» 

6-5X(540X6-5) 

6-5X(540X6-5<). 
6-5  X  (540X6-53). 
6-5X  (540X6-52). 
6-5  X  (540X6-5).. 
6-5X540  F] 

6-5  X  (540X6-52) 

6-5  X  (540X6-53)        

6-5X(540X6-5<) 

6-5  S» 

. 

The  plan  of  planting  for  comparing  crosses  of  the  nonrecurrent 
parent  with  the  successively  back-pollinated  lines  was  entirely  similar. 
Both  of  these  arrangements  minimized  competition  by  placing  together 
the  generations  most  nearly  alike.  Guard  rows  of  the  Fi  crosses  or 
of  the  selfed  parents  bordered  similar  rows  where  these  occurred  on 
the  outside.  Stands  were  nearly  perfect.  The  writers  do  not  believe 
that  competition  influenced  the  yields  materially  in  these  experiments, 
either  when  inequalities  occurred  because  of  the  differences  in  the 
vigor  of  adjacent  plots  or  because  of  the  very  minor  differences  in 
stand  which  existed. 

EXPERIMENTAL  DATA 

The  yields  presented  are  the  mean  air-dry  weights  of  ear  corn  from 
the  number  of  replications  stated.  Except  for  the  two  cases  noted, 
they  are  based  only  on  complete  replications.  The  product  of  three 
or  more  replications  of  each  experiment  was  dried  in  a  steam-heated 
room,  the  percentages  of  shrinkage  calculated,  and  the  yields  of  the 
other  replications  computed  to  air-dry  weights  from  these  data. 

The  probable  errors  for  the  individual  experiments  were  determined 
through'  the  analysis  of  variance  as  suggested  by  Fisher  (4-)-^  The 
net  variance  for  any  generation,  however,  was  maintained  in  the 
same  ratio  to  the  net  variance  for  the  experiment  as  the  total  variance 
for  that  generation  bore  to  the  total  variance  for  the  experiment. 
This  was  done  because  of  the  large  differences  in  yield  and  variability 
of  the  different  generations.  The  probable  errors  reported  for  the 
means  of  the  corresponding  generations  in  similar  experiments  are 
based  on  weighted  averages  of  the  variances  in  those  experiments. 
That  is,  the  different  experiments  are  not  treated  as  replications, 
but  their  yields  and  errors  are  averaged  only  to  provide  a  more 
convenient  basis  for  discussing  the  experiments  as  a  whole.  It  is 
believed  that  the  results  in  the  different  experiments  are  enough  alike 
to  warrant  this  simplified  consideration. 

The  yields  of  the  Fi  crosses  successively  back  pollinated  for  different 
numbers  of  generations  to  one  parent  and  the  yield  of  that  parent  are 
shown  in  Table  4.     The  number  of  replications  ranged  from  four  to 
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seven.  The  two  cases  in  which  one  generation  was  not  represented 
in  all  replications  are  indicated  by  references  to  footnotes  1  and  2. 
The  probable  errors  in  the  different  experiments  and  generations 
probably  differ  no  more  than  should  be  expected.  Their  averages 
for  the  different  generations  range  from  about  4  to  about  5  per  cent. 

Table  4. — Plot  yields  of  F\  corn  crosses  successively  back  pollinated  to  one  parent 
for  different  numbers  of  generations,  and  of  that  parent 


•Parent  stocks 

(NandR), 

number 


549-A  and  4-8. 
54^B  and  4-8. 
540  and  4-8.- - 
6-5  and  4-8... 
4-8and&-5..- 
540  and  6-5... 


Yields  for  designated  generation  and  for  pai'ent 


Rep-! 
lica-  I 
tions 


RXN,Fi 


\Num- 
ber 

'  4 
6 
6 
4 


!  Pounds 
23.2±0.60 
17.  7±  .  83 

20.  2±  .42 
19.  0±  .34 
16.  6±  .41 

21.  5±  .  78 


Mean i 19.7d=  .66 


RX 
(NXR) 


Pounds 
12. 4±0. 99 
10. 6±  .57 
13. 7±  .  44 

9.  8±  .  44 
10.  3±  .  23 
13.  6±  .  53 


11.  7±  .54 


RX 

(NXR2) 


Pounds 
7. 4it0. 61 
8.3±  .42 
10. 6±  .  33 

7.  5±  .  20|5.  Ozb 
2  6.8±  .21i7.7± 

8.  9db  .  3416.  8± 


RX 

(NXR3) 


RX 

(NXR*) 


Pounds    Pounds 
■>.  5±0. 14  4.  9±0. 


8.8± 
8.8± 


RX 

(NXR«) 


Pounds 


32  6.5±  .371- - 

358.3±.   24i 

28  4.  5±  .  191  2.  8±0. 09 
16  3.9±  .12!  3.9±  .21 
316.8±  .31 


8.  2±  .  37  7.  2zb  .  30  5.  8± 

i  1 


31 


»4.5±  .19 


RX 

(NXR«) 


Pounds 


R  (selfed) 


Pounds 


4.3±0.13 
5.  5±  .  22 
3. 1±0. 20   2. 4db  .  18 

'  2.8±  .13 

2.9±  .13 


M.6±  .20   3.6±  .16 


Only  4  replications. 


*  Only  5  replications. 


3  In  same  ratio  to  3.6  as  to  own  parents. 


The  product  of  each  generation  in  each  experiment  is  illustrated 
in  Figure  4.  Each  lot  shown  represents  the  mean  weight  for  all 
replications.  The  smaller  size  and  poorer  filling  of  the  ears  of  the 
more  inbred  generations  are  typical  and  perfectly  familiar  to  those 
who  have  carried  on  inbreeding  with  corn.  The  heights  of  the 
columns  of  ears  afford  a  fair  picture  of  the  actual  mean  yields.  This 
is  shown  more  clearly,  however,  in  Figure  5. 

The  excess  yield  of  an  Fi  cross,  A  X  B,  above  that  of  one  of  its  par- 
ents, B,  may  be  attributed  to  genes  brought  in  from  the  other  parent, 
A.  The  cross  will  be  heterozygous  for  these  genes,  and  successive 
generations  of  back  pollination  to  the  parent  B,  without  selection, 
will  decrease  the  percentage  of  heterozygosis  in  accordance  with 
the  series  K,  %,  %,  etc. 

Similarly,  if  the  excess  yield  occurs  because  the  genes  from  A  are 
dominant  and  favorable,  the  number  of  such  genes  in  each  generation, 
without  selection,  would  be  halved.  Under  either  hypothesis,  then, 
the  yield  of  a  cross  back  pollinated  to  one  parent  without  selection 
should  approach  the  yield  of  that  parent  as  a  limit  approximately  in 
accordance  with  the  same  series.  Effective  selection  of  the  more 
vigorous  plants  during  back  pollinating  would  retain  the  more  hetero- 
zygous individuals,  or  those  carrying  the  larger  numbers  of  dominant 
favorable  A  genes,  and  so  maintain  yield  above  the  theoretical. 

The  lower  limit  of  each  graph  in  Figure  5  represents  the  yield 
of  the  recurrent  parent  as  0  per  cent,  and  the  upper  limit  represents 
the  yield  of  the  Fi  cross  as  100  per  cent.  The  series  ji,  %,  %,  etc.,  is 
shown  by  the  solid  lines  as  the  theoretical  behavior  of  strains  back 
pollinated  without  selection.  The  observed  behavior  of  the  strains  back 
pollinated  with  selection  is  shown  by  the  broken  lines.  For  the 
experiment  with  stock  (549AX  4-8)  no  yield  of  the  recurrent  parent  is 
available,  and  the  theoretical  decrease  in  the  later  generations  is 
plotted  as  ji,  %,  etc.,  of  the  decrease  from  the  Fi  generation  to  the 
Fi  generation  back  pollinated  once. 
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The  data  from  the  different  experiments  are  in  excellent  major 
agreement.  The  lines  back  poUinated  once  range  closely  around  the 
mid-point  between  the  Fi  cross  and  the  recurrent  parent.  At  this 
stage  theory  and  observation  should  be  most  likely  to  agree,  as  there 


Figure  4.— Ears  harvested  from  one  replication  each  of  an  Fi  cross  (left),  of  that  cross  back  pollin- 
ated for  1,  2,  3,  etc.,  generations  to  one  of  the  inbred  parents,  and  (right)  of  that  inbred  parent,  for 
each  of  the  six  oxp:iriTnents 

could  be  practically  no  selection  among  the  Fi  plants  first  back  pol- 
linated. After  this  generation  selection  could  be  effective,  and  all  of 
the  yields  but  one  are  in  excess  of  the  theoretical  no-selection  yields 
based  on  a  series  K,  %,  %,  etc.     There  is  considerable  variation  in  the 
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amount  of  the  excess,  but  probably  no  more  than  reasonably  might  be 
expected  from  the  random  sampling  of  different  breeding  stocks  plus 
the  experimental  variation. 
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Figure  5.— Diagrams  showing  the  yields  of  Fi  crosses  as  100  per  cent,  of  the  recurrent  inbred 
parents  as  0  per  cent,  together  with  the  theoretical  jields  expected  without  selection  and  the 
observed  yields  obtained  with  selection  in  successive  generations  of  back  pollinating  to  the 
recurrent  parents  in  six  experiments 

The  mean  yields  of  the  different  generations  in  the  six  experiments 
are  shown  graphically  in  Figure  6.  The  actual  yields  are  indicated  on 
the  left  margin.  On  the  right  the  range  from  the  parent  to  the  Fi  cross 
again  represents  0  to  100  per  cent,  and  the  theoretical  no-selection 
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curve  is  shown  by  the  sohd  line.  The  excess  yields  of  the  lines  back 
pollinated  three  and  four  times  above  the  theoretical  appear  to  afford 
ample  evidence  that  selection  has  been  effective  in  retaining  some 

^___^ ^^     additional    favorable 

^l/^YA/  I  ^_       \  \  \  I  dominant  factors  en- 

tering the  cross  from 
the  nonrecurrent  par- 
ent, or  else  in  retain- 
ing plants  more  het- 
erozygous than  the  ex- 
pectancy. In  either 
case,  and  to  this  ex- 
tent, then,  the  lines 
at  these  stages  are 
more  nearly  like  the 
nonrecurrent  parents 
than  would  be  theoret- 
ical unselected  back- 
pollinated  lines. 

Leaving  the  results 
of  back  pollinating  for 
the  moment,  the  yields 
of  Fi  "crosses  between 
the  nonrecurrent  par- 
ent and  the  lines  re- 
covered after  succes- 
sive generations  of 
back  pollinating  with 
the  recurrent  parent 
are  shown  in  Table  5. 
These  data  include  for 
two  stocks  the  yields 
of  Fi  crosses  between 
two  lines  derived  by 
back  pollinating  a 
cross  to  each  of  its  par- 
ents. As  the  latter 
theoretically  should 
behave  like  the  former,  and  as  they  actually  appear  to  do  so,  no  fur- 
ther distinction  w^ill  be  made  between  them  here. 


/  2  3  ^  S 

6-ENE/2AT/ONS    OF  By4CK  POLU/^/IT/NG- 

mm  s£L£cr/oN,  observed 

NO  SELECT/OA/,     THEO/ZY 

Figure  6.— Diagram  showing  the  mean  yields  of  six  Fi  crosses  and  of 
the  six  recurrent  inbred  parents,  together  with  the  theoretical  yield 
expected  without  selection  and  the  observed  yield  obtained  with 
selection.  The  figures  2  and  1  in  the  fifth  and  sixth  generations  of 
back  pollinating  indicate  that  only  2  and  1  experiments  have  pro- 
gressed this  far 


Table  5. — Plot  yields  of  Fx  corn  crosses  back  pollinated  to  one  parent  for  different 
numbers  of  generations  and  then  crossed  with  the  nonrecurrent  parent 


Parent  stocks  (N  and  R) , 
number 


649-Aand4-8 

649-Band4-8. 

6-6  and  4-8 

4-8  and  6-5 

4-8X6-5  and  6-5X4-8. 
3X2  and  2X3...- 

Mean2. 


Rep- 
lica- 
tions 


Num- 
ber 


Yields  for  designated  generation' 


MvT?  V.       ^X  NX  NX  NX 

JNXKJ?2    (NXR2)     (NXR3)     (NXR*)     (NXR») 


Pounds 


11.  3±0.  54 
7.  3±  .  27 


9.4±  .55 


Pounds 
18.  5±0. 1 
16.  3±  .  2 

12.  2±  .  2 
11.  5±  .3 

13.  8±  .  2 
9.0±  .4 


13.  5±  .29 


Pounds 
20. 1  ±0.23 
17. 6±  .31 
14.  9±  .  17 

14.  7±  .  33 

15.  6±  .17 
11.4±1.05 


15.  7±  .36 


Pounds 
21. 1±0. 24 
19. 0±  .  30 
13.  9±  .  26 
16.  4±  .  29 
16.  4±  .  23 
18.  0±  .92 


17.  5±  .  35 


Pounds 


14. 4±0. 29 


18.  6±  .  16 
18.  8±  .79 


NX 

(NXR«) 


Pounds 


NXR,  Fi 


Pounds 
21. 1±0. 65 
17. 8db  .  20 
15.0±0.22|15.4±  .31 

|17.6±  .24 

Il7.7±  .37 

.jl7.5±1.32 

18.  3±  .o8|l7.4±  .2217,8±  .48 


1  For  (4-8X6-5) X (6-5X4-8)  and  for  (3X2)X(2X3),  both  parents  were  back  pollinated  the  some  number 
of  generations  before  crossing. 

2  Mean  values  not  based  on  all  crosses  are  computed  to  same  ratio  to  the  mean  of  the  Fi's  as  to  their  own  Fi's. 
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The  more  uniform  soil  occupied  by  these  experiments  is  reflected  in 
the  fact  that  all  six  rephcations  could  be  used  in  all  of  the  experiments 
but  one,  in  which  four  were  available.  Moreover,  the  probable  errors 
are  slightly  smaller  than  in  the  experiments  on  back  polhnating. 


Figure  7.— Ears  harvested  from  one  replication  of  eacii  generation  in  the 
six  experiments  on  recrossing  after  back  pollinating 

The  appearance  of  the  crop  from  each  of  the  different  generations 
is  shown  in  Figure  7.  Here,  too,  each  lot  represents  the  mean  weight 
of  ears  for  each  generation. 

Just  as  the  yields  under  continuous  back  pollination  without  selec- 
tion should  approach  the  yield  of  the  recurrent  parent,  so  the  yields  of 


16  TECHNICAL  BULLETIN  267,  U.  S.  DEPT.  OF  AGRICULTURE 


crosses  between  unselected  back-pollinated  lines  and  the  nonrecurrent 
parents  should  approach  the  yields  of  the  original  Fi  crosses  as  a  limit, 
according  to  the  series  ji,  %,  etc.  The  solid  lines  in  Figure  8  show  this 
theoretical  behavior  for  crossing  following  back  pollinating  without 
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Figure  8.— Diagrams  showing  the  yields  of  crosses  of  the  type  NXCNXR^),  NX(NXR3),  etc.,  and 
of  the  original  NXR,  Fi  for  comparison,  in  the  six  experiments  on  recrossing  after  back  poUinating 

selection.     The  broken  lines  show  the  observed  yields  of  crosses  made 
following  back  pollinating  with  selection. 

No  data  on  the  N  X  (N  X  R)  generation  are  available  for  the  crossing 
experiments.  In  the  experiments  on  back  pollinating  the  mean  yield 
of  this  generation,  i.  e.,  the  Fi  crosses  which  had  been  back  pollinated 
once,  was  almost  exactly  50  per  cent  of  the  range  from  the  parents  to 
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the  Fi  crosses.  On  the  basis  of  numerical  relationships,  the  yield  of 
the  cross  following  one  generation  of  back  pollinating,  NX  (NxR^), 
would  be  halfway  farther  toward  the  original  Fi,  or  75  per  cent  of  the 
total  range.  Accordingly,  the  percentages  shown  on  the  graphs  are 
on  a  scale  of  from  75  per  cent  for  the  N  X  (N  XE^)  generation  to  100 
per  cent  for  the  original  cross.  The  theoretical  points  for  the  succeed- 
ing generations  represent  increments  of  one-half  of  the  remaining 
range. 

The  results  in  the  different  experiments  again  seem  sufficiently 
uniform  to  warrant  discussion  on  the  basis  of  the  average  tendencies. 
The  mean  yields  of  the  corresponding  generations  are  shown  graph- 
ically in  Figure  9.  Here,  as  in  the  back-pollinating  experiments,  the 
observed  yields  ob- 
tained with  selection 
are  in  excess  of  the 
theoretical  values  for 
no  selection.  In  fact, 
the  mean  yield  of  the 
6  crosses  made  follow- 
ing 3  generations  of 
back  pollinating  is 
almost  equal  to  that 
of  the  original  crosses, 
and  the  mean  yield  of 
the  3  crosses  made  fol- 
lowing 4  generations 
of  back  pollinating  is 
in  slight  excess  of  that 
of  the  original  crosses. 
On  the  basis  of  these 
data,  it  required  only 
three  or  four  genera- 
tions of  back  pollinat- 
ing to  the  recurrent 
parent  to  produce  re- 
-covered   lines    which 
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Figure  9.— Diagram  showing  the  mean  yields  for  six  experiments  of 
crosses  of  the  type  NX(NXR').  NX(NXR»),  etc.,  and  the  original 
NXR,  F, 

behaved  like  that  parent  in  crosses  with  the  nonrecurrent  parent.  This 
answers  the  second  question,  namely,  how  long  must  back  pollinating 
be  continued. 

DISCUSSION 

The  data  for  the  experiments  on  back  pollinating  and  crossing  are 
shown  graphically  in  Figure  10.  Because  of  the  losses  of  some  of  the 
experiments  undertaken,  two  of  the  six  lines  in  the  back-pollinating 
experiments  are  not  represented  in  the  crossing  comparisons.  Simi- 
larly, data  are  not  available  on  the  back-pollinated  lines  used  in  one 
of  the  six  crossing  experiments.  This  lack  of  strict  comparability  is 
unfortunate,  but  does  not  appear  seriously  to  limit  the  value  of  the 
results  obtained.  As  plotted  in  Figure  10,  the  mean  yield  of  the  recur- 
rent parents  is  0  per  cent  and  that  of  the  foundation  Fi  crosses  is  100 
per  cent.  The  data  on  crossing  have  been  displaced  one  generation 
to  the  left  so  as  to  bring  those  for  crossing  following  x  generations  of 
back  pollinating  on  the  same  ordinates  as  those  for  the  parents  back 
pollinated  x  times. 
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C/aOSS/Nc5- 


RELATION  TO  THE  THEORY  OF  HYBRID  VIGOR 

The  average  yield  of  the  six  Fi  crosses  back  pollinated  once  to  their 
recurrent  parents  was  almost  exactly  midway  between  the  average 
yield  of  the  Fi  crosses  and  that  of  the  recurrent  parents.  In  these 
experiments,  then,  regardless  of  their  method  of  action,  one-half  of  the 
original  number  of  genes  from  the  nonrecurrent  parent  was  one-half 
as  effective  as  the  original  number.  This  same  relation  may  be  ex- 
pected to  hold  on  the  average  for  the  smaller  fractions  of  the  nonre- 
current-parent genes  that  would  be  present  after  additional  genera- 
tions of  back  pollinat- 
ing to  the  recurrent 
parent.  As  a  matter 
of  fact,  the  yields  of 
lines  back  pollinated, 
with  selection,  for 
three  and  four  gener- 
ations were  consist- 
ently and  significantly 
in  excess  of  the  theo- 
retical no-selection 
values. 

It  is  reasonable  to 
conclude  that  this  ex- 
cess yield  was  due  to 
genes  from  the  non- 
recurrent parent  re- 
tained by  selection 
during  back  pollinat- 
ing, in  excess  of  those 
that  would  be  expect- 
ed from  the  mere  proc- 
ess of  halving.  These 
selected  back-polli- 
nated lines,  therefore, 
were  more  nearly  like 
the  nonrecurrent  par- 
ents than  would  be 
unselected  back-polli- 
nated lines.  It  fol- 
lows immediately  that 
crosses  between  the 
nonrecurrent  parents  and  the  selected  back-pollinated  lines  would 
be  less  heterozygous  than  would  analogous  crosses  involving  unse- 
lected back-pollinated  lines.  If  heterozygosis,  as  such,  were  the  cause 
of  hybrid  vigor,  these  less  heterozygous  crosses  should  yield  less  than 
the  theoretically  expected  yields  of  crosses  involving  unselected  back- 
pollinated  lines.  The  actual  crosses  involving  selected  lines  yielded 
significantly  more  than  the  theoretical  values,  however,  and  the  results 
accordingly  are  in  direct  negation  of  the  hypothesis  that  heterozygosis, 
as  such,  is  the  cause  of  hybrid  vigor. 

This  last  conclusion  is  based  on  deviations  from  expected  theoretical 
values.     It  is  supported  and  strengthened  by  other  facts  in  the  cross- 


/e^/v     Rj<(A/j(e)    /^xf//^/^■^J  e^f/^jre^J /Pxf/Vyr^'fJ/d-rf/v^/s^J  ffjrf//x/?'^J 

mTfi    SELECT/ON ,   OBSE£V£P 

/V(?  SELECT/ON,    TttEoey 

Figure  10.— Diagram  of  the  mean  yields  in  the  back  pollinating  and 
the  recrossing  experiments 
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ing  experiments.  The  Fi  crosses  (3  X  2*)  X  (2  X  3*)  and  (3  X  2^)  X  (2  X  3^) 
yielded  more  than  the  actual  parental  Fi  cross  2X3.  (Table  4  and 
fig.  8.)  Data  are  not  available  in  these  experiments  to  show  that 
(3X2^)  and(3X25)  are  superior  to  2  and  that  (2X3')  and  (2X3^)  are 
superior  to  3.  It  may  be  stated  from  a  knowledge  of  the  stocks, 
however,  that  such  is  the  case.  This  superiority  can  be  the  result 
only  of  genes  from  the  other  lines  not  yet  lost  through  back  pollinating. 
The  Fi  crosses  between  these  partly  recovered  lines,  accordingly,  are 
less  heterozygous  but  more  productive  than  the  parental  Fi  cross. 

A  similar  situation  occurs  for  the  cross  (4-8  X  6-5^)  X  (6-5  X  4-8^) 
in  comparison  with  the  parental  Fi  cross  6-5X4-8.  (Table  4  and 
fig.  8.)  Here,  however,  data  on  the  back-pollinated  lines  (Table  3  and 
fig.  5)  show  them  after  four  generations  of  back  pollinating  (NxR^) 
to  have  been  significantly  more  productive  than  their  selfed  parents. 
Finally,  the  cross  of  549-B  X  (549-B  X  4-8*)  was  much  more  productive 
than  549-B  X  4-8.  In  all  of  these  cases,  then,  the  less  heterozygous 
crosses  were  more  productive  than  were  comparable,  more  hetero- 
zygous crosses.  This  appears  to  constitute  crucial  evidence  that 
heterozygosis,  as  such,  has  not  been  the  cause  of  hj^brid  vigor  within 
the  limits  of  the  differences  in  yield  between  the  parent  lines  and  the 
selected  back-pollinated  lines  in  these  experiments. 

Heterozygosis,  however,  is  not  excluded  completely  as  a  possible 
partial  cause  of  hybrid  vigor.  There  was  a  tendency  for  the  selected 
lines  and  their  crosses  to  approximate,  with  consistent  departures,  the 
theoretical  curves  for  back  pollination  without  selection.  The  gen- 
eral approximation  might  result  from  either  (1)  a  decrease  in  hetero- 
zygosis, or  (2)  a  lack  of  effective  selection  during  back  pollination. 
Such  a  lack  of  effective  selection  might  be  due  to  the  fact  that  many 
genes  of  small  individual  effect  precluded  it  or  to  the  conduct  of  this- 
particular  experiment. 

The  lines  recovered  by  back  pollinating  in  these  experiments  now 
have  been  self-pollinated  for  two  additional  generations.  They  are 
more  nearly  like  the  nonrecurrent  parents  than  were  the  foundation 
stocks.  If  these  recovered  lines  produce  results  in  a  second  cycle  of 
convergent  improvement  comparable  to  those  reported  here,  the  prob- 
ability that  dominant  genes  are  the  sole  cause  of  hybrid  vigor  will  have 
been  further  increased.  Thus,  with  each  repetition,  the  possible 
importance  of  heterozygosis  as  such  should  be  shown  to  be  less  and 
less,  or  otherwise,  depending  upon  the  results.  The  possibility  that 
heterozygosis  has  some  effect  can  not  be  excluded  completely,  however, 
unless  high-yielding  lines  can  be  obtained  which  do  not  decrease  in 
vigor  with  inbreeding. 

RELATION  TO  CORN  BREEDING 

Since  they  concern  the  cause  of  hybrid  vigor,  the  results  of  these 
experiments  naturally  bear  on  the  theory  of  present-day  corn  breeding. 
They  have,  however,  far  more  concrete  relations.  Any  progress 
made  is  progress  in  an  actual  experimental  program  of  corn  improve- 
ment involving  breeding  stocks  of  demonstrated  productiveness  in 
hybrid  combination.  Furthermore,  the  results  provide  reasonably 
definite  evidence  on  methods  that  may  be  followed  in  similar  programs 
of  corn  breeding. 

Three  of  the  six  crosses  between  the  nonrecurrent  parent  and  the 
lines  back  pollinated  to  the  recurrent  parent  for  three  generations- 
were  more  productive  than  the  Fi  crosses  between  the  foundation 
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parents.  An  additional  cross  between  recovered  lines  after  four  gen- 
erations of  back  pollinating  was  more  productive  than  the  foundation 
cross.  The  actual  lines  used  in  these  experiments  were  chosen  from 
the  breeding  program  as  a  whole,  more  or  less  at  random,  largely  on 
the  basis  of  remnant  seed  available  in  the  different  generations. 
Accordingly,  it  seems  reasonable  to  conclude  that  three  or  four  genera- 
tions of  back  pollinating  are  adequate  to  recover  the  important  part 
of  the  recurrent  parent  genotype,  that  is,  the  part  necessary  for  the 
recovered  line  to  behave  like  the  recurrent  parent  in  crosses. 

This  does  not  mean  that  every  line  after  three  or  four  generations 
of  back  pollinating  will  behave  in  crosses  like  the  recurrent  parent, 
but  that  some  among  every  few  that  are  tested  are  very  likely  to  do  so. 
This  substitutes  perhaps  three  or  four  generations  of  back  pollinating 
for  the  six  postulated  as  possibly  necessary  in  the  original  publication 
(7).  Experience  also  indicates  that  only  two  or  three  generations  of 
selfing  after  back  pollinating  will  be  required  to  fix  the  recovered 
lines  sufficiently  for  a  second  cycle  of  convergent  improvement.  If 
this  latter  indication  is  supported  in  future  experiments,  some  5  to  7 
generations  for  a  cycle  will  be  substituted  for  the  possible  12  originally 
suggested.     This  would  materially  shorten  the  time  required. 

It  seems  sufficiently  clear  that  back  pollinating  must  be  continued 
three  or  four  generations.  How  much  advantage  can  be  retained  at 
this  stage?  Of  the  six  back-pollinated  lines  compared  in  these  experi- 
ments, all  yielded  more  than  would  be  expected  from  theoretical  un- 
selected  lines.  The  average  excess  above  the  theoretical  was  30  per 
cent  of  the  yield  of  the  recurrent  parents  after  three  generations  and 
27  per  cent  after  four  generations  of  back  pollinating. 

Inasmuch  as  this  excess  presumably  is  due  to  the  retention  of  addi- 
tional dominant  genes  from  the  nonrecurrent  parent  by  selection 
during  back  pollinating,  the  recovered  lines  are  heterozygous  for  these 
genes.  Accordingly,  with  self-fertilization  and  without  selection,  only 
half  of  these  would  be  retained,  becoming  homozygous,  whereas  the 
recessive  allelomorphs  of  the  other  half  would  become  homozygous. 

On  this  basis,  one-half  of  the  excess  at  the  termination  of  back  pol- 
linating should  be  retained  after  continued  selfing  without  selection. 
It  seems  reasonable  to  assume,  therefore,  pending  further  evidence, 
that  at  least  one-half  of  this  gain  can  be  retained.  This  would  be  a 
permanent  improvement  of  some  13  to  15  per  cent  in  the  productive- 
ness of  the  inbred  stocks.  Considering  the  fact  that  opportunity  for 
selection  in  these  stocks  has  been  materially  less  than  is  desirable  for 
such  a  program,  as  already  noted,  this  seems  to  constitute  a  real  gain. 

This  gain  is  in  vigor  as  measured  by  productiveness.  There  are 
other  objectives  in  corn  breeding.  Thus,  for  some  of  the  recurrent 
parents  used,  resistance  to  lodging  was  one  of  the  very  important 
characters  sought.  Much  improvement  has  been  accomplished  in 
this  direction.  Again,  all  of  the  lines  of  C.  I.  No.  227  have  a  red 
pericarp,  which  is  undesirable,  and  some  have  white  endosperm  for 
which  it  was  desired  to  substitute  yellow.  Both  of  these  desiderata 
have  been  accomplished  wholly  or  in  part.  Finally,  227-6  has  such 
scanty  pollen  that  it  is  difficult  to  maintain.  After  four  generations 
of  back  pollinating,  lines  have  been  recovered  which  strongly  resemble 
227-6  but  which  have  ample  pollen.  Some  of  the  recovered  lines  in 
which  miscellaneous  improvement  has  been  accomplished  are  not 
represented  in  the  experiments  for  which  data  have  been  reported  but 
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remain  to  be  tested.  They  appear,  however,  to  be  more  productive 
than  the  recurrent  parents,  in  addition  to  their  superiority  in  the  spe- 
cific character  sought.  There  also  seems  no  reason  to  suppose  that 
some  of  the  several  lines  represented  in  each  stock  should  not  behave 
much  like  the  recurrent  parents  in  crosses  mth  the  nonrecurrent 
parents. 

One  further  condition  remains  to  be  noted.  Convergent  improve- 
ment was  suggested  as  a  means  of  increasing  the  productiveness  of 
inbred  lines  without  interfering  with  their  behavior  in  hybrid  combi- 
nation. In  the  six  comparisons  of  crossing  after  back  pollinating 
reported  here,  at  least  three  of  the  crosses  between  recovered  lines 
yielded  more  than  the  foundation  crosses.  These  results  suggest, 
therefore,  that  convergent  improvement  may  be  utilized  not  only  to 
improve  the  inbred  parents  but  also  to  increase  the  productiveness  of 
the  crosses  in  which  these  parents  are  used.  This  may  provide  a 
method  by  which  the  yields  of  our  present  crosses  can  be  brought  to  an 
even  higher  level. 

SUMMARY 

The  yields  of  Fi  crosses  between  selfed  lines  of  corn  back  pollinated 
once  to  one  parent  were,  in  accordance  with  theory,  almost  exactly 
intermediate  between  the  yields  of  the  parents  and  those  of  the  Fi 
crosses.  The  yields  of  progeny  lines  derived  by  successive  generations 
of  back  pollinating  to  the  same  recurrent  parent,  with  selection  of  the 
more  vigorous  plants  in  each  generation,  were  somewhat  above  the 
theoretical  yields  for  back  pollinating  without  selection. 

The  yields  of  Fi  crosses  between  these  selected  back-pollinated 
lines  and  the  nonrecurrent  parents  also  were  in  excess  of  the  theoretical 
values  for  similar  crosses  with  unselected  back-pollinated  lines. 

The  excess  yields  of  the  selected  back-pollinated  lines  may  be 
attributed  to  dominant  favorable  genes  retained  by  selection  during 
the  back  poUinating.  The  fact  that  the  yields  of  the  crosses  involving 
these  lines  also  are  in  excess  of  the  theoretical  values  for  back  polli- 
nating without  selection  supports  the  hypothesis  of  dominant  genes 
as  the  cause  of  hybrid  vigor  and  is  in  contravention  of  the  physiologic- 
stimulation  hypothesis. 

The  yields  of  the  crosses  made  following  three  and  four  generations 
of  back  pollinating  were  approximately  equal  to  the  yields  of  the  Fi 
crosses  between  the  foundation  parent  lines.  Three  or  four  genera- 
tions of  back  pollinating  to  a  recurrent  parent,  then,  was  enough  to 
recover  lines  which  behaved  like  that  parent  in  crosses  with  the 
nonrecurrent  parent.  In  these  generations  there  was  an  indicated 
permanent  improvement  of  13  to  15  per  cent  over  the  recurrent  parent, 
allowing  for  differences  in  the  degree  of  inbreeding. 

In  addition  to  the  larger  yields  of  the  recovered  lines,  improvement 
has  been  achieved  in  ability  to  resist  lodging  and  in  the  amount  of 
pollen  shed.  Yellow  endosperm  has  been  substituted  for  white  and 
clear  pericarp  for  red,  all  without  changing  significantly  the  behavior 
of  the  lines  in  crosses. 

Convergent  improvement,  suggested  originally  from  theoretical 
considerations  as  a  means  of  improving  selfed  lines  of  corn  without 
interfering  with  their  behavior  in  hybrid  combination,  so  far  has 
been  found  successful.  Furthermore,  the  results  suggest  that  this 
method  also  may  provide  a  means  by  which  the  yields  of  Fi  crosses 
between  selfed  lines  can  be  raised  to  an  even  higher  level. 
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INTRODUCTION 

Since  the  issuance  of  the  pubUcations  by  Sando  {pY  on  the  process 
of  ripening  in  tomatoes  and  by  Diehl  {2)  on  the  chilUng  of  tomatoes, 
interest  in  the  subject  of  the  ripening  of  tomatoes  has  increased  and  a 
considerable  demand  has  developed  for  further  information.  Of 
especial  interest  is  the  effect  on  their  subsequent  ripening  of  exposing 
tomatoes  to  low  temperatures  while  in  the  mature  green  stage.  Other 
problems  needing  investigation  are  the  effects  of  different  storage 
temperatures  on  the  ripening  and  holding  of  both  green  and  ripe  fruit. 
Such  information  is  of  particular  interest  to  shippers  and  carriers  of 
southern-grown  tomatoes  that  are  commonly  shipped  to  northern 
markets  during  the  winter  months  when  they  are  subject  to  low 
temperatures  while  in  transit.  It  is  also  of  value  to  those  northern 
growers  interested  in  determining  the  proper  temperatures  for  the. 
storing  and  ripening  of  tomatoes  after  freezing  weather  has  stopped 
natural  development  on  the  vines.  The  object  of  this  publication  is 
to  enlarge  upon  and  supplement  the  investigations  reported  by  Diehl. 

The  question  of  the  effect  of  low  temperatures  on  tomatoes  has  been 
the  subject  of  considerable  discussion  and  even  of  litigation.  Among 
many   commercial   handlers    the   opinion   seems   firmly   fixed    that 

1  Credit  is  due  L.  A.  Hawkins,  formerly  leader  of  the  project  under  which  this  work  was  done,  for  helpful 
suggestions  and  criticisms  during  the  progress  of  the  work. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  34. 
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tomatoes,  when  subjected  to  temperatures  of  40°  F.  and  below, 
within  a  comparatively  short  time  are  rendered  incapable  of  ripening 
properly  when  subsequently  put  in  a  favorable  ripening  temperature. 
Investigators  have  long  recognized  that  some  of  the  conditions  found 
in  shipped  tomatoes  and  attributed  to  chilling  injury  very  often  are 
not  due  to  chilling.     Link  ^  says : 

The  soft  and  flabby,  as  well  as  the  wrinkled  and  shriveled  condition  noted  in 
Mexican  tomatoes,  is  generally  assumed  to  be  due  to  freezing  or  chilling.  My 
observations  made  in  Los  Angeles,  Mexicali,  Calexico,  Nogales,  Houston,  and 
New  Orleans  markets,  show  that  this  assumption  is  incorrect.  Mexican  tomatoes 
examined  in  these  markets  showed  the  same  symptoms  noted  in  our  northern 
markets.  The  assumption  is  finally  and  completely  disposed  of  by  my  finding 
the  same  symptoms  in  33  cars  of  Mexican  tomatoes  which  I  inspected  at  Nogales, 
Mexico.  These  shipments,  just  as  those  noted  at  Los  Angeles,  Mexicali,  Calexico, 
Houston,  and  New  Orleans,  had  not  been  chilled  "coming  over  the  mountains," 
as  is  generally  stated,  because  there  are  no  mountains  to  come  over,  and  because 
they  had  not  been  within  a  hundred  miles  of  freezing  temperatures. 

Ramsey  ^  further  states  that — 

*  *  *  produce  dealers  recognize  injury  due  to  delayed  ripening  and  poorly 
flavored  tomatoes,  but  sometimes  fail  to  appreciate  the  fact  that  many  factors 
other  than  temperature  may  play  an  important  part  in  accounting  for  poor 
quality  of  the  stock.  Unsatisfactory  ripening  may  be  due  to  chilling,  to  immature 
poor  quality  fruit,  or  to  poor  handling  in  the  ripening  room. 

It  was  demonstrated  by  Diehl  (2)  that  tomatoes  could  be  exposed  to 
low  temperatures  just  above  their  freezing  point  for  as  long  as  five 
days  without  apparent  injury.  Another  writer  (1)  concludes  from 
his  experience  that  tomatoes  stored  for  five  or  six  days  at  34°  F. 
will  not  thereafter  ripen  normally,  and  injury  will  follow  storage  at 
50°  ''for  more  than  a  short  time,"  as  indicated  by  failure  to  develop 
normal  color  and  the  rapid  development  of  decay  on  removal.  On 
the  other  hand.  Plank  and  Schneider  (7)  report  from  results  obtained 
in  1926  that  ripe  tomatoes  can  be  held  four  to  five  weeks  at  32° 
without  injury.  MacGillivray  (4)  in  1926  reported  a  smaller  loss  in 
sugar  and  acid  in  ripe  fruit  stored  at  52.5°  than  at  higher  temperatures. 

It  is  a  more  or  less  common  and  well-known  practice  after  the  first 
killing  frost  to  remove  the  remaining  tomatoes  from  the  vines  or  to 
lift  the  entire  vine  with  the  tomatoes  attached  and  allow  the  toma- 
toes to  ripen  in  a  cellar,  coldframe,  or  other  suitable  place.  The 
existence  of  such  a  custom  shows  that  temporary  chilling  at  com- 
paratively low  temperatures  does  not  in  itself  prevent  ripening. 

From  certain  studies  in  the  storage  and  ripening  of  tomatoes,  Rosa 
(5)  concluded  that  tomatoes  ripened  most  favorably  at  a  temperature 
of  77°  F.,  while  at  51.8°  the  ripening  process  was  very  slow,  and  at 
46.4°  and  39.2°  ripening  was  almost  inhibited. 

The  present  investigations  were  conducted  during  the  seasons  oi 
1925  to  1928,  inclusive,  on  tomatoes  grown  on  the  Arlington  Experi- 
ment Farm  near  Washington  and  in  1930  on  Florida-grown  fruit 
purchased  on  the  market  in  Washington.  The  varieties  grown  for 
this  work  were  Globe,  Stone,  and  the  new  variety  Marglobe,  which 
promises  to  become  of  great  commercial  importance  owing  to  its 
productiveness,  hardiness,  and  resistance  to  nailhead  rust.  On  the 
ground  used  for  growing  tomatoes  for  these  experiments  the  Mar- 
globe  produced  considerably  more  desirable  fruits  than  the  other 

3  Link,  G.  K.  K.  chilling  and  freezing  injury  of  tomatoes.  U.  S.  Dept.  Agr.,  Bur.  Markets 
Memo.  40,  3  p..  Mar.  30,  1920.    [Mimeographed.] 

«  Ramsey,  G.  B.  freezing  and  chilling  injury  of  tomatoes.  U.  S.  Dept.  Agr.,  Bur.  Agr,  Econ. 
Memo.  69,  3  p.,  Jan.  10,  1929.    [Mimeographed.] 
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varieties;  consequently  the  majority  of  the  experiments  were  carried 
on  with  this  variety. 

In  outhning  these  experiments  two  principal  objectives  were  in 
view.  One  was  to  determine  the  effects  of  chilling  on  tomatoes  at 
various  degrees  of  maturity  and  the  other  to  determine  the  rate  of 
ripening  at  various  temperatures.  It  will  be  noted  that  the  time 
required  for  ripening  under  optimum  conditions,  as  reported  here- 
with, is  apparently  greater  than  that  required  in  commercial  ripening 
rooms.  However,  it  must  be  remembered  that  commercial  southern- 
grown  tomatoes  usually  have  a  4-day  to  6-day  haul  before  getting 
into  ripening  rooms,  whereas  the  tomatoes  used  in  these  experiments 
were  put  into  ripening  or  storage  rooms  directly  after  being  picked. 

RESULTS  IN  1925 

Plants  of  proper  size  were  set  in  the  field  on  May  25,  1925.  In 
preparation  for  the  storage  and  ripening  investigations  and  in  order 
to  have  definite  knowledge  of  the  state  of  maturity  of  the  experi- 
mental material  used,  freshly  opened  blossoms  were  periodically 
marked  by  attaching  small  paper  tags  to  the  stems,  as  described  in 
previous  investigations  on  this  subject.  Tagging  commenced  July 
8  and  was  repeated  at  3-day  or  4-day  intervals,  until  August  31,  only 
freshly  opened  blossoms  of  the  day  the  tagging  was  done,  or  possibly 
the  day  previous,  being  used.  By  exercising  care,  blossoms  usually 
not  over  a  day  old  could  be  selected,  and  later  the  tagged  fruit  within 
a  day  of  any  age  desired  could  be  selected  when  wanted.  As  differ- 
ent colored  tags  were  used  for  each  successive  period,  lots  of  tomatoes 
of  various  ages  sufficient  for  sampling  were  easily  found  when  needed ; 
also,  successive  pickings  of  fruit  tagged  the  same  day  could  easily  be 
made.  Most  of  the  blossoms  tagged  after  July  30  dropped,  and  those 
that  did  set  produced  very  few  desirable  fruits. 

LOW-TEMPERATURE  EXPOSURE  AND  RIPENING 

In  the  first  experiments  carried  out  to  determine  the  effect  of  cer- 
tain low  temperatures  on  the  ripening  of  tomatoes,  lots  of  mature 
green  Globe  and  Marglobe  fruits  42  days  from  blossoming  were 
packed  in  4-quart  baskets,  and  put  in  32°  F.  storage.  When  picked, 
all  showed  a  whitening  about  the  blossom  ends,  but  no  pink  color 
had  developed.  After  exposure  to  the  32°  temperature  for  1,  2,  3,  4, 
and  8  days,  baskets  of  each  variety  were  removed  to  the  ripening 
room  and  held  at  70°  with  a  relatively  high  humidity  (85  per  cent). 
Inspections  to  determine  the  number  of  ripe  specimens  were  made  7, 
11,  14,  and  19  days  after  picking.  The  actual  number  of  days  in  the 
ripening  room  may  be  determined  from  the  difference  between  the 
number  of  days  after  picking  and  the  length  of  exposure  to  the  stor- 
age temperatures  used.  Fruits  passed  as  ripe  were  at  least  three- 
fourths  fully  colored.  The  results  of  the  inspections  are  shown  in 
Table  1. 

The  results  of  the  tests  showm  in  Table  1  indicate  that  ultimate 
ripening  in  all  of  the  specimens  was  not  prevented  by  exposure  to 
32°  F.  for  as  long  as  4  days,  and  no  great  difference  in  rate  of 
ripening  was  shown  in  the  lots  exposed  from  1  to  4  days.  After 
the  8-day  period  of  exposure  to  a  temperature  of  32°,  ripening  was 
so  delayed  that  specimens  classed  as  ripe  were  not  found  until  the 
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inspection  on  the  nineteenth  day  after  picking.  At  the  time  of  this 
inspection  31  per  cent  of  Marglobes  and  25  per  cent  of  Globes  were 
ripe,  and  although  a  few  of  those  not  yet  ripe  were  in  good  condition 
and  apparently  would  have  ripened  had  the  experiment  been  con- 
tinued, most  of  the  yet  unripened  fruit  showed  evidence  of  breaking 
down  or  actual  decay  at  this  time.  After  the  other  periods  of  expos- 
ure, 100  per  cent  of  the  fruits  were  found  to  be  fully  ripe  by  the  nine- 
teenth day,  although  ripening  was  delayed  in  proportion  to  the  length 
of  such  exposure. 

Table  1.^ — Rate  of  ripening  of  Marglohe  and  Globe  tomatoes  in  the  ripening  room  at 
70°  F.  after  varying  periods  of  exposure  to  a  temperature  of  32°,  as  determined  by 
successive  inspections 


Period  of  previous  exposure  at  32°  F. 


1  day,- 

2  days- 

3  days- 

4  days- 
8  days- 


Percentage  of  fruit  ripened  (at  70°  F.)  at  intervals  shown 
after  picking — 


Marglobe 


7  days 


11  days 


14  days 


19  days 


100 
100 
100 
100 
31 


Globe 


7  days 


11  days 


14  days 


19  days 


100 
100 
100 
100 
25 


In  the  next  experiment  it  w^as  desired  to  compare  the  effect  of  low- 
temperature  exposure  on  tomatoes  of  different  ages;  therefore  three 
duplicate  lots  of  tagged  tomatoes  of  the  Marglobe  variety,  represent- 
ing those  that  were  40,  37,  and  33  days  from  bloom,  were  picked. 
Two  or  three  specimens  of  those  that  were  40  days  from  bloom  showed 
faint  traces  of  pink.  The  remainder  at  this  age  were  mostly  green, 
but  showed  a  whitening  around  the  blossom  ends.  The  other  two 
groups  were  quite  green  and  averaged  somewhat  smaller  in  size. 
The  difference  in  the  ages  of  these  two  groups  could  not  have  been 
determined  without  the  aid  of  the  tags.  The  specimens  of  these 
three  lots  were,  on  the  whole,  not  so  large  as  the  average  of  the  suc- 
ceeding lots,  because  of  a  2-week  drought  which  occurred  shortly 
after  the  tagging.  A  4-quart  basket  of  tomatoes  of  each  group  was 
held  as  a  check  or  control  at  a  temperature  approximating  70°  F., 
while  an  additional  basket  of  each  was  held  at  32°  for  24  hours  and 
then  placed  with  the  checks.  Inspections  were  made  after  3,  6, 
and  10  days. 

Table  2  shows  that,  although  exposure  for  24  hours  at  32°  F.  appar- 
ently delayed  the  ripening  of  green  tomatoes  40,  37,  and  33  days 
from  bloom,  the  delay  was  slight,  and  at  the  time  of  the  third  inspec- 
tion, 10  days  after  picking,  all  the  exposed  tomatoes  as  well  as  those 
not  exposed  were  ripe.  Three  and  six  days  after  picking  the  control 
lots  40  and  37  days  from  bloom  showed  more  ripe  tomatoes,  but  it 
should  be  noted  that  in  all  cases  the  control  lots  were  in  the  ripening 
room  24  hours  longer  than  the  exposed  lots,  which  were  exposed  to 
a  temperature  of  32°  during  this  extra  day.  In  all  lots  of  tomatoes, 
low-temperature  exposure  delayed  ripening  but  did  not  prevent 
ultimate  normal  ripening  by  the  tenth  day.  The  rate  of  ripening, 
as  shown  by  the  third-day  inspection,  increased  as  the  age  of  the  fruit 
from  blossoming  increased; 
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Table  2. — Rate  of  ripening  of  Marglohe  tomatoes  picked  33,  37,  and  Jfi  days  from 
bloom,  in  the  ripening  room  at  70°  F.,  after  exposure  to  a  temperature  of  32°,  for 
24  hours,  OS  determined  by  successive  inspections 


Percentage  of  fruit  ripened  (at  70°  F.)  at  intervals  shown  after  picking 

Treatment 

Lot  33  days  from  bloom 

Lot  37  days  from  bloom 

Lot  40  days  from  bloom  |, 

3  days 

6  days 

10  days 

3  days 

6  days 

10  days 

3  days 

6  days 

10  days 

Control  1 

7 
0 

25 
25 

100 
100 

18 
12 

55 
33 

100 
100 

39 
25 

72 

40 

100 

Exposed  24  hours  at  32°  F_-. 

100 

1  Put  directly  into  ripening  room  when  picked. 

In  the  next  three  experiments  tomatoes  of  the  Marglobe  variety 
were  picked  on  successive  dates  in  order  to  obtain  lots  of  different 
stages  of  maturity  tagged  at  the  same  time.  Therefore,  tomatoes 
of  the  group  tagged  July  25  were  picked  31,  35,  and  39  days  from 
this  date.  Owing  to  more  favorable  conditions,  those  in  this  group 
were  considerably  larger  and  smoother  than  those  in  previous  experi- 
ments. These  lots  were  immediately  packed  in  4-quart  baskets 
and  stored  as  follows:  One  basket  of  each  was  put  directly  into  70°  F. 
storage  and  held  as  a  check;  1  was  held  at  25°  from  18  to  21  hours, 
and  3  were  held  .at  32°  for  3,  5,  and  7  days,  respectively.  Al- 
though 25°  is  below  the  freezing  point,  which  is  given  as  30.46°  (3), 
experience  showed  that  under  the  conditions  named  single  tomatoes 
could  be  exposed  for  about  21  hours  before  actual  freezing  would 
take  place.  No  doubt  these  tomatoes  had  cooled  to  the  freezing 
point  or  even  below  the  freezing  point  under  the  exposure  described.^ 
This  very  probably  would  not  apply  to  tomatoes  in  the  ordinary 
channels  of  trade.  Here  other  factors  would  enter  which  might 
cause  injury  at  this  temperature  in  a  much  shorter  time,  but  they  are 
not  discussed  in  this  bulletin.  Each  lot,  after  its  respective  period  of 
exposure  to  the  low  temperatures,  was  removed  to  the  70°  ripening 
room.  The  results  are  shown  in  Table  3.  In  the  first  general  lot, 
31  days  from  bloom,  the  first  inspection  in  the  ripening  room  was 
made  9  days  after  picking.  No  ripe  tomatoes  were  found.  Subse- 
quent inspections  were  made  15,  19,  and  23  days  after  picking.  Since 
tomatoes  of  these  varieties  ripen  on  the  yines  under  field  conditions 
in  this  locality  in  about  40  to  45  days  from  bloom,  it  is  apparent  that 
those  in  this  experiment  were  immature. 

The  next  lot  of  tomatoes  tagged  the  same  day  as  those  in  the 
preceding  experiment  were  picked  35  days  from  bloom.  They  were 
treated  in  exactly  the  same  way  as  in  former  experiments  except  that 
those  in  25°  F.  storage  were  accidentally  left  for  21  hours  instead  of 
18,  and  five  specimens  showed  slight  localized  freezing  injury;  these, 
however,  colored  up  normally  except  over  the  injured  areas.  (PI. 
1,  A.)  Inspections  were  made  7,  11,  15,  and  19  days  after  picking, 
with  the  results  shown  in  Table  3. 


s  For  a  discussion  of  undercooling,  see  Department  Bulletin  1133  (.8,  p,  S). 
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Table  B—Rate  of  ripening  of  Mar  globe  tomatoes  picked  31,  35,  and  39  days  from 
bloom,  in  the  ripening  room  at  70°  F.,  after  varying  periods  of  exposure  to  low 
temperatures,  as  determined  by  successive  inspections 


Percentage  of  fruit  ripened  (at  70°  F.)  at  intervals  shown  after  picking 

Treatment 

Lot  31  days  from  bloom 

Lot  35  days  from  bloom 

Lot  39  days  from 
bloom 

9 

days 

15 
days 

19 
days 

23 

days 

7 
days 

11 

days 

15 
days 

19 
days 

7 
days 

11 
days 

15 
days 

Control  1 

0 
0 

71 
53 

100 
100 

100 
100 

36 

71 

100 

100 

61 
40 

100 
60 

100 
60 

18  hours  at  25°  F 

21  hours  at  25°  F 

7 
0 
0 
0 

100 
66 
0 

8 

100 
100 
72 
50 

100 
100 
100 
100 

3  days  at  32°  F 

0 
0 
0 

31 
14 
0 

100 
57 
0 

100 
100 
100 

43 

28 
0 

100 
43 
0 

100 

6  days  at  32°  F 

100 

7  days  at  32°  F 

100 

1  Put  directly  into  ripening  room  when  picked. 

The  next  picking  of  tomatoes  of  this  same  group  was  39  days  from 
bloom.     Some  of  these  were  just  beginning  to  show  signs  of  turning 

when  picked.  They 
were  handled  as  be- 
fore, and  inspections 
were  made  7,  11,  and 
15  days  after  picking. 
These  results  are  also 
shown  in  Table  3. 

It  is  of  particular 
interest  to  note  that 
in  all  the  lots  in  this 
experiment  exposure 
to  a  temperature  of 
25°  F.  did  not  pre- 
vent ultimate  ripen- 
ing. However,  in  the 
lot  39  days  from 
bloom,  ripening  was 
somewhat  delayed. 
At  this  temperature, 
decay,  which  appeared  to  be  due  to  mechanical  rather  than  to  freezing 
injury,  prevented  some  of  the  fruit  from  ripening.  Three  days'  ex- 
posure to  a  temperature  of  32°  slowed  up  ripening  somewhat,  and  five 
and  seven  days'  exposure  delayed  it  to  a  greater  extent,  but  these  ex- 
posures did  not  pi^vent  the  ultimate  ripening  of  most  of  the  fruits, 
which  appeared  normal  in  every  way. 

The  next  group  of  tomatoes  studied  were  Marglobes,  tagged  July  30, 
five  days  after  those  reported  in  the  previous  experiments.  In  this 
group  tomatoes  33,  36,  and  43  days  from  bloom  were  used.  With 
minor  exceptions  these  were  treated  as  were  those  in  the  preceding 
group.  The  results  are  shown  in  Table  4  and  illustrated  in  Figure  1. 
These  results  are  essentially  the  same  as  those  in  the  preceding 
experiment,  in  that  the  tomatoes  exposed  to  the  low  temperature 
(25°  F.)  ripened  almost  as  fast  as  the  controls,  and  those  exposed  to 
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Figure  1.— Ripening  of  Marglobe  tomatoes  at  70°  F.,  after  low- 
temperature  exposures;  picked  43  days  from  bloom 
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a  temperature  of  32°  for  periods  up  to  seven  days  apparently  were 
not  prevented  from  ultimate  ripening  by  this  exposure.  One  lot  of 
those  36  days  from  bloom  was  exposed  to  a  temperature  of  32°  for 
nine  days,  and  all  of  them  eventually  ripened,  but  the  color  and 
quality  were  not  satisfactory. 

Table  4. — Rate  of  ripening  of  Marglobe  tomatoes  picked  S3,  36,  and  43  days  from 
bloom,  in  the  ripening  room  at  70°  F.,  after  varying  periods  of  exposure  to  low 
temperatures,  as  determined  by  successive  inspections 


Percentage  of  fruit  ripened  (at  70°  F.)  at  intervals  shown  after  picking 

Treatment 

Lot  33  days  from  bloom 

Lot  36  days  from  bloom 

Lot  43  days 
from  bloom 

7 
days 

11 
days 

15 
days 

20 
days 

4 
days 

8 
days 

12 
days 

17 
days 

20 
days 

4 
days 

10 
days 

27 

58 

100 

100 

0 

43 

57 

100 

100 

100 
100 

100 

18  hours  at  25°  F 

100 

21  hours  at  25°  F 

18 
0 
0 
0 

68 

7 
8 
7 

100 

85 
68 
41 

100 
100 
100 
100 

3  days  at  32°  F                  --. 

31 
0 
0 

100 

5  days  at  32°  F 

0 
0 
0 

0 
0 
0 

53 
0 
0 

100 
100 
38 

100 
100 
100 

100 

7  days  at  32°  F-.   . 

79 

9  days  at  32°  F 

1  Put  directly  into  ripening  room  when  picked. 

The  last  group  of  tomatoes  to  be  exposed  and  ripened  as  described 
were  those  tagged  August  6.  Very  few  blooms  tagged  after  this  date 
matured  normally,  since  before  these  fruits  ripened  the  vines  had 
apparently  produced  to  their  maximum  capacity  and  the  later  fruits 
as  they  matured  appeared  rather  soft  and  watery  and  broke  down 
rather  quicldy  after  being  picked.  This  lot  was  39  days  from  bloom 
when  picked.  Fruits  were  treated  as  in  former  experiments  except 
that  none  were  held  longer  than  five  days  at  32°  F.  These  were 
inspected  after  5,  7,  and  10  days,  with  the  results  shown  in  Table  5. 
Five  days  after  picking  94  per  cent  of  the  checks  and  40  per  cent 
of  those  held  at  25°  for  18  hours  were  ripe.  Seven  days  after  picking 
all  the  checks  and  all  those  exposed  to  a  temperature  of  25°  were 
ripe;  82  per  cent  of  those  exposed  for  three  days  to  a  temperature  of 
32°  were  also  ripe,  but  those  exposed  five  days  were  not  ripe.  Ten 
days  after  picking  all  had  ripened  except  those  exposed  five  days  to  a 
temperature  of  32°;  60  per  cent  of  these  were  ripe,  but  the  color  was 
poor,  and  the  remainder  did  not  show  promise  of  ripening  normally. 

Table  5. — Rate  of  ripening  of  Marglobe  tomatoes  picked  39  days  from  bloom,  in 
the  ripening  room  at  70°  F.,  after  varying  periods  of  exposure  to  low  temperatures, 
as  determined  by  successive  inspections 


Treatment 

Percentage  of  ripened  fruit  (at 
70°  F.)  at  intervals  shown 
after  picking— 

5  days 

7  days 

10  days 

Control  1 . 

94 

40 

0 

0 

100 

100 

82 

0 

100 

18  hours  at  25°  F.      . 

100 

3  days  at  32°  F 

100 

5  days  at  32°  F 

60 

1  Put  directly  into  ripening  room  when  picked. 
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From  the  results  of  the  foregoing  experiments  it  seems  evident 
that  the  exposure  of  green  tomatoes  of  various  stages  of  maturity  to 
the  low  temperatures  described  does  not  necessarily  prevent  ripening 
if  the  fruit  is  subsequently  changed  to  favorable  conditions.  Toma- 
toes held  18  hours  at  25°  F.  (the  maximum  length  of  time  they  could 
be  held  before  actual  freezing  occurred)  ripened  normally  and  almost 
as  rapidly  as  control  samples  picked  at  the  same  time  but  put  directly 
into  the  ripening  room.  In  addition,  certain  specimens  that  had 
actually  frozen  in  limited  areas  colored  up  normally  with  the  excep- 
tion of  the  areas  affected,  as  shown  in  colors  in  Plate  1,  A.  Tomatoes 
from  quite  immature  stages  31  days  from  bloom  to  nearly  mature 
lots  43  days  from  bloom  were  exposed  to  a  temperature  of  32°  for 
as  long  as  9  days  and  were  not  entirely  prevented  from  ripening  satis- 
factorily when  warmed  to  70°.  Exposure  to  a  temperature  of  32° 
for  five  to  seven  days  in  most  instances  delayed  the  ripening  somewhat 
but  did  not  prevent  it,  and  did  not  delay  the  ripening  of  those  40  to  43 
days  from  bloom  as  much  as  that  of  those  which  were  less  mature. 
When  the  time  lost  while  in  the  32°  room  before  going  into  the  ripen- 
ing room  is.  considered,  the  so-caUed  chilled  tomatoes  in  most  in- 
stances ripened  almost  as  rapidly  as  the  ones  not  exposed.  The 
color  of  those  exposed  for  the  longer  periods  (five  to  seven  days)  was 
not  so  good  as  that  of  those  not  exposed,  but  the  difference  was  not 
great.  In  only  a  few  instances  were  the  glazed  or  shriveled  condi- 
tions, commonly  ascribed  by  the  trade  to  chilling,  found  in  any  of  the 
exposed  lots.  The  only  occasion  when  these  conditions  prevailed 
was  in  individual  fruits  that  had  been  picked  too  immature  to  ripen 
properly  under  any  condition  after  being  separated  from  the  plant. 
Although  care  was  exercised  to  select  only  matiire  green  fruits,  imma- 
ture ones  were  taken  occasionally,  and  such  individuals  developed 
these  symptoms  under  aU  storage  conditions. 

RELATION  OF  TEMPERATURE  TO  RIPENING 

The  next  group  of  experiments  was  carried  on  in  order  to  study 
the  influence  of  various  temperatures  on  the  rate  of  ripening.  Infor- 
mation on  this  subject  is  of  particular  interest  to  growers  who  desire 
to  store  the  remainder  of  their  crops  at  the  end  of  the  growing  season 
when  danger  of  frost  is  imminent,  and  to  those  interested  in  the  ripen- 
ing of  green  tomatoes  as  they  arrive  from  southern  points  during  the 
shipping  season.  Ordinarily,  tomatoes  left  on  the  vines  at  the  end 
of  the  growing  season  are  inclined  to  be  watery  and  of  poor  quality, 
because  the  vines  are  usually  past  their  prime.  Some  growers,  there- 
fore, make  a  practice  of  setting  plants  late  in  the  season  in  order  to 
have  a  crop  most  of  which  is  in  the  mature  green  stage  at  about 
the  close  of  the  growing  season.  This  will  usually  insure  a  large 
quantity  of  fruit  m  prime  condition  for  ripening  in  storage  for  the 
market  after  frost  has  killed  the  vines.  It  is  desirable  to  store  these 
tomatoes  so  that  they  will  ripen  more  or  less  slowly  and  carry  well, 
in  order  to  prolong  their  marketing  period.  In  some  of  the  experi- 
ments the  effect  upon  the  rate  of  ripening  within  various  temper- 
ature ranges  from  80°  F.  down  to  the  limiting  or  the  lowest  temper- 
ature at  which  ripening  will  take  place  was  studied. 

Three  varieties,  namely,  Globe,  Stone,  and  Marglobe,  were  used  in 
these  experiments.  Sufficient  tagged  material  was  not  available, 
so  personal  judgment  alone  was  exercised  in  selecting  mature  green 
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tomatoes  or  those  in  the  earlier  turning  stage.  These  were  usually 
packed  and  stored  in  4-quart  baskets.  In  the  first  experiment 
mature  green  tomatoes  and  those  in  the  turning  stage  showing  less 
than  one-half  full  color  were  stored  at  the  lower  ranges  of  temper- 
atures, viz,  60°,  50°,  and  40°  F.  Inspections  were  made  after  6,  9, 
13,  16,  22,  29,  aud  34  days.  Those  classed  as  ripe  were  more  than 
one-half  fully  colored.  The  results  are  shown  in  Table  6.  These 
show  ripening  at  60°  to  be  satisfactory,  although  somewhat  slower 
than  at  70°,  as  in  former  experiments.  Mature  green  tomatoes 
ripening  at  60°  began  to  show  signs  of  breaking  down  about  the 
twenty-second  day.  The  ripening  of  tomatoes  in  the  turning  stage 
at  50°  was  slow  but  otherwdse  satisfactory  in  most  cases,  but  many 
specimens  showed  signs  of  breakdown  before  becoming  ripe.  Mature 
green  tomatoes  at  this  temperature  ripened  very  slowly,  developing 
a  pale  color,  and  began  to  break  down  after  about  three  weeks.  At 
40°  ripening  was  practically  prevented  in  tomatoes  at  both  stages 
of  maturity. 

Table  6. — Rate  of  ripening  at  various  temperatures  of  Globe,  Stone,  and  Marglohe 
tomatoes  picked  in  the  mature  green  and  turning  stages 


Variety,  condition  when  picked,  and 

Percentage  of  ripened  fruit  at  intervals  shown  after 
picking— 

ripening  temperature  (°  F.) 

6  days 

9  days 

13  days 

16  days 

22  days 

29  days 

34  days 

Globe: 

Mature  green — 
60° 

22 
0 
0 

100 
45 

1 

0 
0 
0 

57 

0 

25 
0 
0 

100 
90 
0 

51 
9 
0 

100 
100 
20 

25 
0 
0 

67 
57 
0 

75 
20 
0 

100 
100 
20 

72 
9 
0 

100 
100 
20 

50 

? 

100 
57 
0 

83 
20 
0 

100 
100 
30 

83 

45 

0 

100 
100 
100 

67 

0 

100 

100 

0 

83 
50 
0 

100 
100 
70 

100 
91 
0 

100 
100 
100 

100 

44 

0 

100 

100 

0 

100 
50 
0 

100 
100 
70 

100 

91 

0 

100 
100 
100 

100 
66 

100 

100 

0 

100 
80 
0 

100 
100 
90 

100 

50° 

100 

40° 

0 

Turning— 

60°--                                  

100 

50° 

100 

40° 

100 

Stone: 

Mature  green— 
60° 

100 

50° 

100 

40°-    -     - 

0 

Turning— 

60° 

100 

50° 

100 

40° — — - 

0 

Marglobe: 

Mature  green— 

60° 

100 

50° 

100 

40° 

0 

Turning— 
60° 

100 

50° —  - 

100 

40° 

90 

While  all  varieties  picked  in  the  turning  stage  ripened  to  some 
extent,  the  color  was  pale  and  unsatisfactory.  AU  those  in  the  green 
stage  when  picked  failed  to  color,  except  to  turn  a  creamy  white,  when 
held  at  40°  F.  At  the  end  of  the  experiment  all  those  held  at  40°  had 
turned  nearly  white,  or  pale  pink  in  a  few  cases,  and  were  becoming 
soft;  many  were  breaking  down.  Globes  picked  in  the  mature  green 
stage  and  held  at  60°  were  all  ripe  at  the  inspection  on  the  twenty- 
second  day,  and  those  held  at  50°  were  all  ripe  after  34  days,  although 
in  the  case  of  those  held  at  the  latter  temperature  the  color  was 
rather  unsatisfactory.  No  ripening  was  noted  in  those  held  at  40°. 
67351°— 31 2 
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Globes  picked  in  the  turning  stage  were  all  ripe  when  held  at  60°  for 
6  days,  at  50°  for  9  days,  and  at  40°  for  16  days,  although  the  color 
of  those  held  at  40°  was  pale  and  the  fruits  soon  broke  down  when 
removed  to  a  higher  temperature.  Mature  green  Stone  tomatoes 
were  all  ripe  in  22  days  when  held  at  60°,  in  34  days  when  held  at 
50°,  and  there  was  no  ripening  at  40°.  Picked  in  the  turning  stage, 
Stones  were  ripe  in  13  days  when  held  at  60°,  in  16  days  when  held  at 
50°,  and  there  was  no  ripening  when  they  were  held  at  40°.  Marglobe 
tomatoes  picked  mature  green  were  all  ripe  in  22  days  in  60°  storage, 
in  34  days  in  50°  storage,  and  there  was  no  ripening  in  40°  storage. 
When  picked  in  the  turning  stage  all  were  ripe  after  6  days  in  60° 
storage  and  after  9  days  in  50°  storage;  when  held  at  40°  90  per  cent 
were  ripe  but  pale  colored,  and  many  were  breaking  down  at  the  close 
of  the  experiment. 

In  the  next  experiment  five  baskets  each  of  selected  mature  green 
Stone,  Marglobe,  and  Globe  tomatoes  were  wrapped  and  stored  at 
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Figure  2.— Ripening  of  Marglobe  tomatoes  at  different  temperatures;  picked  mature  green 

80°,  70°,  60°,  50°,  and  40°  F.  immediately  after  picking.  Periodic 
inspections  were  made  to  determine  the  relative  rate  of  ripening,  with 
the  results  shown  in  Table  7  and  Figure  2.  Inspections  of  the  Stone 
tomatoes  were  not  made  at  the  same  intervals  as  inspections  of  the 
other  two  varieties.  These  tests  show  that  the  rate  of  ripening  of 
mature  green  tomatoes  decreases  rapidly  with  the  lowering  of  the 
temperature.  A  more  or  less  abrupt  falling  off  in  rate  of  ripening  is 
noted  below  60°  in  all  varieties.  Stone  tomatoes  stored  at  80°  were 
ripe  in  11  days;  those  stored  at  70°  in  14  days;  those  stored  at  60°  in 
19  days;  and  those  stored  at  50°  in  41  days.  No  ripening  occurred  at 
40°.  Globe  tomatoes  ripened  at  80°  in  8  days,  at  70°  in  12  days,  at 
60°  in  16  days,  and  at  50°  in  30  days.  Marglobe  tomatoes  stored  at 
80°  were  ripe  in  8  days,  those  stored  at  70°  in  12  days,  those  stored 
at  60°  in  30  days,  and  those  stored  at  50°  in  40  days.  At  the  end  of 
40  days  the  tomatoes  of  all  varieties  ripened  at  60°  and  50°  were  in 
good  condition.  Those  ripened  above  these  temperatures  did  not  hold 
up  so  long  as  might  be  expected  because  of  normal  breakdown  follow- 
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ing  maturity.  In  no  variety  did  ripening  take  place  at  40°.  The 
tomatoes  assumed  an  almost  white  color  at  this  temperature,  and  by 
the  thirtieth  day  they  were  soft  and  showed  signs  of  breaking  down 
while  in  storage. 


Table  7.- 


■Rate  of  ripening  at  various  temperatures  of  Globe,  Stone,  and  Marglobe 
tomatoes  picked  in  the  mature  green  stage 


Variety  and  ripening 

Percentage  of  ripened  fruit  at  intervals  shown  after  picking 

- 

temperature  (°  F.) 

4 
days 

7 
days 

8 
days 

11       12 
days'  days 

14 
days 

16 
days 

19 
days 

21 
days 

23 

days 

27 
days 

30 
days 

32 

days 

40 
days 

41 
days 

Stone: 

80°                 

27 
18 
20 
0 
0 

14 
0 
7 
0 
0 

14 
0 
0 
0 
0 

73 
53 
40 
0 
0 

100 

85 

21 

0 

0 

100 
64 
35 
0 
0 

100   

76 

100 
100 
73 
19 
0 

11.-'. 

..... 



100 
100 
100 
50 
0 

100 
100 
43 
20 
0 

100 
100 
100 
38 
0 

100 
100 
100 
50 
0 

100 
100 
71 
50 
0 

100 
100 
100 
66 
0 

100 
100 
100 
66 
0 

100 
100 
100 
100 
0 

100 

100 
100 
100 
81 
0 

----- 

100 

70° 

100 

60°   

53 
5 
0 

100 

100 

50 

0 

0 

inn 

100 

50°                        -  - 

inn 

40° 

0 

100 

Globe: 
80° 

70°   

100 

100 

100 

0 

IOO 
100 
100 
100 
0 

60° 

50° 

40° 

Marglobe: 

70° 

i  ioo 

43 

0 

n 

100 

60° 

100 

60 

0 

50° 

40° 

These  studies  indicate  that  when  tomatoes  are  ripened  at  temper- 
atures varying  from  80°  to  40°,  the  rate  of  ripening  decreases  with  the 
temperature.  At  50°  and  60°  mature  green  tomatoes  ripened  and 
remained  in  good  condition  for  as  long  as  40  days,  whereas  at  40° 
softening  and  a  tendency  to  break  down  were  noted  in  20  to  30  days 
while  the  tomatoes  were  in  storage,  but  when  they  were  removed  and 
kept  at  ordinary  room  temperature  rapid  breakdown  was  apparent  in 
stock  that  had  been  held  at  40°  for  10  to  15  days. 

Since  tomatoes  would  not  ripen  at  40°  F.,  an  experiment  was  begun 
to  determine  how  long  mature  green  and  turning  tomatoes  could  be 
held  at  40°  and  then  be  ripened  satisfactorily  at  a  higher  temperature. 
Several  4-quart  baskets  were  filled  with  specimens  of  Marglobe,  Globe, 
and  Stone  varieties  and  stored  at  40°.  A  basket  of  each  variety  was 
removed  to  a  70°  ripening  room  after  three  weeks'  storage  for  sub- 
sequent ripening  tests.  In  this  lot  after  four  days  at  70°  about  40 
per  cent  were  ripe,  but  with  considerable  physiological  breakdown 
apparent.  After  four  weeks  all  tomatoes  in  40°  storage  showed  so 
much  breakdown  that  the  experiment  was  discontinued. 

EFFECT    OF    HIGH    TEMPERATURE    ON    RIPENING 

In  order  to  test  the  effect  of  heat  upon  the  ripening  of  tomatoes,  a 
lot  of  mature  green  Marglobes  was  divided,  and  part  of  them  were 
put  into  70°  storage  as  a  control,  while  the  remainder  were  placed  in 
a  temperature  of  120°  and  a  relatively  high  humidity  for  24  hours. 
Subsequent  inspections  made  to  determine  the  percentages  of  ripe- 
ness showed  identical  results  among  the  heated  tomatoes  and  those 
held  as  a  check.  No  difference  in  appearance  was  noted  between  the 
heated  tomatoes  and  the  checks. 
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RELATION  OF  UGHT  TO  RIPENING 

An  experiment  to  determine  the  effect  of  light  and  darkness  upon 
the  rate  of  ripening  of  tomatoes  was  conducted  with  mature  green 
Globes.  One  basket  was  kept  in  full  light  before  a  west  window  at  a 
temperature  varying  between  70°  and  80°  F.,  while  another  was  kept 
in  complete  darkness  at  the  same  temperature.  The  results  are  shown 
in  Table  8.  Those  ripened  in  the  dark  seemed  to  develop  color  more 
rapidly  at  first;  however,  all  tomatoes  of  both  varieties  were  ripe 
in  eight  days. 

Table  8. — Rate  of  ripening  in  darkness  and  full  light  of  mature  green  Globe  and 
Marglobe  tomatoes  at  a  temperature  varying  from  70°  to  80°  F. 


Percentage  of  ripened  fruit  at  intervals  after  picking 

Lot  and  treatment 

Globe 

Marglobe 

4  days 

5  days 

6  days 

8  days 

4  days 

5  days 

6  days 

8  days 

Lotl: 

63 
37 

7 
26 

76 
50 

7 
46 

88 
62 

53 
54 

100 
100 

100 
100 

Light 

Lot  2: 

0 

8 

0 

25 

44 
50 

100 

Light                    -     

100 

This  experiment  was  repeated,  tomatoes  of  both  the  Globe  and  the 
Marglobe  variety  being  used,  and  the  results  were  as  shown  in  Table 
8.  In  this  experiment  the  results  were  reversed,  in  that  the  ripening 
in  both  varieties  seemed  at  first  to  be  more  rapid  in  the  light,  but,  as 
before,  all  were  ripe  in  eight  days. 

The  difference  between  tomatoes  ripened  in  light  and  in  darkness 
was  not  so  marked  in  the  rate  of  ripening  as  in  the  appearance  of  the 
fruit.  When  tomatoes  were  ripened  in  the  dark  the  color  was  more 
evenly  distributed;  a  gradual  blending  from  green  to  whitish  and  then 
to  pink,  followed  by  a  full  red  color,  was  noted  as  ripening  progressed. 
In  full  light,  ripening  areas  starting  from  the  blossom  end  of  the  fruits 
appeared  as  a  bright  full  red,  contrasting  with  the  full-green  areas. 

RESULTS  IN  1926 

Some  changes  in  the  methods"  of  procedure  were  followed  during 
the  course  of  the  investigations  in  1926.  For  this  season's  stock  of 
tomatoes  for  storage  studies  the  Marglobe  variety  only  was  used. 
The  young  plants  were  not  set  in  the  field  until  the  second  week  in 
July,  in  order  to  bring  the  bulk  of  the  yield  nearly  to  maturity  late 
in  the  fall  when  local  killing  frosts  can  be  expected.  At  that  time 
the  vines  were  still  in  full  vigor  and  the  fruit  in  such  condition  that 
it  might  be  expected  to  store  well.  It  is  at  that  time  that  tomatoes 
are  gathered  by  many  growers  for  storage.  Experience  has  proved 
that  tomatoes  from  plants  that  are  still  in  their  prime  are  firmer 
fleshed  and  tend  to  keep  longer  and  in  better  condition  than  those 
from  plants  that  have  passed  their  prime. 

On  October  15,  when  a  frost  seemed  imminent,  the  entire  crop  of 
tomatoes  of  marketable  size  was  picked  and  separated  into  the  fol- 
lowing grades:  Green  (rather  immature  and  somewhat  smaller  than 
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the  next  grade);  mature  green  (light  green  to  ahnost  white  on  the 
blossom  ends  and  usually  with  yellowish  areas  over  the  shoulders); 
turning  (each  specimen  showing  less  than  one-half  pink);  and  ripe 
(one-half  or  more  colored  but  firm) .  These  were  stored  in  half -bushel 
hampers. 

RIPENING  IN  STORAGE 

In  one  test,  hamper  lots  of  each  of  these  grades,  with  the  exception 
of  those  that  were  ripe,  were  put  in  storage  at  60°,  50°,  and  40°  F. 
in  order  to  determine  the  rate  of  ripening  of  the  different  grades  and 
also  to  determine  at  which  stage  of  maturity  tomatoes  can  best  be 
stored  for  the  longest  period  of  time  and  remain  in  good  salable  con- 
dition. Inspections  were  made  after  7,  10,  15,  20,  27,  44,  and  54 
days  to  ascertain  the  rate  of  ripening  and  breakdown  at  these  tem- 
peratures. At  each  inspection  the  original  lots  were  separated  into 
color  grades  corresponding  to  those  used  in  grading  the  original  lot 
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Figure  3.— Ripening  of  Marglobe  tomatoes  at  different  temperatures;  picked  at  three  stages 

of  maturity 

at  picking  time,  and  the  decayed  specimens  were  discarded  in  order 
to  prevent  additional  infection.  Decay  in  those  held  at  40°  and  in 
some  cases  at  50°  was  often  preceded  by  a  breaking  down  marked  in 
limited  areas  on  the  fruits  by  a  shriveled  soft  condition.  At  these 
temperatures  decay  seemed  to  develop  at  all  stages  of  ripeness, 
whereas  at  60°  decay  seldom  occurred  except  following  full  maturity 
and  full  color. 

After  the  tomatoes  had  been  seven  days  in  storage  an  inspection 
was  made.  At  this  time,  at  60°  most  of  the  tomatoes  originally  in 
the  turning  stage  were  ripe,  many  of  the  mature  green  ones  were 
turning,  and  a  few  of  the  green  ones  were  beginning  to  turn.  At  50° 
a  few  turning  tomatoes  were  becoming  ripe,  and  a  very  few  mature 
green  ones  were  beginning  to  turn.  At  40°  very  little  change  was 
apparent.  After  10  days  a  change  sufficient  to  record  was  noted. 
These  results  and  those  noted  at  the  succeeding  inspections  are  given 
in  Table  9  and  illustrated  in  Figure  3.     After  10  days  considerable 
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low- temperature  injury  at  40°  was  evident,  as  marked  by  a  certain 
amount  of  softening  and  the  development  of  a  creamy  white  appear- 
ance of  some  of  the  fruit  and  much  decay.  It  was  difficult  at  this 
temperature  to  make  a  distinction  between  the  grades  of  maturity 
because  of  the  tendency  of  the  fruit  to  whiten  and  soften.  The  results 
from  this  first  inspection  show  an  almost  equal  rate  of  ripening  at 
60°  and  50°  and  a  definite  inhibition  of  ripening  at  40°. 

Table  9. — Rate  of  ripening  of  Marglobe  tomatoes  picked  in  the  turning,  mature 
green,  and  green  stages  and  stored  at  60°,  50°,  and  4.0°  F.,  as  determined  by  suc- 
cessive inspections 


Original  condition  when  picked,  storage  temperature,  and  percentage  at 
each  stage 

Ripening  period  and  stage  of 
maturity  when  inspected 

Turning 

Mature  green 

Green 

60° 

50° 

40° 

60° 

50° 

40° 

60° 

50° 

40° 

10  days: 

Ripe -- 

Per  cent 
91 

1 

Per  cent 
94 
3 

Per  cent 
0 
6 

Per  cent 
32 
20 
45 

Per  cent 
12 
21 
64 

Per  cent 
2 
15 

57 

Per  cent 
11 
14 
47 
22 
6 

32 
23 

27 
6 
12 

58 
14 
6 
0 
22 

50 
5 
0 
0 

45 

0 
0 

s 

100 

Per  cent 
5 
11 

77 
7 
1 

Per  cent 
0 

3 

Mature  green 

55 

Green 

26 

Decayed..              

8 

62 
0 
0 
0 

38 

14 
0 

3 

94 

3 

63 
19 

8 

3 

26 

16 

15  days: 
Ripe 

IVIature  green 

Decayed 

10 

58 
11 
2 

20  days: 

Ripe 

32 
0 

0 

1 

32 

31 
22 

1 

5 

7 

23 
26 
42 
0 
9 

18 
25 
37 
0 
20 

30 
18 
4 
0 

48 

21 
10 
0 
0 
69 

0 

Turning              

6 

Mature  green 

13 

Green 

0 

Decayed 

86 

0 
0 

68 

0 
0 

99 

0 
0 

29 

49 
1 
0 

15 

24 
30 

11 

87 

1 
5 

7 

81 

27  days: 

Ripe  -                    .      - 

0 

Turning . 

6 

13 

Green 

0 

Decayed 

100 

100 

100 

50 

0 
0 
0 

35 

26 

8 
1 



87 

0 

1 
0 

81 

44  days: 

Ripe 

0 

Turning 

2 

Mature  green 

2 

Green 

0 

Decayed 

100 

65 

13 
5 
0 

99 

0 
0 
0 

96 

64  days: 
Ripe 

0 

Turning 

0 

0 

0 

Decayed 

82 

100 



100 

The  inspection  after  15  days  included  only  those  lots  stored  at 
60°  F.  and  showed  no  increase  in  the  number  ripe  at  this  temperature 
in  the  lot  originally  in  the  turning  stage,  although  the  amount  of 
decay  had  increased.  There  was  an  increase  in  the  percentage  of 
ripe  fruit  ui  the  lots  originally  classed  as  mature  green  and  green  and 
also  an  increase  in  decay. 

When  inspected  after  20  days,  the  lots  that  were  in  the  turning 
stage  when  placed  in  storage  at  60°  and  50°  had  all  ripened,  and  decay 
or  breakdown  was  advanced,  as  would  be  expected  in  fruit  so  nearly 
mature  which  had  been  held  for  this  period  in  storage.  None  of  those 
stored  at  40°  had  ripened.  Normal  ripening  was  still  progressing  in  the 
other  two  lots  stored  at  60°;  but  at  50°,  although  there  was  an  increase 
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in  those  classed  as  ripe,  the  color  was  pale  and  not  normal.  After  44 
days  all  those  in  the  original  mature  green  and  green  lots  held  at 
60°  had  ripened  and  subsequently  decayed,  whereas  of  those  held  at 
50°,  only  a  few  more  had  ripened,  while  the  nimiber  decayed  had 
increased — including  some  of  those  fruits  that  did  not  reach  the  ripe 
stage.  After  54  days  no  further  ripening  occurred  in  the  lots  remain- 
ing, and  most  of  the  fruit  had  decayed. 

The  results  of  this  experiment  showed  that  tomatoes  picked  in  the 
turning  stage  of  ripening  and  stored  at  60°  and  50°  F.  under  the 
conditions  described  ripened  satisfactorily  with  good  color  and  quality 
at  either  temperature.  The  rate  of  ripening  at  60°  with  the  corre- 
sponding decay  following  was  somewhat  more  rapid  than  at  50°. 
At  40°,  even  with  tomatoes  in  the  turning  stage  of  maturity,  no 
ripening  occurred,  and  rapid  decay  developed.  After  10  days  there 
was  94  per  cent  decay.  With  mature  green  fruit,  ripening  was  much 
more  rapid  at  60°  than  at  50°.  A  maximum  of  63  per  cent  of  those 
stored  at  60°  reached  full  color,  while  only  32  per  cent  of  those  stored 
at  50°  reached  the  ripe  stage. 

STORAGE  OF  RIPE  TOMATOES 

In  an  experiment  in  the  storage  of  ripe  tomatoes,  half-bushel 
hampers  of  firm,  field-ripened  tomatoes  picked  at  the  same  time  as 
those  in  the  former  experiment  were  stored  at  60°,  50°,  and  40°  F. 
and  inspected  for  decay  after  10,  15,  and  20  days.  The  object  of 
this  test  was  to  determine  the  best  temperature  at  which  to  store 
ripe  tomatoes.  The  results  are  shown  in  Table  10  and  indicate  that 
40°  is  an  unsuitable  storage  temperature  for  ripe  tomatoes. 

Table  10. — Condition  of  firm  field-ripe  tomatoes  after  storage  for  10,  15,  and  20 
days  at  60°,  50°,  and  40°  F. 


Storage  temperature 

After  10  days 

After  15  days 

After  20  days 

Sound 

Decayed 

Sound 

Decayed 

Sound 

Decayed 

60      . 

°F. 

Per  cent 
69 
73 

1 

Per  cent 
31 
27 
99 

Per  cent 
22 

Per  cent 

78 

Per  cent 
16 
3 

Per  cent 

84 

50 

97 

40 

0 

100 

EFFECTS  OF  STORAGE  TEMPERATURES  ON  SUBSEQUENT  RIPENING 

In  the  next  set  of  experiments  a  rather  comprehensive  test  was 
made  of  the  ripening  at  70°  F.  of  tomatoes  in  the  turning,  mature 
green,  and  green  stages  that  had  been  held  for  12,  15,  20,  25,  and  44 
days  subsequent  to  picking,  at  temperatures  of  40°,  50°,  and  60°. 
Since  a  certain  amount  of  ripening  took  place  at  50°  and  60°  during 
the  prehminary  holding  period,  only  specimens  representiag  the 
original  stages  of  maturity  were  selected  to  put  in  the  70°  ripening 
room.  Periodic  inspections  to  determine  the  rate  of  ripening  were 
made.  The  results  of  the  experiments  are  shown  in  Tables  11  and  12. 
In  Table  11  are  shown  the  results  of  ripening  at  70°  after  12  days' 
preliminary  storage.  Figure  4  illustrates  part  of  these  results. 
The  tomatoes  of  the  original  turning  grade  which  were  stored  12  days 
at  60°  and  50°  were  all  ripe  after  six  days'  storage  at  70°.  Those  from 
40°  storage  showed  a  rapid  development  of  decay  in  the  ripening 
room,  and  only  18  per  cent  actually  ripened.     Of  the  mature  green 
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lot,  95  per  cent  of  those  stored  at  60°  subsequently  ripened  at  70°, 
and  a  maximum  of  85  per  cent  of  those  from  50°  storage  ripened 
after  16  days.  Of  those  from  40°  storage  only  58  per  cent  ripened, 
while  of  the  remaining  ones  34  per  cent  decayed.  All  of  those  in  the 
green  lot  from  60°  storage  were  ripe  after  16  days,  and  at  the  close 
of  the  experiment  after  24  days  in  the  ripening  room  only  10  per  cent 
of  these  had  decayed.  No  record  was  taken  of  those  from  50°  storage. 
Of  those  from  40°  none  ripened/and  at  the  close  of  the  experiment 
40  per  cent  had  decayed. 

Table  11. — Rate  of  ripening  of  tomatoes  picked  in  the  turning,  mature  green,  and 
green  stages,  at  70°  F.,  after  12  days'  previous  storage  at  temperatures  of  60°,  50°, 
and  4-0°  F.,  as  determined  by  successive  inspections 


Eipening   period   at  70"  F. 
and   stage   of  maturity 
when  inspected 

Condition  when  transferred  to  ripening  room  (70°  F.)  from  temperature 
shown  and  percentage  at  e'lch  stage 

Turning 

Mature  green 

Green 

60° 

50° 

40° 

60° 

50° 

40° 

60° 

50° 

40° 

3  days: 

Ripe-_ 

Per 

cent 
70 
30 

Per 
cent 

85 
15 

Per 
cent 
10 
70 

Per 
cent 
10 
50 
40 

Per 
cent 
5 
20 

75 

Per 
cent 
0 
10 
90 

Per 
cent 
20 
0 
10 
70 
0 

20 
10 
40 
30 
0 

50 
20 
30 
0 
0 

100 
0 
0 
0 
0 

100 
0 
0 
0 
0 

90 

Per 
cent 

Per 
cent 
0 

Turning 

0 

Mature  green 

0 

Green - 

80 

Decayed 

0 

100 
0 

0 

100 
0 

20 

18 
9 

0 

60 
20 

15 

0 

25 
20 
55 

0 

5 

20 
70 

20 

6  days: 

Ripe 

0 

Turning               .    _ 

0 

Mature  green 

0 

Green 

60 

Decayed 

0 

45 
0 

0 

60 
0 

73 

19 
0 

5 

86 
9 
0 

0 

60 
20 
20 

5 

17 
28 
38 

40 

10  days: 

Ripe-- 

0 

Turning 

0 

Mature  green 

60 

Green 

0 

Decayed- _ 

55 

40 

81 

19 
0 

5 

95 
0 
0 

0 

85 
10 
0 

17 

58 
0 
8 

40 

16  days: 

Ripe ... 

0 

Turning 

0 

18 

Mature  green 

42 

Green 

0 

Decayed 

100 

100 

81 

0 
0 

5 

0 
0 
0 

5 

76 
0 
0 

34 

46 
0 
0 

40 

20  days: 

Ripe  _.            .    - 

0 

Turning 

60 

Mature  green 

0 

Green 

0 

Decayed 

100 

100 

24 
64 

54 
39 

40 

24  days: 

Ripe. 

0 

Turning 

60 

0 

Green 

0 

Decayed-- 

36 

61 

10 

40 

In  Table  12  are  shown  the  ripening  results  of  tomatoes  previously 
held  at  50°  and  40°  for  15,  20,  25,  and  44  days.  Those  held  at  60° 
had  so  far  ripened  by  this  time  that  they  were  discarded.  Of  the 
turning  lot,  a  maximum  of  90  per  cent  of  those  from  50°  had  ripened 
after  six  days  in  70°  and  the  rest  decayed,  while  of  those  from  40° 
only  18  per  cent  had  ripened.  This  percentage  was  found  after  six 
days,  and  at  this  time  69  per  cent  were  decayed.  From  40°,  78  per 
cent  of  the  mature  green  finally  ripened  in  15  days,  but  with  poor 
color  and  quality,  while  those  remaining  were  decayed.  Tomatoes 
in  the  green  stage  stored  at  50°  and  40°  had  so  deteriorated  that  they 
were  discarded  and  not  used  in  this  experiment. 
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Table  12. — Rate  of  ripening  of  tomatoes  picked  in  the  turning  and  mature  green 
stages,  at  70°  F.,  after  previous  storage  of  15,  20,  25,  and  44  days  at  temperatures 
of  50°  and  40° F.,  as  determined  by  successive  inspections 


Condition  when  transferred  to  ripening  room  (70°  F.)  from  temperature  shown,  period 
of  previous  storage,  and  percentage  at  each  stage 

Ripening  period 
at    70°  F.    and 
stage    of    ma- 
turity when  in- 
spected 

Turning 

Mature  green 

50° 

F. 

40° 

F. 

i>0°  F. 

40° 

F. 

15 
days 

20 
days 

25 
days 

44 
days 

15 
days 

20 
days 

25 
days 

44 
days 

Per 
cent 

15 
days 

Per 

cent 

0 

30 

70 

0 

20 
days 

Per 
cent 
10 
30 
50 
10 

25 
days 

Per 

cent 

0 

60 

40 

0 

44 
days 

Per 
cent 

15 
days 

Per 

cent 

0 

0 

90 

10 

20 
days 

Per 
cent 
0 
20 
60 
20 

25 
days 

Per 
cent 
0 
10 
20 
70 

44 
days 

3  days: 
Ripe 

Per 

cent 

60 

40 

Per 

cent 

40 

40 

Per 

cent 

40 

40 

Per 
cent 

Per 

cent 

0 

90 

Per 

cent 

20 

10 

Per 

cent 

10 

10 

Per 
cent 

Turning 

Green  _.  . 

Decayed 

5  days: 
Ripe 

0 

20 

20 

80 
10 

10 

70 

80 

0 
0 

0 

Turning     

0 

Green    . 

20 

Decayed 

10 

100 

80 

6  days: 
Ripe 

90 
0 

80 
0 

80 
0 

18 
13 

9 
0 

10 
10 

50 
30 
20 
0 

90 
10 
0 
0 

90 
0 
0 

10 

67 
23 
0 
10 

90 
0 
0 

10 

77 
0 
0 

23 

100 
0 
0 
0 

90 
0 
0 

10 

0 
31 
59 
10 

76 
14 
0 
10 

78 
0 
0 

22 

11 
11 
48 
30 

49 

10 

0 

41 

59 
41 

12 
13 
_0 
75 

12 
13 
0 
75 

Turning 

Green 

Decayed 

9  days: 
Ripe 

10 

90 
0 

20 

68 
0 

20 

72 
0 

90 
0 

69 

9 
0 

91 

0 
0 

80 

20 
0 

Q 

Turning 

Green    ...  

20 
0 

Decayed 

15  days: 
Ripe 

10 

32 

49 
0 

28 

10 

91 

100 

0 
0 

80 

80 

Turning  

Green 

Decayed 

100 

51 

100 

0 

Of  the  turning  group  after  20  days'  storage,  a  maximum  of  80  per  cent 
of  those  from  50°  storage  ripened  in  six  days.  Of  those  from  40°  stor- 
age, only  20  per  cent  ripened,  whereas  70  per  cent  had  decayed  after 
three  days  in  the  ripening  room  at  70°.  Of  the  mature  green  lot,  90 
per  cent  of  those  from  50°  storage  ripened  after  9  days  at  a  temperature 
of  70°,  whereas  59  per  cent  of  those  from  40°  storage  ripened  after 
15  days  but  had  poor  color.  The  greater  number  of  tomatoes  of  the 
mature  green  stage  from  40°  preliminary^  storage  that  ripened  at 
70°,  as  shown  in  Tables  11,  12,  and  13,  seems  to  indicate  a  less  in- 
jurious effect  from  low-temperature  exposure  on  tomatoes  at  this 
stage  of  maturity  than  on  those  classed  as  in  the  turning  stage. 

Of  the  tomatoes  in  the  turning  stage  after  25  days  preliminary  stor- 
age at  50°  F.,  80  per  cent  ripened  after  six  days,  while  of  those  from  the 
40°  storage  a  maximum  of  20  per  cent  ripened  in  nine  days,  but  with 
poor  color,  and  80  per  cent  were  decayed.  Of  the  mature  green 
tomatoes,  all  those  from  50°  storage  ripened  in  six  days,  while  of  those 
from  40°  storage  only  12  per  cent  ripened.  The  color  of  all  the  toma- 
toes of  this  lot  from  50°  storage  that  ripened  was  somewhat  pale, 
whereas  the  color  of  those  from  40°  storage  w^as  very  pale  and 
unattractive. 

The  tomatoes  that  still  remained  sound  after  44  days'  storage  at 
the  different  temperatures  were  ripened  at  70°  as  in  the  previous 
67351°— 31 3 
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tests.  The  results  are  shown  in  Table  12.  Of  those  in  the  turning 
grade  from  50°  storage  80  per  cent  were  ripe  after  five  days,  though 
the  color  was  pale,  and  90  per  cent  were  ripe  after  nine  days,  10 
per  cent  being  decayed.  Those  from  40°  storage  when  put  in  the 
ripening  room  did  not  appear  to  be  in  first-class  condition,  being 
somewhat  shriveled  and  of  a  pale  color,  although  no  evidence  of 
decay  was  apparent.  However,  after  five  days  in  the  ripening  room 
they  had  all  decayed.  Only  in  40°  storage  were  there  any  remaining 
in  the  mature  green  stage  that  were  apparently  sutiable  for  a  ripening 
test.  None  of  these  ripened,  however,  and  80  per  cent  were  decayed 
after  ^ye  days. 

In  reviewing  this  experiment  it  is  apparent  that  tomatoes  in  neither 
the  turning,  mature  green,  nor  green  condition  can  be  held  as  long 
as  15  days  at  40°  and  be  expected  to  ripen  satisfactorily.  Those  that 
did  color  up — and  they  were  mostly  those  in  the  mature  green 
stage — colored  unsatisfactorily  and  were  of  poor  quality,  and  decay 

developed  before  all 
could  ripen.  When 
held  at  40°  for  20  days 
and  then  transferred 
to  70°,  only  59  per 
cent  of  the  mature 
green  ones  eventually 
could  be  classed  as 
ripened,  and  this  was 
after  15  days  of  ripen- 
ing. Only  20  per  cent 
of  the  turning  group 
ripened  after  20  days 
at  40°,  and  this  was 
after  three  days  at  70°. 
Following  this,  decay 
developed  rapidly. 
When  stored  at  50°  for 
as  long  as  44  days,  90 
per  cent  of  the  toma- 
toes in  the  turning 
stage  ripened  fully 
after  9  days  at  70°,  but  the  color  and  quality  were  not  so  satisfactory 
as  those  obtained  with  the  tomatoes  stored  at  60°.  Of  the  mature 
green  tomatoes,  those  held  at  50°  for  25  days,  90  per  cent  were  ripe 
and  sound  after  9  days  in  the  ripening  room,  but  after  44  days  at  50° 
no  sound  specimens  remained  to  test  in  the  ripening  room. 

The  tomatoes  that  were  stored  at  60°  ripened  rapidly  at  70°,  and  the 
color  and  quality  were  practically  as  good  in  most  cases  as  those  of 
field-ripened  tomatoes.  After  12  days'  storage  at  60°,  ripening  at 
this  temperature  had  progressed  so  far  that  no  specimens  of  the 
desired  unrip ened  stages  were  available  for  further  study. 
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Figure  4.— Ripening  of  Marglobe  tomatoes  at  70°  F.,  after  12-days' 
storage  at  60°,  50°,  and  40°;  picked  mature  green 
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RESULTS  IN  1927 


For  the  experiments  of  the  season  of  1927  the  Marglobe  variety 
was  again  grown.  The  seed  was  sown  during  the  first  week  in  June 
and  the  plants  set  in  the  field  on  July  8.  On  October  17,  when  a 
killing  frost  seemed  near,  the  entire  planting  was  gone  over,  and  all 
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fruits  except  those  too  small  or  immature  were  picked.  The  entire 
picking  was  then  divided  into  the  same  four  grades  as  in  1926 — firm 
ripe,  turning,  mature  green,  and  green.  With  differences  in  some 
details,  the  tests  were  carried  on  much  the  same  as  in  1926. 

RIPENING  IN  STORAGE 

In  the  first  experiment,  half-bushel  hampers  of  approximately  85 
fruits  each,  representing  tomatoes  of  the  different  stages  of  maturity 
when  picked,  were  put  in  storage.  Those  in  the  turning  stage  were 
stored  at  55°,  50°,  40°,  and  36°  F.  The  mature  green  stage  was 
stored  at  60°,  55°,  50°,  and  40°,  and  the  green  stage  at  70°,  60°,  55°, 
and  40°.  Since  previous  investigations  showed  evidence  of  break- 
down due  to  low  temperature  at  50°,  it  was  decided  to  add  55°  as 
an  intermediate  ripening  and  storage  temperature  between  50°  and 
60°;  and  since  some  ripening  of  tomatoes  in  the  turning  stage  at  40° 
had  been  previously  noted,  it  was  decided  to  add  36°  as  a  still  lower 
storage  temperature.  Since  rapid  decay  developed  at  the  higher 
temperature,  tomatoes  in  the  turning  and  mature  green  stages  were 
not  stored  at  70°.  The  various  lots  were  held  for  periodic  inspection 
to  determine  the  progress  of  ripening  and  decay.  The  results  of  the 
inspections  are  given  in  Tables  13  and  14. 

Table  13. — Condition  of  tomatoes  picked  in  the  turning  stage  after  storage  for 
different  periods  at  various  temperatures 


Period  in  storage  and 
holding  temperature  (°  F.) 

Percentage     in 
condition  or  j 
maturity 

each 
stage  of 

Remarks 

Ripe 

Turn- 
ing 

Decay- 
ed 

After  8  days: 

55° 

50° 

100 
81 
15 
14 

100 

100 

15 

0 

100 
100 
100 

0 
19 
85 
86 

0 
0 

85 
0 

0 
0 
0 

34 
0 
2 
0 

46 
26 
29 
100 

95 
88 
100 

Color  and  quality  good. 
Do. 

40° 

Color  yellowish;  flavor  not  good.            * 

36° 

Pale  color;  soft;  flavor  not  good. 

After  17  days: 
55° 

Color  and  flavor  good. 

50° 

Do. 

40° 

Ripe  and  pale-pink  color;  soft;  flavor  not  good. 

36° 

After  28  days: 
55° 

Color  and  flavor  fair. 

50° 

Color  and  flavor  not  good. 

40° 

Pale  color;  flavor  not  good. 

36° 

In  Table  13  are  given  the  results  of  the  inspections,  while  in  storage, 
of  tomatoes  in  the  turning  stage  when  picked.  After  eight  days  in 
storage  all  of  those  stored  at  55°  had  fully  ripened  with  good  color  and 
quality,  while  34  per  cent  showed  decay;  of  those  stored  at  50°,  81  per 
cent  were  ripe  with  no  decay;  of  those  stored  at  40°  only  15  per  cent 
were  ripe ;  and  of  those  stored  at  36°,  14  per  cent  were  ripe.  The  color 
and  quaUty  of  those  in  40°  and  36°  storage  were  not  good.  After  17 
days  all  of  those  in  50°  storage  had  ripened,  but  46  per  cent  were 
decayed.  At  40°  and  36°  there  was  no  increase  in  the  number  of 
ripened  fruits,  whereas  the  decay  at  40°  had  increased  to  a  total  of 
29  per  cent;  at  36°  all  specimens  had  decayed.  After  28  days  the 
decay  in  55°  storage  had  increased  to  a  total  of  95  per  cent.  In  50° 
storage  all  the  tomatoes  had  developed  full  color,  but  88  per  cent  of 
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these  showed  decay.  Of  those  held  at  40°  all  specimens  had  fully 
colored,  but  the  color  was  pale  and  unattractive,  and  all  showed  some 
decay.     The  quality  of  these  was  poor. 

Table  14. — Condition  of  tomatoes  picked  in  the  mature  green  stage  after  storage  for 
different  periods  at  various  temperatures 


Period  in  storage 

and  holding 
temperature  (°r.) 

Percentage  in  each  condition  or 
stage  of  maturity 

Remarks 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

After  8  days: 
60° 

52 
62 
10 
0 

92 
94 

87 
0 

100 
100 

95 
79 

39 
17 
61 
51 

8 
3 

8 

78 

0 
0 
5 
0 

9 
20 
29 
49 

0 

3 

5 

22 

0 

0 

0 

21 

0 
0 
0 
0 

4 
0 
0 

5 

39 
37 
39 

75 

Color  and  quality  very  good. 
Do. 

55°-   

50°    .  . 

Color  not  good;  yellowish. 
Color  yellowish;  flavor  not  good. 

Color  and  quality  very  good. 
Do. 

40° 

After  17  days: 
60° 

55° 

50° 

Color  not  good;  flavor  fair. 
Color  pale;  flavor  poor. 

Color  good;  fruit  soft;  flavor  good. 
Color  good;  fruit  firm;  flavor  good. 
Color  pale;  flavor  fair. 
Color  very  pale  pink;  flavor  not  good. 

40° 

After  28  days: 
60°   . 

55° 

50° 

40° 

After  36  days: 

60° 

55° 

100 
0 
0 

0 
0 
0 

0 
0 
0 

66 
100 
100 

16  per  cent  still  firm;  flavor  good. 

50° 

40° 

After  42  days: 

60° 

55° 

50° 

100 

0 

0 

83 

17  per  cent  still  sound,  but  soft. 

40° 

In  Table  14  are  shown  the  results  from  the  storage  of  mature  green 
tomatoes.  After  eight  days  at  60°,  52  per  cent  were  fully  ripe,  and 
62  per  cent  of  those  held  at  55°  were  ripe,  with  color  and  quality  prac- 
tically as  good  as  in  field-ripened  fruit.  Only  10  per  cent  of  those 
held  at  50°  were  ripe,  and  they  had  unsatisfactory  color;  none  of 
those  held  at  40°  were  fully  colored.  After  28  days  all  at  60°  and  55° 
were  fully  ripe,  and  the  sound  fruits  in  60°  storage  were  becoming 
soft,  while  those  in  55°  storage  were  still  firm.  Only  39  and  37  per 
cent,  respectively,  of  decayed  fruits  were  found  in  those  stored  at 
these  temperatures.  At  50°  coloring  progressed,  but  at  this  and  the 
lower  temperatures  the  color  that  developed  was  not  satisfactory. 

In  Table  15  are  shown  the  results  of  the  ripening  of  green  tomatoes 
at  temperatures  of  70°,  60°,  55°,  50°,  and  40°.  Ripening  developed 
much  as  with  the  mature  green  tomatoes,  the  rate  of  ripening  decreas- 
ing with  the  temperature.  Although  those  in  70°  storage  ripened 
faster,  they  did  not  remain  in  good  condition  after  ripening  as  long 
as  those  stored  at  60°  or  55°.  Those  that  ripened  at  temperatures 
below  55°  did  not  develop  good  color  or  quality. 

The  rate  of  ripening  was  almost  as  rapid  at  55°  as  at  60°  or  70°, 
whereas  the  rate  of  decay  after  ripening  was  markedly  slower.  At 
50°,  although  ripening  took  place,  the  color  did  not  develop  to  so 
dark  a  shade  of  red  as  at  the  higher  temperatures,  and  the  quaUty 
of  the  fruit  was  only  fair,  while  the  fruit  usually  was  very  soft  by  the 
time  it  was  entirely  colored.  It  was  also  noted  in  addition  that  there 
was  a  tendency  of  the  fruit  to  split  between  the  segments  near  the 
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Plate  I 


A.^Mature  green  Globe  tomato  held  at  25°  F.  for  21  hours  and  subsequently  ripened  at  70® 
Localized  freezing  injury  is  apparent  but  most  of  the  fruit  ripened  normally 


(Color  drawinc  by  R.  C.  Steadman) 


-Marglobe  tomato  ripened  at  50°  in  three  weeks  from  original  pink  or  turhmg  stage  when  picked. 
This  shows  typical  severe  breakdown  around  the  stem  as  well  as  lesions  on  the  side 


(Color  drawing  by  M.  P.  Arnold) 
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A.— Mature  green  Marglobe  tomato  after  six  weeks  storage  at  40**  F.; 

B.— Mature  green  Marglobe  tomato  after  four  weeks  storage  at  40°  and  then  two  weeks 
in  the  60°  rii)ening  room 

(Color  drawingR  by  R.  C.  Steadmsn) 


EFFECT  OF  TEMPERATUKES  ON  TOMATOES 


21 


stem  end,  and  often  soft  dark  spots  from  one-sixteenth  to  one-half 
inch  in  diameter  appeared  scattered  over  the  fruit.  (PL  1,  B.)  In 
these  lesions  fungous  growth,  Macrosporium  solani,  was  usually- 
found.  At  temperatures  below  50°  this  fungus  was  seldom  noted, 
but  the  fruit  softened  and  decayed  because  of  other  organisms.  At 
40°  and  36°  little  or  no  ripening  took  place.  The  fruit  soon  became 
yellowish  green  to  white,  and  soft.     (PI.  2.) 


Table  15. 


-Condition  of  tomatoes  picked  in  the  green  stage  after  storage  for  different 
periods  at  various  temperatures 


Period  in  storage 

and  holding 
temperature  (°  F.) 

Percentage  in  each  condition  or 
stage  of  maturity 

Remarks 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

After  8  days: 

70°_- 

5 
10 
8 
0 
0 

100 
75 
55 
38 
0 

100 
100 
86 
90 

24 
45 
15 
13 
0 

0 
17 
19 
31 
17 

0 
--- 

0 
15 

22 
45 
77 
87 
100 

0 

8 

26 

31 

83 

0 
0 
0 
10 

85 

1 
0 
0 
0 
0 

11 

1 

0 
0 
2 

100 
31 
14 

1 
35 

60° 

55°   

50° 

40° 

After  17  days: 
70° 

Soft. 

60° 

Color  and  flavor  good. 

55° 

Do. 

50° 

Color  yellowish;  flavor  fair. 

40° 

Color  yellowish;  flavor  poor. 

After  28  days: 
70°         

All  decayed. 

60° 

Firm;  color  good;  flavor  good. 

55°--      

Do. 

50° 

All  very  soft;  color  pale;  flavor  fair. 

40° 

All  very  soft;  color  pale;  flavor  poor. 

After  36  days: 

70° 

60° 

100 

100 

0 

0 

0 
0 
0 
0 

0 

0 

0 

100 

100 
29 

100 
12 

55° 

65  per  cent  firm;  flavor  good. 

50°   - 

Breakdown  identified  as  Macrosporium  solani. 
Pale  yellow;  no  breakdown  as  at  50°;  flavor  poor. 

40° 

After  42  days: 
70° 

60° 

55° 

100 

78 

50° 

40° 

0 

0 

0 

100 

All  nearly  white  and  breaking  down. 

STORAGE  OF  RIPE  TOMATOES 

In  the  next  experiment,  a  holding  test,  half-bushel  hamper  lots  of 
firm  ripe  tomatoes  were  stored  at  50°,  40°,  and  36°  F.;  the  results 
are  shown  in  Table  16.  After  eight  days  in  storage,  95  per  cent  of 
those  held  at  50°  had  become  soft,  and  5  per  cent  were  showing 
decay,  whereas  all  the  specimens  held  at  40°  and  36°  were  still  firm 
and  in  good  condition.  After  17  days  at  50°,  36  per  cent  were  still 
classed  as  sound  but  soft,  while  the  decay  had  increased  to  64  per 
cent.  At  40°,  50  per  cent  of  the  tomatoes  were  soft  and  50  per  cent 
decayed,  and  at  36°  all  were  classed  as  sound  but  soft.  After  28  days, 
tomatoes  at  all  the  storage  temperatures  were  found  to  be  decayed. 

In  a  further  test  of  the  influence  of  temperature  on  the  holding  of 
ripe  tomatoes,  firm  ripe  fruits  that  had  been  held  at  55°,  50°,  and 
36°  were  transferred  in  lots  of  10  each  to  60°  after  8  and  18  days  in 
storage.  After  8  days  in  storage  and  10  days  at  60°,  as  shown  in 
Table  17,  those  from  55°  storage  were  still  firm  and  in  good  condi- 
tion, while  those  from  50°  storage  were  somewhat  soft.  The  quality 
in  those  from  both  55°  and  50°  was  good.     Those  from  36°  storage 
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were  faded  in  color  and  their  flavor  was  somewhat  impaired.  After  18 
days  in  storage  the  next  lot  was  exposed  to  a  temperature  of  60°, 
and  inspections  were  made  after  5,  10,  and  15  days.  After  15  daj^s 
at  60°  those  from  55°  storage  were  still  in  good  condition  and  firm, 
while  those  from  50°  storage  were  soft  but  of  good  color.  All  of  those 
from  36°  storage  were  beginning  to  decay  after  five  days  at  60°. 
The  color  of  these  had  changed  to  a  pale  yellowish  pink. 

Table  16. — Condition  of  tomatoes  picked  in  the  firm  ripe  stage  and  stored  at  tempera- 
tures and  for  periods  shown 


Period   in   storage 
and  holding  tem- 

Percentage    in     each 
condition  or  stage  of 
maturity 

Remarks 

perature  (°  F.) 

Firm 

Soft 

De- 
cayed 

After  8  days: 
50° 

0 

100 
100 

0 

0 
0 

0 
0 
0 

95 

0 
0 

36 

50 
100 

0 
0 
0 

5 

0 
0 

64 

50 

100 
100 
100 

Soft  ones  were  sound  and  in  good  condition,  with  good 

flavor. 
Flavor  good. 

40° 

36° 

Do. 

After  17  days: 
50° 

Decay  consisted  of  soft,  round,  brown  spots,  }4  to  }4  inch, 

caused  by  Macrosporium  solani. 
Flavor  of  soft  ones  insipid. 

40° 

36° 

Very  soft  and  ready  to  brealc  down  about  the  stem  ends; 

After  28  days: 
50°    

flavor  insipid. 

40° 

Do. 

36° 

Do. 

Table  17. — Condition  of  tomatoes  picked  in  the  firm  ripe  stage  after  8  and  18  days 
each  in  storage  at  55°,  50°,  and  36°  F.,  as  determined  by  successive  inspections  in 
the  ripening  room  at  60° 


Preliminary   hold- 
ing   period    and 

Development  of  decay 
in  ripening  room- 

Remarks 

storage  tempera- 
ture (°  F.) 

After 
5  days 

After 
10  days 

After 
15  days 

Held  for  8  days: 
65° 

Per  cent 

Per  cent 
0 
4 
6 

0 

0 

100 

Per  cent 

0 

0 

100 

Firm;  color  and  quality  good. 
Soft;  color  and  quality  good. 
Soft;  color  faded;  quality  poor. 

Firm;  color  and  quality  good. 
Soft;  color  and  quality  good. 
Color  poor  when  put  in  ripening  room; 
and  rapid  decay  developed. 

60° 

36°  - 

Held  for  18  days: 
65° 

0 
0 
10 

50° 

36° 

soon  became  soft, 

RESULTS  IN  1928 

During  1928  the  work  was  largely  a  repetition  of  that  of  previous 
years,  and  was  done  with  a  view  to  verifying  the  results  previously 
obtained.  For  this  reason  the  work  was  not  carried  out  in  such  detail 
as  in  the  previous  years.  Two  plantings  of  Marglobe  tomatoes  were 
made  in  the  field  the  last  of  April  and  the  1st  of  July. 
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A.— Normal  Marglobe  tomato  picked  mature  green  and  ripened  at  60°  F.; 

B.— Marglobe  tomato  picked  mature  green  two  days  after  a  hard  frost  and  ripened  at  60°. 
Mottled  area  apparently  due  to  frost  injury 

(Color  drawioca  by  R.  C.  Stekdman) 
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RIPENING  IN  STORAGE 

For  the  first  experiment  a  lot  of  mature  green  tomatoes  from  the 
first  planting  was  picked  on  August  1,  and  half -bushel  hamper  lots 
were  stored  at  60°,  50°,  and  40°  F.,  so  that  the  rate  of  ripening  and 
the  keeping  quality  at  these  temperatures  might  be  studied  and  com- 
pared with  the  results  obtained  during  the  previous  seasons.  Inspec- 
tions were  made  at  these  temperatures  after  7,  14,  21,  and  29  days 
in  storage,  with  the  results  shown  in  Table  18.  After  seven  days  in 
storage  12  per  cent  of  those  in  60°  storage  were  ripe;  3  per  cent  of 
those  in  50°  storage  were  ripe;  and  none  of  those  stored  at  40°  were 
ripe.  After  14  days  23  per  cent  of  those  in  60°  storage  were  ripe,  3 
per  cent  of  those  in  50°  storage,  and  1  per  cent  of  those  in  40°  storage. 
After  21  days  33  per  cent  of  those  in  60°  storage  were  ripe,  18  per 
cent  of  those  in  50°  storage,  and  2  per  cent  of  those  in  40°  storage. 
After  29  days  all  of  those  stored  at  60°  were  ripe  and  in  good  sound 
condition,  with  color  and  quality  practically  equal  to  that  of  field- 
ripe  tomatoes.  Only  31  per  cent  of  those  stored  at  50°  were  ripe 
and  10  per  cent  w^ere  decayed.  The  ripe  tomatoes  stored  at  this 
temperature  w^ere  of  a  pale  color,  soft  in  texture,  and  not  so  attractive 
as  those  stored  at  60°.  (PL  3,  A.)  Only  2  per  cent  of  those  stored 
at  40°  were  ripe,  while  25  per  cent  were  decayed. 

Table  18. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage,  after  storage  at  temperatures  and  for  periods  shown 


Storage 
temper- 

Days in 
storage 

Percentage  in  each  condition  or 
stage  of  maturity 

Storage 
temper- 
ature 
(°F.) 

Days  in 
storage 

Percentage  in  each  condition  or 
stage  of  maturity 

ature 
(°F.) 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

Ripe 

• 

Turn- 
ing 

Green 

De- 
cayed 

60 

50 

40 

60 

50 

40 

7 
7 
7 
14 
14 
14 

12 
3 
0 

23 
3 
1 

9 
7 
1 
6 
9 
0 

79 
90 
99 
61 

88 
99 

0 
0 
0 
0 
0 
0 

60 

50 

40 

60 

50 

40 

21 
21 
21 
29 
29 
29 

33 
18 

2 
100 
31 

2 

17 
12 
0 
0 
19 
0 

13 
70 
98 
0 
40 
73 

0 
0 
0 
0 
10 
25 

In  another  experiment  undertaken  to  study  the  rate  of  ripening  in 
storage,  half-bushel  lots  of  mature  green  tomatoes  picked  October  11 
were  stored  at  60°,  55°,  and  50°.  Periodic  inspections  were  made 
more  frequently  than  in  the  former  experiment  and  continued  until 
47  days  after  picking,  as  shown  in  Table  19.  After  30  days  at  60°, 
90  per  cent  had  ripened  and  9  per  cent  were  decayed.  After  47  days 
at  55°,  90  per  cent  were  ripe  and  10  per  cent  were  decayed.  The 
quality  and  color  of  those  ripened  at  60°  and  55°  were  very  good. 
After  47  days  at  50°,  however,  only  65  per  cent  had  ripened,  and 
these  displayed  a  pale  and  unattractive  color  with  poor  quality,  while 
19  per  cent  were 'decayed. 

In  this  and  the  preceding  experiments  the  most  satisfactory  storage 
temperatures  again  proved  to  be  60°  and  55°.  The  rate  of  ripening 
at  60°  was  more  rapid,  whereas  at  55°  the  tomatoes  kept  17  days 
longer  before  the  same  amount  of  ripening  had  developed  as  at  60°. 
At  50°  some  ripening  took  place,  but  the  color  was  unsatisfactory. 
At  40°  little  or  no  ripening  occurred.  At  50°  and  40°  the  rate  of 
decay  was  more  rapid  than  at  the  higher  temperatures. 
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Table  19. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage  and  stored  at  ripening  temperatures  of  60°,  55°,  and  50°  F. 


Percentage  in  each  condition  or  stage  of  maturity  when  stored  at  the 
temperature  indicated 

Inspection  in  ripening 
rooms  after— 

Ripe 

Turning 

Green 

Decayed 

60° 

55° 

50° 

60° 

55° 

50° 

60° 

56° 

50° 

60° 

55° 

50° 

6  days 

0 

1 

2 

6 

20 

35 

64 

90 

0 

0 

1 

6 

9 

11 

26 

37 

52 

83 

90 

0 

0 

0 

0 

1 

1 

2 

6 

10 

37 

65 

2 
2 
5 

12 
17 
26 
24 
0 

3 

6 

8 

9 

16 

22 

28 

31 

31 

7 

0 

0 

1 

1 

1 

4 

6 

9 

22 

27 

33 

11 

98 
96 
92 
78 
57 
32 
4 
1 

97 
94 
90 

84 

73 

65 

44 

27 

8 

1 

0 

100 
98 
98 
98 
93 
90 
85 
61 
48 
11 
5 

0 

1 
1 
4 
6 

7 
8 
9 

0 
0 
1 
1 
2 
2 
2 
5 
9 
9 
10 

0 

8  days          -.    ..- 

1 

11  days...  -  -.-     .  --- 

1 

14  days..        .. 

1 

18  days .._ 

2 

21  days 

3 

25  days                   -      

4 

30  days 

11 

33  days 

15 

43  days 

19 

47  days...  .-. 

19 

EFFECTS  OF  STORAGE  TEMPERATURE  ON  SUBSEQUENT  RIPENING 

In  the  next  experiment  half -bushel  lots  of  mature  green  tomatoes 
picked  August  1  were  stored  at  50°  and  40°.  After  7,  14,  and  21  days, 
20  specimens  from  each  lot  were  removed  to  the  60°  ripening  room, 
and  subsequent  inspections  were  made  with  the  object  of  determining 
how  long  tomatoes  can  be  held  at  these  lower  temperatures  and  still 
be  expected  to  ripen  satisfactorily  when  put  under  optimum  ripening 
conditions.     The  results  are  shown  in  Table  20. 

Table  20. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage,  stored  for  different  periods  at  50°  and  1^0°  F.,  and  transferred 
to  a  60°  ripening  room 


Duration  of  previous  storage  and  time  in  ripening 
room 

Percentage  in  each  condition  or  stage  of  maturity 
when  inspected  in  ripening  room  after  previous 
storage  at  temperature  shown 

Ripe 

Turning 

Green 

Decayed 

50° 

40° 

50° 

40° 

50° 

40° 

50° 

40» 

Previous  storage  7  days: 

7  days.    _-. 

35 
60 
85 

15 
100 

50 
100 

5 
40 
100 

5 
65 

0 
0 

5 
10 
0 

15 
0 

30 
0 

10 
15 
0 

0 

25 

0 
0 

50 

20 

5 

70 
0 

20 
0 

85 

45 

0 

90 
15 

35 
0 

10 
10 
10 

0 
0 

0 
0 

0 

14  days .  .-    .  _    ..-..---     .. 

0 

22  days     

0 

Previous  storage  14  days: 

7  days . . 

5 

14  days          

5 

Previous  storage  21  days: 

7  days . 

65 

14  days            .  . 

100 

After  seven  days'  storage  at  50°  and  40°  and  seven  days  in  the 
ripening  room,  35  per  cent  of  the  tomatoes  from  50°  storage  were  ripe 
and  10  per  cent  were  decayed,  while  5  per  cent  of  those  from  40° 
storage  were  ripe.  After  22  days  of  ripening,  85  per  cent  of  those 
from  50°  and  100  per  cent  of  those  from  40°  storage  were  ripe.  The 
ripened  tomatoes  from  both  50°  and  40°  storage  were  of  good  color 
and  quality.  After  14  days  of  storage  at  the  lower  temperatures  and 
7  days  at  60°,  15  per  cent  of  those  from  50°  and  5  per  cent  from  40° 
storage  were  ripe,  with  5  per  cent  decay  in  the  latter.  After  14  days 
of  ripening  at  60°,  all  of  those  from  50°  storage  were  ripe  and  55  per 
cent  of  those  from  40°  storage,  with  no  further  development  of  decay. 
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After  21  days^  storage  at  50°  and  40°  and  7  days  of  ripening  at  60°, 
50  per  cent  of  those  from  50°  storage  were  ripe,  whereas  none  from 
40°  storage  were  ripe,  and  65  per  cent  were  decayed.  After  14  days 
of  ripening,  all  the  tomatoes  from  50°  storage  were  colored  but  were 
somewhat  pale  and  of  fair  quahty,  while  all  of  those  from  40°  storage 
had  decayed.  In  this  experiment  tomatoes  stored  14  days  at  50°  sub- 
sequently ripened  at  60°,  although  their  color  was  pale  and  unattrac- 
tive. Tomatoes  stored  at  40°  for  14  days  colored  very  slowly  and 
unsatisfactorily  at  60°,  but  when  stored  for  21  days  at  this  tempera- 
ture they  failed  to  ripen  at  all  and  quickly  decayed  when  transferred 
to  a  suitable  ripening  temperature. 

In  another  lot  of  tomatoes  picked  on  August  22  and  stored  under 
the  same  conditions  as  in  the  former  experiment,  seven  days'  exposure 
to  40°  F.  apparently  had  a  deleterious  effect  on  the  subsequent  ripen- 
ing at  60°,  as  shown  in  Table  21.  After  seven  days'  storage  and  seven 
days  in  the  ripening  room  at  60°,  5  per  cent  of  those  from  50° storage 
were  ripe,  while  none  of  those  from  40°  storage  were  ripe.  After  14 
days  at  60°,  40  per  cent  of  those  from  50°  storage  were  ripe,  while 
only  10  per  cent  of  those  from  40°  storage  were  ripe  and  15  per  cent 
had  decayed.  When  stored  for  14  days  and  ripened  for  7  days  at 
60°,  5  per  cent  of  those  from  50°  storage  were  ripe  and  50  per  cent 
turning,  while  none  of  those  from  40°  storage  were  ripe  or  turning 
and  35  per  cent  were  decayed.  After  14  days  all  those  from  50° 
storage  were  ripe  and  sound,  while  all  of  those  from  40°  storage  were 
decayed.  Perhaps  one  reason  that  the  tomatoes  in  the  latter  experi- 
ment did  not  hold  so  well  as  before  is  that  this  lot  was  not  in  such  good 
condition  when  picked,  being  more  tender  and  watery  because  of 
excessive  rainfall. 


Table  21. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage,  stored  for  7  and  14  days  at  50°  and  40°  F.,  and  transferred  to 
a  60°  ripening  room 


Duration  of  previous  storage  and  time 
in  ripening  room 

Percentage  in  each  condition  or  stage  of  maturity 
when  inspected  in  rij^ening  room  after  previous 
storage  at  temperature  shown 

Ripe 

Turning 

Green 

Decayed 

50° 

40» 

50° 

40° 

50" 

40° 

50° 

40° 

Previous  storage  7  days: 
7  days 

6 
40 

6 
100 

0 
10 

0 
0 

5 
0 

50 
0 

5 
15 

0 
0 

90 
60 

45 
0 

95 
60 

65 
0 

0 
0 

0 
0 

0 

14  days.  .  .  ..  ...    . 

15 

Previous  storage  14  days: 

7  days 

35 

14days . 

100 

A  series  of  tests  with  varying  exposures  of  3,  4,  8,  11,  14,  and  21 
days  to  unfavorable  storage  temperatures  wasr  made  with  tomatoes 
picked  October  11.  Inspections  of  all  lots  usually  terminated  when 
the  accumulated  decay  became  too  large  for  commercial-storage  prac- 
tice. In  the  first  experiment,  half-bushel  lots  of  mature  green  toma- 
toes were  stored  at  50°,  40°,  and  32°  F.  for  three  days,  after  which 
they  were  all  transferred  to  the  60°  ripening  room  and  inspected 
periodically,  as  shown  in  Table  22. 
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Table  22. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage,  stored  three  days  at  50°,  40°  y  and  32°  F.,  and  transferred  to 
a  60°  ripening  room 


Inspection  in  ripening  room 


3  days.. 
5  days, 
7  days, 
10  days 
12  days 
14  days 


Percentage  in  each  condition  or  stage  of  maturity  after  storage  at  temperature 
indicated 


Ripe 


50°       40°       32 


Turning 


50°       40°       32° 


Green 


50°       40°       32' 


100 
90 
90 
40 
20 
10 


95 


65 


100 
100 
100 
80 
60 
40 


Decayed 


50°       40°       32' 


Table  23. — Rate  of  ripening  and  development  of  decay  in  tomatoes  picked  in  the 
mature  green  stage  stored  \,  8,  11,  14,  d'nd  21  days  at  40°  ■,  36°,  and  32°  F.,  and 
transferred  to  the  60°  ripening  room 


Previous  storage  and  in- 
spection in  ripening  room 
after — 


4  days'  previous  storage: 

2  days 

4  days 

7  days 

10  days 

14  days 

17  days 

21  days 

26  days 

8  days'  previous  storage: 

2  days 

4  days 

7  days 

10  days 

14  days 

11  days'  previous  storage: 

3  days 

7  days 

10  days 

14  days 

19  days 

22  days 

26  days 

14  days'  previous  storage: 

4  days 

7  days 

11  days 

16  days 

19  days 

23  days 

26  days.. 

21  days'  previous  storage: 

4  days 

9  days 

12  days 

16  days 

19  days 

22  days 

26  days 


Percentage  in  each  condition  or  stage  of  maturity  after  storage  at  tempera- 
ture indicated 


Ripe 


40°       36°       32° 


Per 
cent 
0 
0 
0 
0 
3 
8 
15 


Per 
cent 
0 
0 
0 
0 
3 
5 
20 


Per 
cent 
0 
0 
0 
0 
0 
12 
12 
60 

0 
0 
0 

5 
5 

0 
0 
0 
0 
0 


Turning 


40°       36°       32' 


Per 
cent 
0 
0 
0 
5 
5 

10 

33 

2 

0 
10 

5 
20 

28 

0 

2 

2 

10 

37 

25 

5 

0 
2 
5 

22 

47 

17 

0 

0 
0 
0 
0 
20 
13 
0 


Per 

cent 

3 


Per 
cent 
0 
0 
2 
2 
8 
15 
42 
5 

0 
5 
5 
0 
10 

0 
2 
0 

7 
0 


Green 


40° 


Per 
cent 
100 
100 
95 
90 
85 
75 
35 
8 

100 

88 
85 
63 
25 

100 
98 
95 
80 
28 
5 
0 

100 


36° 


Per 
cent 
97 
.97 
97 
97 
90 
78 
43 
8 

100 
100 


63 

100 
98 
85 
75 
0 


100 

98 
75 
28 
10 
0 
0 

100 
0 


32° 


Per 

cent 
100 
100 
95 
90 
80 
58 
23 


90 
90 
63 

100 


100 


100 
0 


Decayed 


40°   36°   32° 


Per 

cent 

0 

0 

5 
5 
7 
7 
17 
32 

0 
2 

7 
10 
15 


Per 
cent 
0 
0 
0 
0 
2 
2 
10 
10 

0 
0 

5 
5 
10 


0 

0 

0 

0 

0 

0 

3 

0 

10 

8 

5 

28 

10 

85 

100 

15 

15 

0 

0 

0 

0 

0 

2 

7 

17 

45 

18 

45 

77 

25 

58 

33 

65 

33 

65 

20 

0 

0 

70 

100 

100 

70 

75 

75 

77 

77 

Per 
cent 
0 
0 
3 
8 
12 
15 
23 
27 

2 
2 
5 
5 

17 
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In  the  next  and  succeeding  experiments  of  this  series  the  tomatoes 
were  stored  before  ripening  at  40°,  36°,  and  32°,  36°  being  substi- 
tuted for  the  50°  used  in  the  precediug  test.  The  tomatoes  were 
exposed  to  these  temperatures  for  increasing  periods  of  time  before 
beiug  put  in.  the  60°  ripening  room.  Inspections  in  the  ripening  room 
were  made  at  frequent  mtervals.  The  results  as  shown  in  Table  23 
are  practically  in  accord  with  results  of  experiments  already  discussed 
and  need  not  be  again  considered  ui  detail. 

Summing  up  the  results  of  this  group  of  experiments,  it  may  be 
stated  that  mature  green  tomatoes  stored  at  50°  for  periods  up  to  14 
days  subsequently  ripened  normally  at  60°,  but  if  they  were  stored 
longer  at  50°  the  color  developed  on  ripening  at  60°  was  somewhat 
pale  and  not  attractive.  When  tomatoes  were  stored  at  40°  for  11 
days  or  less  and  later  transferred  to  60°,  most  of  the  fruits  ripened, 
but  the  color  was  poor.  If  the  tomatoes  were  left  for  a  longer  time 
at  40°,  few  of  the  fruits  subsequently  ripened.  If  tomatoes  were  left 
at  32°  and  36°  for  from  8  to  11  days,  the  color  of  the  ripened  fruit 
was  pale  and  unattractive  and  the  quahty  poor.  If  the  period  of 
preliminary  storage  was  longer  than  this,  most  of  the  fruits  failed 
to  ripen. 

One  holding  test  was  made  with  both  firm  ripe  tomatoes  and  toma- 
toes in  the  turning  stage.  Half -bushel  lots  of  those  at  each  stage 
were  stored  at  50°,  40°,  and  36°  for  14  days  and  then  held  in  the  labor- 
atory at  about  75°,  and  inspected  after  2  and  5  days.  The  high  tem- 
perature of  the  laboratory  made  this  a  rather  severe  test,  and  5  days 
proved  to  be  about  the  limit  of  time  any  of  the  lots  could  be  held. 
As  shown  in  Table  24,  after  2  days  in.  the  laboratory  the  originally 
firm  ripe  tomatoes  from  preUminary  storage  of  14  days  at  50°  were 
all  somewhat  soft  but  in  good  sound  condition.  Those  from  40° 
storage  were  soft  and  had  small  dark  soft  spots  indicative  of  low- 
temperature  breakdown.  Fruits  from  36°  storage  were  quite  soft 
and  of  a  yellowish  cast,  but  without  spots  such  as  those  from  40° 
storage  showed.  Of  the  lots  in  the  original  turning  stage,  those  from 
50°  and  40°  storage  were  well  colored,  firm,  and  in  good  condition. 
Tomatoes  from  36°  storage  were  pale  yellowish  pink  and  somewhat 
soft.  After  five  days  in  the  laboratory  all  of  the  originally  firm  ripe 
lots  were  decaying,  while  of  the  turning  lots  83  per  cent  of  those  from 
50°  storage  were  sound,  of  those  from  40°  storage  65  per  cent  were 
soimd,  and  of  those  from  36°  storage  all  were  decaying. 

Table  24. — Condition  of  tomatoes  picked  in  the  firm  ripe  and  turning  stagesj 
stored  14-  days  at  50°,  4-0°,  and  36°  F.,  and  transferred  to  ordinary  room  tempera- 
ture {about  70°) 


Holding    period    and 
preliminary    storage 
temperature  (°F.) 

Condition  at  room  temperature 

Picked  in  firm  ripe  stage 

Picked  in  turning  stage 

'"^^ 

All  fully  colored  and  firm. 

40°.       . 

All  showing  small,  dark,  soft  spots          ..    ._ 

Do. 

36° :.:.::::: 

All  soft;  yellowish  color 

All  soft;  pale  yellowish  color. 

5  days: 
50° 

All  showing  decay 

83  per  cent  still  sound. 

40°. 

do 

36° 

do 

All  decaying. 
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EFFECT  OF  FIELD  FROST  ON  RIPENING  OF  MATURE  GREEN  TOMATOES 

Late  in  October,  1928,  an  attempt  was  made  to  determine  the  effect 
of  field  frost  on  the  subsequent  ripening  of  mature  green  tomatoes. 
On  the  evening  of  October  26,  when  a  heavy  frost  seemed  imminent,  a 
half-bushel  lot  of  mature  green  tomatoes  from  the  late  planting  was 
picked  and  placed  in  an  unheated  room.  Previous  to  this  time  no 
frost  had  occurred.  The  tomatoes  in  the  field  were  still  in  excellent 
condition  and  the  vines  in  their  prime.  The  frost  occurred  during  the 
night  as  expected  and  proved  to  be  a  heavy  one  that  killed  all  the 
vines.  The  following  morning  an  equivalent  lot  was  picked,  each 
tomato  of  this  lot  still  showing  hoarfrost  when  picked.  The  two  lots 
were  then  put  into  the  60°  ripening  room,  and  periodic  inspections 
were  made  to  record  the  progress  of  ripening.  The  results  are  shown 
in  Table  25.  The  rate  of  ripening  was  more  rapid  in  the  tomatoes 
picked  before  the  frost,  and  in  addition  the  progress  of  decay  was  less 
rapid.  At  the  termination  of  the  experiment  after  38  days  in  the 
ripening  room,  91  per  cent  of  those  picked  before  the  frost  were  ripe 
and  in  good  condition,  whereas  the  remainder,  9  per  cent,  were  de- 
cayed. Of  those  picked  after  the  frost,  79  per  cent  were  ripe  and  21 
per  cent  were  decayed.  The  appearance  and  quality  of  the  ripe 
tomatoes  of  both  lots  were  apparently  equal. 

Table  25. — Comparative  rate  of  ripening  of  unfrosted  and  frosted  mature  green 
tomatoes  picked  the  evening  before  and  the  morning  following  a  heavy  field  frost, 
October  26-27,  1928,  as  determined  by  successive  inspections  in  a  60°  F.,  ripening 


Time  of  picking  and 
period  in  ripening 
room 

Percentage  at  each  stage  of 
maturity  when  inspected 

Time  of  picking  and 
period  in  ripening 
room 

Percentage  at  each  stage  of 
maturity  when  inspected 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

Evening  before  frost: 
15  days 

Per 

cent 

2 

24 
39 
56 
75 
91 

Per 
cent 
24 
18 
23 
12 
6 
0 

Per 
cent 
68 
51 
31 
23 
10 
0 

Per 
cent 
6 

7 
7 
9 
9 
9 

Morning  after  frost: 
15  days  .    __ 

Per 

cent 

3 

9 

29 

43 

67 

79 

Per 

cent 

14 

20 

19 

15 

9 

0 

Per 
cent 
73 
55 
33 
21 
3 
0 

Per 
cent 
10 

18  days 

16 

22  days 

22  days  

19 

2o  days 

21 

32  days 

32  days 

21 

38  days 

38  days 

21 

Two  days  following  the  frost  just  described,  another  experiment 
on  the  effect  of  frost  or  frost  injury  in  the  field  on  the  ripening  of 
tomatoes  was  started.  At  this  time  the  effect  of  frost  on  the  tomatoes 
could  be  seen  as  marked  by  a  previously  unnoted  mottled  appearance 
in  certain  areas  on  the  exposed  sides  of  the  fruits  as  they  remained  in 
the  field.  Transparent  watery  tissue  was  noted  within  the  affected 
areas  of  the  outer  tissue,  as  shown  in  Plate  3,  B.^  Two  lots  of  a  half 
bushel  each  of  mature  green  tomatoes  were  picked.  One  lot  consisted 
of  specimens  all  of  which  showed  the  mottling  described,  whereas  the 
other  showed  no  apparent  injury.  Those  that  did  not  show  injury 
were  usually  found  nearest  the  ground  or  in  more  or  less  sheltered 
positions  on  the  plant  that  the  frost  had  not  reached. 

6  The  mottled  and  netted  condition  described,  has  apparently  been  previously  noted  in  other  tomatoes 
grown  under  different  conditions,  including  greenhouse-grown  tomatoes.  This  may  possibly  be  a  condi- 
tion brought  about  by  an  unbalanced  physiological  environment  and  not  necessarily  connected  alone  with 
frost  injury. 
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Since  the  tomato  plants  were  not  staked  or  supported  but  were 
allowed  to  lie  on  the  ground,  which  was  mulched  with  straw,  there 
should  have  been  no  difference  between  the  frosted  and  the  unfrosted 
tomatoes  with  reference  to  their  relative  locations  on  the  vines.  The 
two  lots  were  ripened  at  60°  F.,  as  in  the  foregoing  experiment.  The 
results  are  shown  in  Table  26.  On  the  last  inspection,  after  43  days 
in  the  ripening  room,  92  per  cent  of  the  fruits  showing  no  frost  injury- 
ripened,  while  73  per  cent  of  those  actually  showing  frost  injury 
ripened  and  were  of  good  color  and  quality,  with,  however,  a  trace  of 
the  netting  still  apparent  after  ripening. 

Table  26. — Comparative  rate  of  ripening  of  lots  of  mature  green  tomatoes  showing 
frost  injury  and  those  showing  no  apparent  injury,  both  picked  two  days  after  a 
heavy  field  frost  occurring  October  26-27,  1928,  as  determined  by  successive  inspec- 
tions in  a  60°  F.  ripening  room 


Condition  and   pe- 

Percentage  in  each  stage  of 
maturity  when  inspected 

Condition   and   pe- 
riod   in    ripening 
room 

Percentage  in  each  stage  of 
maturity  when  inspected 

room 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

Ripe 

Turn- 
ing 

Green 

De- 
cayed 

Lot  not  showing  frost 
injury: 
19  days 

Per 
cent 
0 
20 
37 
55 
80 
92 

Per 
cent 
15 
15 
18 
8 
0 
0 

Per 
cent 
83 
60 
40 
30 
12 
0 

Per 
cent 
2 

5 
5 
7 
8 
8 

Lot   showing    frost 
injury: 
19  days 

Per 

cent 

0 

5 

17 

22 

60 

73 

Per 

cent 

7 

10 

10 

25 

10 

2 

Per 

cent 
78 
60 
48 
28 
5 
0 

Per 
cent 
15 

25  davs 

25  days. 

25 

29  days 

29  days 

25 

32  days 

32  days 

25 

38  days 

38  days 

25 

43  days 

43  days 

25 

RIPENING  OF  SHIPPED  TOMATOES 

After  the  preparation  of  the  results  already  given,  it  was  decided 
to  carry  on  ripening  tests  following  low-temperature  exposure  with 
tomatoes  shipped  from  the  South,  in  order  to  compare  the  results 
with  those  already  obtained.  Therefore,  on  April  17,  1930,  a  lot  of 
newly  arrived  tomatoes  of  the  Marglobe  variety  from  near  Miami, 
Fla.,  was  purchased  on  the  market  in  Washington,  D.  C.  These 
were  packed  in  the  ordinary  6-basket  carriers  and  arrived  mostly  in 
the  mature  green  stage,  only  a  few  having  ripened  or  nearly  ripened. 
They  were  unwrapped  and  sorted  into  unit  4-quart  basket  lots  of 
mature  green  and  turning  specimens,  the  latter  including  those  that 
had  from  a  trace  of  pink  to  less  than  one-half  of  their  areas  colored. 
Duplicate  basket  lots  of  mature  green  tomatoes  were  put  in  storage  at 
32°,  36°,  40°,  50°,  60°,  and  70°  F.,  to  determine  the  rate  of  ripening  at 
these  temperatures;  additional  lots  were  put  at  32°,  36°,  40°,  and  50°, 
and  basket  lots  were  periodically  transferred  to  60°  to  ripen.  Prac- 
tically the  same  procedure  was  followed  with  turning  tomatoes, 
except  that  since  the  supply  of  these  was  limited  they  were  left  to 
ripen  only  at  40°,  50°,  and  60°  and  other  lots  were  periodically  trans- 
ferred from  32°,  36°,  and  40°  to  the  60°  ripening  room. 

The  results  from  this  test  in  general  were  much  the  same  as  those 
obtained  with  tomatoes  grown  at  the  Arhngton  Experiment  Farm, 
These  tomatoes  ripened  much  more  rapidly,  since  they  had  been 
picked  six  to  eight  days  before  arriving  at  the  laboratory.  The 
mature  green  tomatoes,  as  shown  in  Table  27,  did  not  ripen  during  the 
test  at  either  32°,  36°,  or  40°.     Although  no  decay  developed  at  these 
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temperatures,  the  fruits  became  soft  and  pale  yellow-green  in  color 
and  somewhat  shriveled.  At  50°,  although  most  of  the  fruits  ripened, 
the  color  that  developed  was  somewhat  pale  and  blotched.  At  60° 
and  70°  the  color  development  and  quality  were  very  satisfactory. 
Of  the  tomatoes  in  the  turning  stage  left  to  ripen  at  40°,  nearly  all 
were  classed  as  ripe,  but  they  were  soft  and  their  color  pale  and 
quality  poor.  At  50°  all  ripened  (Table  27),  but  the  color  was 
slightly  pale.  At  60°  ripening  was,  as  usual,  normal,  and  the 
quality  good;  at  40°  and  50°  the  color  was  pale  and  the  quality  fair  to 
good. 

The  turning  tomatoes,  exposed  to  temperatures  of  32°,  36°,  and 
40°  for  increasing  periods  of  time,  as  shown  in  Table  28,  all 
eventually  ripened  after  exposures  of  up  to  11  days.  After  8  days' 
exposure  those  from  32^  and  36°  storage  developed  a  color  that  could 
not  be  classed  as  normal,  since  it  was  somewhat  pale  and  yellowish, 
and  the  flavor  was  poor,  being  rather  acid  and  lacking  sweetness.  In 
those  from  40°  storage,  after  exposure  of  11  days,  the  color  that  devel- 
oped was  pale  and  yellowish,  and  the  quality  was  considered  as  only 
fair. 

Table  27. — Progressive  ripening  and  decay  of  mature  green  anr'  turning  Florida 
Marglohe  tomatoes  stored  at  Washington,  D.  C,  at  various  temperatures,  as  deter- 
mined by  successive  inspections 


[The  general  quality  of  the  tomatoes  ripened  at  60°  and  70°  F.  was  good;  the  quality  of  those 

temperatures  was  fair  to  poor] 

ripened  at  lower 

Condition  when  stored  and 

Condition  when 
inspected 

Percentage  ripe  or  decayed  at  each  storage 
temperature  (°F.) 

period  of  storage 

32°  1 

36°  1 

40°  2 

50°  2 

60°  3 

70°  3 

/Ripe 

0 
0 
0 
0 
0 
0 
.0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

50 
70 

2 
0 
8 
2 

12 
2 

22 
2 

48 
2 

68 
2 

80 

'S 

90 

30 

0 
75 

0 
85 

0 
93 

0 
93 

0 
95 

0 
97 

0 

100 
0 

4  days 

\Decayed     .  _  .      _    .  . 

5 

[Ripe 

80 

6  days 

[Decayed    . 

7 

/Ripe 

87 

8  days 

\Decayed      .  .-         -_  - 

7 

/Ripe 

93 

11  days 

\Decayed     . .-.  .  . 

7 

/Ripe 

13  days            _  .  .  .. 

Decayed 

Ripe.. 

Decayed 

Ripe  -_      . 

18  days 

Decayed 

Turning: 

/Ripe 

Decayed.  

Ripe           

6  days 

Decayed 

0 

100 

0 

Ripe 

f-      _ 

8  days 

Decayed 

I 

1  Fruits  became  soft  and  pale  yellow;  quality  fair  to  poor. 

2  In  the  mature  green  group  those  that  ripened  were  somewhat  pale  and  mottled  in  color,  with  rather  poor 
quality;  in  the  turning  group  those  that  ripened  were  also  somewhat  pale  in  color,  but  with  fair  to  good 
quality. 

3  Color  and  quality  of  ripe  tomatoes  good. 
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Table  28.- — Progressive  ripening  and  decay  of  turning  Florida  Marglobe  tomatoes 
after  varying  preliminary  periods  of  storage  at  Washington,  D.  C.,  at  various 
temperatures,   as  determined  by  successive  inspections  in  a  60°  F.  ripening  room 


Period  in 
ripening 

Condition 

when 
inspected 

Percentage  ripe  or  decayed  after  period  in  ripening  room  following  preliminary 
storage  for  periods  and  at  temperatures  shown 

room  at 
60°  F. 
after  pre- 
liminary 
storage 

4  days ' 

6  days  2 

8  days  3 

11  days  ^ 

13  days  s 

15  days  < 

32° 

36° 

40° 

32° 

36° 

40° 

32° 

36° 

40° 

32° 

«36° 

740° 

32° 

36° 

40° 

32° 

36° 

40° 

/Ripe 

\  Decayed 

/Ripe 

\  Decayed..- 

/Ripe 

1  Decayed 

/Ripe 

0 
0 
70 
10 
90 
10 

0 
0 
50 
10 
90 
10 

20 
0 
50 
10 
70 
10 
90 
10 

20 
0 

70 

0 

100 

0 

80 
20 

20 
0 
80 
20 

20 
20 
50 
30 
70 
30 

10 
10 
80 
10 
90 
10 

50 

0 

90 

10 

30 

0 
60 

0 
90 

0 
100 

0 

20 

0 

100 

0 

50 
20 
80 
20 

.... 

60 

0 

100 

0 

70 
0 

90 

0 

100 

0 

60 

Oday 

n 

60 

2  days 

40 

4  days 

7  days 

\  Decayed 

1  Color  and  quality  good. 

2  Color  good. 

3  Color  fair  to  good,  quality  poor, 
<  Color  pale,  quality  poor. 


5  Color  fair. 

*  Color  fair,  quality  poor. 

7  Color  good,  quality  fair. 


Mature  green  tomatoes  that  were  held  for  increasing  lengths  of  time 
at  32°  to  50°  and  then  ripened  at  60°,  as  shown  in  Table  29,  ripened 
satisfactorily  after  exposures  up  to  and  including  six  days.  When 
held  for  eight  days,  most  of  those  from  32°  and  36°  storage  ripened, 
but  the  color  was  only  fair  and  not  altogether  satisfactory,  while  the 
quality  was  poor.  Exposure  to  32°,  36°,  and  40°  for  1 1  days  prevented 
most  of  the  fruits  from  ripening,  and  considerable  decay  developed  in 
the  ripening  room.  After  longer  exposures  little  or  no  ripening  oc- 
curred. In  50°  storage  some  ripening  began  to  develop  in  the  basket 
units  before  they  were  transferred  to  the  60°  ripening  room. 

Most  of  the  decay  that  developed  in  these  storage  experiments 
originated  around  the  stem  end  in  areas  of  mechanical  injury,  appar- 
ently caused  by  too  tight  packing  in  the  crate.  This  condition  was 
noted  on  many  of  the  tomatoes  when  removed  from  the  crates.  They 
were  marked  by  rough,  shriveled  areas  where  they  had  chafed  to- 
gether during  transit.  Figure  5  shows  two  ripened  tomatoes  with  the 
injury  and  resultant  decay  described. 
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Exposure  of  mature  green  tomatoes  at  temperatures  of  40°  F.  or 
below  did  not  necessarily  prevent  subsequent  ripening.  Tomatoes 
ripened  normally  when  exposed  for  18  to  21  hours  to  temperatures  as 


Figure  5. — Florida  tomatoes  ripened  after  receipt  at  Washington, 
D.  C,  showing  injury  caused  by  tight  packing 

low  as  25°,  which  is  almost  5.5  below  their  average  freezing  point,  if 
subsequently  stored  at  a  favorable  temperature.  When  stored  at  32° 
and  36°  for  periods  up  to  five  to  eight  days,  tomatoes  later  ripened  to 
practically  normal  color  and  flavor,  but  the  rate  of  ripening  was 
slower  than  in  fruits  not  so  exposed.  The  ripening  of  tomatoes 
stored  at  40°  for  11  to  15  days  was  delayed  but  took  place  normally. 
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If  stored  at  50°  for  less  than  14  to  18  days,  the  tomatoes  ripened 
normally  when  placed  in  a  favorable  temperature. 

Chilling  storage  did  not  slow  up  or  prevent  ripening  in  fully  mature 
green  tomatoes  so  noticeably  as  in  less  mature  ones. 

When  stored  at  50°  F.,  tomatoes  in  the  turning  stage  or  beginning 
to  show  color  when  picked  usualJy  ripened  almost  normally.  At  40° 
storage  usually  no  ripening  developed  in  tomatoes  of  any  stage  of 
immaturity. 

The  lowest  temperature  at  which  fall  ripening  with  good  color  and 
flavor  developed  was  55°.  At  this  temperature  the  rate  of  ripening 
was  comparatively  slow,  but  the  development  of  normal  decay  was 
also  slow.  No  indications  of  abnormal  decay  or  breakdown  were 
apparent.  This  temperature  is  recommended  for  either  storage  or 
delayed-ripening  purposes. 

At  60°  to  70°  the  rate  of  ripening  was  considerably  increased.  These 
temperatures  are  recommended  for  ripening  but  not  for  storage.  For 
rapid  ripening  a  temperature  much  higher  than  70°  is  not  desirable 
because  of  the  rapid  rate  of  decay. 

Firm,  fully  ripe  tomatoes  held  up  most  satisfactorily  at  55°  storage. 
Ripe  tomatoes  may  be  expected  to  keep  in  good  condition  at  tempera- 
tures as  low  as  32°  for  from  8  to  10  days,  but  when  removed  to  a 
higher  temperature,  as  would  be  necessary  in  getting  commercial  lots 
to  the  consumer,  they  soon  break  down. 

Tests  on  a  commercial  lot  of  mature  green  tomatoes  shipped  from 
Florida  and  stored  and  ripened  under  conditions  similar  to  those  for 
the  tomatoes  grown  at  the  Arlington  Experiment  Farm  showed  similar 
results. 

Mature  green  tomatoes  picked  the  evening  before  the  first  field 
frost  ripened  in  storage  more  rapidly  and  developed  less  decay  than 
those  picked  the  morning  following  the  frost. 
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PURPOSE  AND  SCOPE  OF  THE  INVESTIGATION 

There  are  probably  18,000,000  acres  in  the  United  States  embraced 
in  drainage  districts  using  tile  wholly  or  in  part.  These  public  tile 
drains  have  an  estimated  length  of  about  50,000  miles  and  cost  perhaps 
more  than  $100,000,000.  The  census  of  1920  showed  177  counties 
in  seven  North  Central  States  to  have  drains  of  30-inch  and  larger  tile. 

The  use  of  large  tile  for  land  drainage  increased  greatly  from  1910 
to  1920,  especially  in  Iowa  and  Minnesota  where  land  values  increased 
most  rapidly.  Tile  drains  have  some  evident  advantages,  but  in  large 
sizes  cost  very  much  more  to  construct  than  open  ditches  of  equal 
capacity.  The  economy  of  using  them  has  been  questionable  in  many 
instances. 

To  study  the  economy  of  using  large  draintile,  drainage  records, 
were  examined  in  31  counties  in  Minnesota,  Iowa,  Wisconsin,  Illinois^ 
Indiana,  Michigan,  and  Ohio,  and  county  and  drainage  district  offi- 
cials, landowners,  and  drainage  engineers  were  interviewed  in  these 
and  other  counties.  In  the  four  States  first  named,  figures  were 
obtained  useful  in  comparing  the  entire  cost — installation  and  main- 
tenance— for  tile  drains  and  open  ditches.  The  greater  portion,  of 
the  data  presented  herein  were  obtained  in  Iowa. 
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REASONS  FOR  USING  LARGE  TILE 

Landowners  have  assumed  the  burden  of  the  extra  cost  of  using 
tile  m  order  to  avoid  having  unsightly  ditches  and  waste  banks  across 
their  farms,  to  prevent  division  of  their  fields  and  interference  with 
farming  operations,  and  to  be  free  of  periodical  expense  for  cleaning 
or  redigging  the  drains.  Doubtless  in  many  cases  landowners  have 
been  influenced  to  assume  this  burden  by  the  belief  that  the  dam- 
ages they  would  receive  from  the  district  for  the  construction  of  an 
open  ditch  across  their  lands  would  be  less  than  the  actual  loss  result- 
ing to  them  from  such  construction. 

COSTS  OF  INSTALLATION  AND  MAINTENANCE 

^  The  total  cost  of  drainage  for  a  district  comprises  (1)  the  installa- 
tion cost,  including  organization  and  administration  as  well  as 
materials  and  labor;  and  (2)  the  maintenance  cost,  including  expenses 
for  administration  as  well  as  those  for  actual  repair  of  the  drains. 
Interest  on  bonds  or  other  indebtedness  is  not  part  of  the  cost  of 
drainage.  The  installation  cost  is  a  capital  investment;  the  main- 
tenance cost  is  an  annual  charge.  The  equivalent  investment  for 
the  maintenance  cost  has  been  computed  for  combining  with  the 
installation  cost,  though  reduction  of  the  installation  cost  to  a  per- 
petual annual  charge  would  give  the  same  results  in  comparing  the 
two  kinds  of  drains.  The  interest  rate  used  in  the  computations 
herein  is  Qji  per  cent  per  year. 

DRAINAGE  WITH  TILE 

IFor  106  drainage  districts  comprising  87  in  Iowa,  13  in  Minne- 
sota, and  6  in  Wisconsin  and  Illinois,  data  as  to  period  of  construc- 
tion, length  and  sizes  of  tile  drains,  installation  cost,  and  maintenance 
^expenditures  were  obtained  as  shown  in  Table  1.  The  districts  have 
<?onstructed  about  570  miles  of  tile  drains  5  to  40  inches  in  diameter 
at  a  total  installation  cost  of  about  $1,863,000.  The  average  costs 
of  these  districts  have  ranged  from  $1,066  to  $10,813  per  mile  of 
drain.  During  periods  of  3  to  15  years,  averaging  7  years,  the  dis- 
tricts have  expended  some  $60,000  for  maintenance,  the  average 
annual  expenses  ranging  from  nothing  to  $193  per  mile,  and  from  0 
to  6.3  per  cent  of  the  installation  costs. 

For  all  these  districts,  the  average  annual  expenditure  (not  includ- 
ing interest  on  indebtedness)  has  been  about  0.67  per  cent  of  the 
installation  cost.  This  is  about  equivalent  to  an  increase  of  10  per 
cent  in  the  installation  cost  if  the  interest  rate  on  loans  is  6%  per 
cent. 

DRAINAGE  WITH  OPEN  DITCHES 

For  18  drainage  districts  in  the  four  States  previously  named, 
similar  data  were  obtained  concerning  installation  costs  and  main- 
tenance expenditures  for  open  ditches  as  shown  in  Table  2.  These 
districts  have  constructed  about  190  miles  of  ditches  ranging  from  3 
to  26  feet  in  bottom  width  at  a  total  installation  cost  of  $409,000. 
The  average  costs  of  the  districts  have  ranged  from  $549  to  $4,784 
per  mile  of  ditch.  The  average  annual  maintenance  expenses,  for 
periods  of  5  to  35  years,  ranged  from  $2  to  $508  per  mile,  and  from 
0.16  per  cent  to  13.10  per  cent  of  the  installation  cost. 
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For  all  these  districts,  the  average  annual  expenditure  has  been 
about  3.7  per  cent  of  the  installation  costs,  and  for  those  in  Iowa 
about  5.8  per  cent.  If  the  average  annual  expense  of  maintaining 
open  ditches  in  fairly  effective  condition  is  5  per  cent  of  the  installa- 
tion cost,  this  is  about  equivalent  to  an  increase  of  75  per  cent  in  that 
cost  if  loans  bear  interest  at  Q^i  per  cent. 

COMPARATIVE  COSTS  OF  TILE  AND  OPEN-DITCH  DRAINAGE 

SIZE  OF  DRAINS 

Computations  were  made  to  determine  the  sizes  of  open  ditches 
having  capacities  comparable  to  those  of  tile  drains  of  24  to  48 
inches  diameter.  Flow  in  open  ditches  was  computed  with  the  Chezy- 
Kutter  formula,  using  a  roughness  coefficient  value  of  0.040  which 
corresponds  with  the  recommendations  of  Ramser.^  Flow  in  tile 
drains  was  computed  with  the  Yarnell  formula,  F=  138  i^^  S^,  which 
gives  results  practically  the  same  as  given  by  the  Chezy-Kutter 
formula  with  n  =  0.011,  for  these  tile  sizes.  It  was  thus  determined 
that  the  tile  drains  have  no  greater  capacity  than  ditches  of  1  to  1 
side  slopes  with  bottom  width  and  depth  of  flow  equal  to  the  diam- 
eter of  the  tile. 

BASES  OF  ESTIMATING  FOR  COMPARISON 

The  prices  paid  for  draintile  have  varied  widely,  both  with  time 
and  with  location.  They  fluctuate  according  to  supply  and  demand, 
and  are  considerably  affected  by  the  amount  of  competitive  bidding 
for  the  contracts.  The  costs  of  labor  for  installing  the  tile  and  of 
excavation  for  open  ditches  vary  likewise  but  not  necessarily  in  the 
same  direction  as  the  prices  for  tile.  In  estimating  the  installation 
cost  of  drains  for  making  the  comparisons  in  the  following  pages, 
prices  have  been  assumed  for  the  purchase  of  tile  as  shown  in  Table 
3 ;  for  the  labor  of  digging  the  trenches,  laying  the  tile,  and  back  fill- 
ing as  in  Table  4;  for  excavating  open  ditches,  12  cents  per  cubic 
yard;  and  for  damages  $100  per  acre  for  the  land  taken  for  right  of 
way.  Tables  3  and  4  represent  about  average  prices  in  1922  to  1925, 
as  determined  from  a  considerable  number  of  contracts  let  in  Iowa 
during  that  period. 

Table  3. — Prices  for  draintile  delivered  on  site  of  work  " 


Tile 

Cost  per 

Tile 

Cost  per 
1, 000  feet 

Tile 

Cost  per 
1,000  feet 

diameter 

1, 000  feet 

diameter 

diameter 

Inches 

Dollars 

Inches 

Dollars 

Inches 

Dollars 

15 

295 

27 

l.OGO 

39 

2,285 

18 

440 

30 

1,310 

42 

2,700 

21 

620 

33 

1,590 

45 

3,175 

24 

830 

36 

1,900 

48 

3,700 

« Based  on  contracts  let  in  Iowa  in  1922-1925. 
iRamser,   C.  E.    flow  of  water  in  drainage  channels.    The  results  of  experiments  to 

DETERMINE  THE  ROUGHNESS  COEFFICIENT  «  IN   KUTTER'S  FORMULA.      U.   S.   Dept.   Agr.  Tcch.   Bul.   129, 

102  p  ,  illus.  1929. 
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Tabx,e  4.— Prices  for  trenching,  laying  tile,  and  back  filling  ^  per  1,000  feet  of  drain 


Depth  of  trench 

Cost  for  size  of  tile  (inside  diameter, 

in  inches)  indicated 

15 

18 

21 

24 

27 

30 

33 

36 

39. 

42 

46 

48 

3  feet ._.- 

Dolls. 
85 
100 
135 
180 
240 
310 
385 
470 
560 
665 
775 
890 

1,000 

Dolls. 
110 
125 
165 
210 
275 
355 
440 
630 
630 
740 
855 
980 

1,100 

Dolls. 
125 
155 
195 
240 
315 
400 
495 
590 
695 
815 
935 
1,070 
1,200 

Dolls. 

Dolls. 

DolU. 

Dolls. 

Dolls. 

DolUs. 

Dolls. 

Dolls. 

Dolls. 

4  feet 

176 

220 

270 

350 

440 

540 

645 

760 

880 

1,010 

1,150 

1.300 

200 

246 

300 

390 

485 

590 

700 

820 

955 

1,080 

1,225 

1,375 

" 

5  feet 

265 

330 

420 

525 

636 

750 

876 

1,010 

1,150 

.1,  290 

1,450 

290 

360 

456 

665 

675 

800 

930 

1,070 

1,210 

1,350 

1,500 

315 

390 

490 

600 

720 

850 

980 

1,130 

1,270 

1,420 

1,575 

340 

410 

520 

640 

765 

900 

1,035 

1, 175 

1,325 

1,480 

1,650 

"lio" 

550 

675 

805 

945 

1,080 

1,230 

1,380 

1,540 

1,700 

'Ill' 
585 
715 
850 
990 

6  feet 

7  feet 

490 
620 

8  feet 

9  feet 

755 
890 

10  feet 

1  (vxn 

11  feet 

1  130  1  1  180 

12  feet 

1, 280     1  -'?4n 

13  feet 

1,440 
1.600 
1,750 

1,500 
1,660 
1.800 

14  feet 

15  feet 

1  Based  on  contracts  let  in  Iowa  in  1922-1925. 

The  installation  cost  of  a  drainage  district  constructing  only  tile 
drains  includes,  besides  the  principal  items  for  purchase  of  tile  and 
labor  of  installation  covered  by  Tables  3  and  4,  an  appreciable  expense 
for  organization,  administration,  and  engineering.  The  amount  of 
these  incidental  expenses  was  determined  for  a  considerable  number 
of  the  drainage  districts  shown  in  Table  1  and  were  found  to  consti- 
tute from  5  to  25  per  cent  of  the  cost  of  tile  and  labor;  for  most  of  the 
districts  in  Iowa,  the  incidental  expenses  were  less  than  10  per  cent. 
They  have  been  computed  as  8  per  cent  in  making  the  comparisons 
that  follow. 

Practice  as  to  the  minimum  size  of  open  ditch  to  be  constructed 
varies  with  local  physical  conditions  and  with  the  judgment  of  the 
designing  engineer.  Bottom  widths  are  probably  never  designed  less 
than  4  feet,  commonly  not  less  than  6  feet,  and  for  some  situations 
not  less  than  8  feet.  Side  slopes  usually  are  specified  to  be  1,  \)i,  \)i 
horizontal  to  1  vertical.  Minimum  depths  for  construction  are  sel- 
dom assumed  less  than  .6  feet,  often  not  less  than  8  feet.  Further, 
ditches  to  be  used  as  outlets  for  tile  drains  are  generally  designed  to 
be  2  to  3  feet  deeper  than  the  bottom  of  the  tile.  For  making  the 
comparisons  of  cost,  therefore,  each  size  of  tile  has  been  compared 
with  a  ditch  of  6  feet  bottom  width,  3  feet  deeper  than  the  tile,  having 
side  slopes  of  1}^  to  1.  For  tile  depths  of  7  feet  and  less  comparison 
is  shown  also  with  ditches  of  4  feet  bottom  width,  2  feet  deeper  than 
the  tile,  having  1}^  to  1  side  slopes. 

The  principal  items  in  the  installation  cost  of  a  district  constructing 
only  open  ditches  are  the  excavation  of  the  ditches  and  damages 
allowed  owners  for  land  occupied  by  the  ditches  and  waste  banks. 
Right  of  way  has  been  computed  herein  as  5  per  cent  greater  than 
required  for  piling  one-half  the  excavated  material  on  each  side  of  the 
ditch,  leaving  clear  berms  of  8  feet — but  not  less  than  half  the  depth 
of  the  ditch — between  the  waste  banks  and  the  edges  of  the  ditch 
and  giving  the  waste  banks  side  slopes  of  1  to  1.  Damages  have 
been  computed  as  the  equivalent  of  purchasing  this  right  of  way  at 
$100  per  acre.  The  incidental  costs,  comprising  all  expenses  for 
installation  except  excavation  and  damages,  have  been  estimated  at 
15  per  cent  of  those  two  items. 
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CAPITALIZED  TOTAt  COSTS 


The  capitalized  total  costs  of  the  tile  drains  and  of  the  open  ditches 
have  been  computed  by  adding  to  the  installation  costs,  estimated  as 
above  described,  the  equivalent  investments  for  maintenance  (p.  2) 
amounting  to  10  per  cent  and  75  per  cent,  respectively,  of  the  instal- 
lation costs.  The  capitalized  total  cost  of  a  tile  drain  is  thus  com- 
puted-as  1.188  times  the  cost  of  tile  plus  labor  for  trenching,  laying, 
and  back  filling,  while  the  capitalized  total  cost  of  an  open  ditch  is 
computed  as  2.0125  times  the  cost  of  excavation  plus  damages.  *  Tables 
5  and  6  show  these  total  capitalized  costs,  per  1,000  feet  for  drains 
of  15-inch  to  48-inch  tile  at  3  to  15  feet  deep  and  for  the  open  ditches 
that  might  be  substituted  in  a  drainage  system. 


Table  5.- 


-Capitalized  total  cost  of  tile  drains,  including  maintenance,  per  1,000 
feet  length 


Depth  of 

Cost  for  size  of  tile  (inside  diameter,  in  inches)  indicated 

trench 

15 

18 

21 

24 

27 

30 

33 

36 

39 

42 

45 

48 

3  feet.. 

Dolls. 
462 
470 
511 
565 
636 
719 
808 
909 
1.140 
1,539 

Dolls. 

653 

671 

719 

772 

849 

944 

1,045 

1,152 

1,402 

1,830 

Dolls. 

885 

921 

968 

1,022 

1,111 

1,212 

1,325 

1,437 

1,705 

2,162 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

Dolls. 

DoUs. 

Dolls. 

Dolls. 

Dolls. 

4  feet 

1,194 
1,247 
1,307 
1,402 
1,509 
1,628 
1,752 
2,031 
2,530 

1,497 
1,650 
1,616 
1,723 
1,835 
1,960 
2,091 
2,394 
2,893 

6  feet- 

1,871 
1,948 
2,055 
2,180 
2,311 
2,447 
2,756 
3,279 

2,233 
2,317 
2,429 
2,560 
2,691 
2,839 
3,160 
3,671 

2,631 
2,721 
2,839 
2,970 
3,113 
3,267 
3,600 
4,128 

3,118 
3,202 
3,332 
3,475 
3,623 
3,784 
4,110 
4,675 

6  feet 

3,730 
3,861 
4,010 
4,164 
4,330 
4,669 
5,227 

4,324 
4,467 

4,978 

7  feet . 

8  feet 

4,621  1  5!  292 
4,782     5,463 
4,948     5,619 
5, 293     6, 988 

9  feet 

10  feet 

12  feet 

16  feet 

5, 851  1  fi  sa* 

Table  6. — Capitalized  total  cost  of  open  ditches,  including  maintenance,  per 

1,000  feet  length 


4-FOOT  BOTTOM  WIDTH;  i  SIDE  SLOPES  IH  TO  1 


Depth  of  cut 

Excavation 

Right-of- 
way  width 

Cost 

Depth  of  cut 

Excavation 

Right-of- 
way  width 

Cost 

6  feet 

Cubic  yards 
2,130 
2,890 
3,780 

Feet 
59 
66 
73 

Dollars 

789 

1,004 

1,246 

8  feet 

Cubic  yards 
4,740 
5,830 

Feet 
80 
87 

Dollars 
1,515 
1,811 

6  feet. 

9  feet. 

7  feet 

6-FOOT  BOTTOM  WIDTH;  SIDE  SLOPES  1^  TO  1 


Depth  of  cut 

Excavation 

Right-of- 
way  width 

Cost 

Depth  of  cut 

Excavation 

Right-of- 
way  width 

Cost 

6  feet. 

Cubic  yards 

Feet 

Dollars 

12  feet. 

Cubic  yards 
10. 670 
12,280 
14,000 
15.840 
17, 780 
19,840 
22,000 

Feet 
111 
119 
125 
132 
139 
146 
154 

Dollars 
3,089 

6  feet 

3,340 
4,280 
5,340 
6,600 
7,780 
9,170 

70 
77 
85 
91 
98 
105 

1,131 
1,391 
1,673 
1,990 
2,332 
2,699 

13  feet 

3,512 
3  959 

7  feet 

14  feet 

8  feet 

15  feet 

4.436 
4,939 

9  feet 

16  feet.. . 

10  feet . 

17  feet. 

5,468 
6,025 

11  feet 

18  feet 

1  The  Department  of  Agriculture  does  not  favor  the  use  of  4-foot  bottom  ditches  more  than  about  8 
feet  deep. 
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Comparison  of  these  costs  is  shown  graphically  in  Figure  1. 

The  intersections  of  the  curves  mark  the  depths  where  either  tile 
or  open  ditch  may  be  used  with  equal  economy,  if  the  costs  are  as 
indicated  on  page  11.  The  figure  shows  24-inch  tile  as  becoming 
economical  at  a  depth  of  about  5  feet  as  compared  with  the  ditch  of 
4-foot  bottom  2  feet  deeper  than  the  tile,  and  at  all  practicable 
depths  when  compared  with  the  6-foot  ditch.     The  36-inch  tile 


1000 


Capitalized  total  cost  in  dollars  per  1000  feet 
2000  3000  4000  5000 


6000 


7000 


Ditch  maintenance  at  75%.....-— 
Ditch  maintenance   at  100% — 


Figure  1.— Capitalized  total  cost  of  tile  drains  (Table  5)  compared  with  capitalized  total  cost 
of  open  ditches  of  4-foot  bottom  width  2  feet  deeper  than  the  tile,  and  of  6-foot  bottom  width  3  feet 
deeper  than  the  tile  (Table  6) 

would  be  economical  at  about  9  feet.  At  the  costs  stated  in  Tables 
5  and  6,  48-inch  tile  would  not  be  economical  at  less  than  16  feet,  at 
which  depth  stronger  and  more  costly  tile  or  expensive  cradling 
doubtless  would  be  required  to  prevent  crushing  of  the  drain  by  the 
weight  of  the  back  fill. 

EFFECT  OF  VARIATIONS  IN  PRICES 

The  comparisons  in  Figure  1  should  be  recognized  as  illustrative, 
rather  than  as  final  determinations  of  the  depths  at  which  tile  of 
various  sizes  become  economical.  Prices  of  materials  and  labor 
vary,  as  before  stated;  land  values  and  other  local  conditions  aflFect 


Capitalized  total  cost  of  tile  drains  and  ditches  in  dollars  per  1000  feet 


1000 


1000 


1000 


2000     1000 


2000 


2000 


30- 


a 


Nd 


^ 


r^s 


Figure  2.— Effect  upon  capitalized  total  costs  of  tile  drains  of  18  to  30  inches  diameter,  and  of 
open  ditches  of  4-foot  bottom  2  feet  deeper  than  the  tile,  of  certain  variations  in  prices  from 
those  used  in  Tables  6  and  6:  a,  Cost  as  per  Table  5;  6,  labor  prices  increased  50  per  cent;  c,  tile 
prices  increased  25  per  cent;  d,  both  labor  and  tile  prices  increased,  as  above  stated;  p.  cost  as 
per  Table  6;  q,  damages  increased  50  per  cent:  r,  excavation  price  increased  25  per  cent;  s,  both 
damages  and  excavation  prices  increased,  as  above  stated;  t,  damages  decreased  50  per  cent 

the  amount  of  damages  paid  for  land  occupied  by  an  open  ditch; 
and  many  circumstances  influence  the  total  of  incidental  expenses  in 
the  installation  cost  of  a  drain.  The  computations  of  equivalent 
investment  for  maintenance  are  based  upon  a  relatively  small 
amount  of  data  that  vary  greatly,  and  opinions  differ  as  to  whether 
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adequate,  regular  maintenance  would  cost  less  or  more  than  the 
average  that  has  been  expended.  The  effect  of  capitalizing  main- 
tenance of  the  open  ditches  at  100  per  cent  instead  of  75  per  cent  of 
the  installation  cost,  upon  the  comparisons  made  in  the  preceding 
paragraph,  is  indicated  m  Figure  1. 

Capitalized  total  cost  of  tile  drains  and  of  open  ditches  in  dollars  per  1000  ieei 

1000  2000  1000  2000        1000  2000  3000 


1000 


2000 


3000 


4000 


2000 

3000 

4000 

5000 

^ 

^•^ 

^ 

^c. 

\ 

Y 

^ 

'^ 

^ 
^-^ 

^ 

\^ 

V^ 

^»**^ 

SI 

30" 

V 

v^' 

:p 

\ 

\b^ 

.cN 

Figure  3.— Effect  upon  capitalized  total  costs  of  tile  drains  of  18  to  36  inches  diameter,  and  of 
open  ditches  of  6-foot  bottom  3  feet  deeper  than  the  tile,  of  certain  variations  in  prices  from  those 
used  in  Tables  5  and  6:  a,  Cost  as  per  Table  5;  b,  labor  prices  increased  50  per  cent;  c,  tile  prices 
increased  25  per  cent;  d,  both  labor  and  tile  prices  increased,  as  above  stated;  p,  cost  as  per 
Table  6;  q,  damages  increased  50  per  cent;  r,  excavation  price  increased  25  per  cent;  s,  both  damages 
and  excavation  prices  increased,  as  above  stated;  t,  damages  decreased  50  per  cent 

In  order  to  show  the  effect  of  variation  in  prices  of  tile,  tile  labor, 
open-ditch  excavation,  and  damages  for  right  of  way  upon  the  rela- 
tive economy  of  tile  drains  and  open  ditches,  Figures  2,  3,  and  4  have 
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Capitalized  total  cost  of  tile  drains 
and  of  open  ditches   in   dollars    per  1000  feet 
3000  4000  5000  6000  7000 


4000 


5000 


6000 


7000 


800O 


4000 


5000  6000  7000  8000         9000 


Figure  4.— Effect  upon  capitalized  total  costs  of  tile  drains  of  39  to  48 
inches  diameter,  and  of  open  ditches  of  6-foot  bottom  3  feet  deeper  than 
the  tile,  of  certain  variations  in  prices  from  those  used  in  Tables  5  and  6: 
a,  Cost  as  per  Table  5;  b,  labor  prices  increased  60  per  cent;  c,  tile  prices 
increased  25  per  cent;  d,  both  labor  and  tile  prices  increased,  as  above 
stated;  p,  cost  as  per  Table  6;  q,  damages  increased  50  per  cent;  r,  excavation 
price  increased  26  per  cent;  s,  both  damages  and  excavation  prices  increased 
as  above  stated;  t,  damages  decreased  60  per  cent 
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been  prepared.  Each  figure  shows  graphically,  for  different  sizes  of 
tile,  the  effect  upon  the  capitalized  total  cost  of  certain  variations 
from  the  prices  used  in  preparing  Tables  5  and  6.  The  percentages 
for  incidental  installation  costs  and  for  maintenance  have  been  applied 
to  the  increases  in  base  prices. 

Comparison  of  capitalized  total  costs  at  other  prices  than  those 
used  in  the  figures  may  be  made  by  interpolation  between  the  curves. 
An  increase  or  decrease  of  one-half  in  the  estimate  of  incidentals 
would  entail  a  change  in  the  capitalized  total  cost  of  3.7  per  cent  for 
the  tile  drains  or  6.5  per  cent  for  the  open  ditches,  while  an  increase 
or  decrease  of  one-third  in  the  equivalent  investment  for  maintenance 
would  cause  a  change  in  the  capitalized  total  cost  of  3  per  cent  for 
the  tile  drains  or  14.3  per  cent  for  the  open  ditches. 

ECONOMICAL  RELATION  OF  CONSTRUCTION  COSTS 

The  capitalized  total  cost  of  a  drain  may  be  expressed  as 
T=C(H-/)(1  +  M), 
in  which  T=the  capitalized  total  cost; 

0=the  construction  cost — the  cost  of  tile  plus  trenching, 
laying,  and  back  filling,  or  the  cost  of  open  ditch 
excavation  plus  damages;^ 
/=the  incidental  expenses — all  items  for  installation  not 
included  in  the  construction  cost — expressed  as  a  frac- 
tion of  the  construction  cost  (7; 
M=the  equivalent  investment  for  maintenance,  expressed 
as  a  fraction  of  the  total  installation  cost,  C  (1  +  7). 
The  two  types  of  drain  are  of  equal  economy  when  the  capitalized 
total  investments  are  the  same;  that  is,  using  the  single  accent  (') 
for  designating  the  tile  drain  and  the  double  accent  ( ")  for  the  open 
ditch,  they   are   of   equal   economy   when    T'  =  T" y  or 
(7'(1  +  /')(1+M0  =  C"(1  +  7'')(1+M").  ^ 
This  condition  obtains  at  the  intersections  of  the  curves  in  Figures  1, 
2,  3,  and  4. 

Ultimate  economy  would  require  that  tile  be  used  when 

C  ^^(l  +  n(l+M'0 


C7""-\(l  +  /0(l+M0 
and  that  the  open  ditch  be  used  when 

C'--^{\  +  F){l+M") 
C"/->(1  +  /0(1+M') 
Tables  5  and  6  are  computed  with  the  values  7' =  0.08,  M'  =  0.10, 

fir 

7"  =  0.15,M"  =  0.75.     Then  T'  =  T'' when  ^  =  1.69;  that  is,  drainage 

with  tile  is  economical  when  the  construction  cost  (tile  plus  labor)  is 
two-thirds  greater  than  the  construction  cost  (excavation  plus  dam- 
ages) for  an  open  ditch. 

Figure  1  shows  also  a  comparison  of  the  capitalized  total  costs 
using  a  larger  equivalent  investment  for  maintenance  of  the  open 
ditches,  the  values  substituted  in  the  equation  being  7'  =  0 .08,  M'  ==  0 . 1 0, 
7"  =  0.15,  M"  =  1.00. 

*  The  inclusion  of  other  items  such  as  outlet  protection  and  surface  inlets  for  tile  or  bridges  for  open 
ditches,  when  of  considerable  amount,  would  tend  to  make  the  estimate  of  capitalized  total  cost  for  any 
particular  drain  somewhat  more  accurate. 
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c 

Then  T'  =  T"  when  ^=  1.94,  indicating  that  the  tile  is  economical 

even  when  the  construction  cost  is  practically  double  that  for  the 
open  ditch. 

In  the  case  of  any  particular  drainage  district,  various  items  of 
cost  may  vary  considerably  from  those  used  in  the  foregoing  compu- 
tations. It  seems  evident,  however,  that  when  the  construction  cost 
will  be  three-fourths  greater  for  a  tile  drain  than  for  an  open  ditch, 
the  economy  of  the  former  is  doubtful  and  should  at  least  be  studied 
carefully;  and  when  the  tile  will  cost  double  the  other,  the  open 
ditch  almost  certainly  will  be  cheaper  in  the  long  run. 

USE  OF  GRAPHS  AND  FORMULAS 

The  following  example  shows  how  Figures  1,  2,  3,  and  4,  or  the 
formula  on  page  15,  may  be  utilized  in  determining  the  more  eco- 
nomical kind  of  drain  to  use  in  any  particular  instance. 

Let  it  be  assumed  that  the  landowners  in  a  proposed  drainage 
district  wish  to  know,  before  voting  for  construction  of  the  drains, 
just  what  combination  of  tile  and  open  ditches  will  provide  drainage 
for  the  lowest  ultimate  cost.  The  preferred  construction  comprises 
tile  up  to  39  inches  in  diameter.  Soil,  topographic,  and  climatic 
conditions  make  it  advisable  that  open-ditch  drains  be  not  less  than 
6  feet  in  bottom  width,  at  least  3  feet  deeper  than  the  outlets  of 
tile  branches,  and  have  side  slopes  IK  to  1  as  in  Table  6.  For  the 
30-inch  and  larger  tile,  the  average  depths  will  be  about  l)^  feet. 
Let  it  be  assumed  further  that  prices  for  the  larger  sizes  of  tile  aver- 
age about  20  per  cent  more  than  shown  in  Table  3;  that  prices  for 
trenching,  laying  tile,  and  back  filling  are  about  10  per  cent  less  than 
shown  in  Table  4;  that  damages  to  farms  crossed  by  an  open  ditch 
would  be  $125  per  acre  taken  for  right  of  way,  which  is  25  per  cent 
more  than  those  used  in  preparing  Table  6;  and  that  the  other  costs 
are  estimated  at  the  same  rates  used  in  computing  Tables  5  and  6, 
namely,  open-ditch  excavation  at  12  cents  per  cubic  yard,  incidentals 
at  8  per  cent  for  tile  drains  and  15  per  cent  for  open  ditches,  and 
capitalized  maintenance  at  10  per  cent  for  tile  drains  and  75  per  cent 
for  open  ditches. 

Inspection  of  Figure  1  shows  that,  at  the  prices  used  in  comput- 
ing Tables  5  and  6,  33-inch  tile  7K  feet  deep  and  the  corresponding 
6-foot  bottom  open  ditch  are  approximately  equal  in  capitalized 
total  cost.  Therefore  study  is  made  of  the  curves  for  the  33-inch  tile  in 
Figure  3.  (For  minimum  open-ditch  specifications  other  than  used 
herein,  suitable  curves  can  be  plotted.) 

The  distance  between  curves  a  and  c  in  Figure  3  represents  a  vari- 
ation of  25  per  cent  in  prices  for  tile,  and  the  distance  between  curves 
a  and  h  represents  a  variation  of  50  per  cent  in  prices  for  trenching, 
laying,  and  back  filling.  (These  distances  are  to  be  measured  hori- 
zontally along  lines  of  uniform  depth.)  Interpolating  for  20  per  cent 
increase  in  tile  prices  and  10  per  cent  decrease  in  labor  prices  from 
those  used  for  Table  5  and  curve  a  indicates,  for  7)^  feet  depth,  a 
total  capitalized  cost  of  about  $2,800  per  1,000  feet  for  the  33-inch 
tile.  The  distance  between  curves  p  and  g  represents  a  variation  of 
50  per  cent  in  the  cost  of  damages  for  an  open  ditch.  Interpolating 
for  an  increase  of  25  per  cent  in  damages  from  those  used  for  Table 
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6  and  curve  p  indicates  for  lYi  feet  depth  of  tile  trench  a  total  capi- 
talized cost  of  about  $2,650  per  1,000  feet  for  the  corresponding  open 
ditch.  Thus  the  open  ditch  is  shown  as  approximately  $150  per  1,000 
feet  cheaper  than  the  33-inch  tile.  The  difference  in  favor  of  the 
open  ditch  will  increase  with  the  size  of  tile,  at  the  same  depth. 

The  curves  for  30-inch  tile  in  Figure  3  show  that,  for  a  tile  depth 
of  7K  feet,  the  capitalized  total  cost  of  the  open  ditch  would  be 
greater  than  the  cost  of  a  tile  drain  of  that  size,  at  the  prices  used 
herein.  Therefore  30-inch  and  smaller  tile  will  be  more  economical 
than  open  ditches,  for  depths  of  7K  feet  and  more. 

The  same  conclusions  as  to  economical  sizes  of  tile  are  shown  by 
computations  with  the  formula  stated  on  page  15.  For  the  33-inch 
tile  l)i  feet  deep  and  the  6-foot  bottom  ditch  lOK  feet  deep,  the  fol- 
lowing values  are  determined  from  interpolation  in  Tables  5  and  6: 

0'  =  (1,590X1.20) +  (510X0.90)  =2,367 

C"  =  (8,470  X  0.12)  +  (^^1^0  X  125^=  1,306 

(1  +  /'0(1+M'')  =  1.15X1.75  =  2.0125 
(1  +  70(1+^/0  =  1.08X1.10X1.188 

-^-^=1812>^^+-^^^^^^+^^^^  =  1694 

For  30-inch  tile,  at  the  same  depth,  the  comparison  is ; 
C  =  (1,310  X  1.20)  +  (470  X  0.90)  =  1,995 

C'' =  (8,470  X  0.12) +  (^i^i^X  125^  =  1,306 

(7'  _  ,(l  +  7^0(l  +  M-0_.  .Q, 

^-1.528<^^_^^,^(j_^^,^-1.694 

These  results,  like  the  graphs,  indicate  that  the  33-inch  tile  will  be 
more  expensive  and  the  30-inch  tile  more  economical  than  the  open 
ditch. 

Either  of  these  methods  of  determining  the  relative  ultimate  econ- 
omy of  tile  drains  or  open  ditches  is  quicker  and  less  laborious  than 
computation  of  the  actual  capitalized  total  cost  of  various  sizes  of 
drains,  by  the  formula  T=C  (1  +  /)  (1+M)  without  reference  to 
charts  like  Figures  1  to  4. 

REDUCTION    OF    MAINTENANCE    COST 

ADMINISTRATION   EXPENSES 

For  three-fourths  of  the  districts  in  Iowa  and  Minnesota  listed  in 
Tables  1  and  2,  about  9K  per  cent  of  the  total  maintenance  expend- 
itures have  been  for  administration  of  the  districts  and  inspections 
of  the  drains,  and  about  90^  per  cent  for  labor  and  materials  to  clean 
and  repair  the  drains,  both  for  tile  and  for  open  ditches.  The  data 
for  Illinois  and  Wisconsin  districts  seem  to  indicate  that  a  fourth  or 
more  of  the  maintenance  costs  are  for  administration  and  inspections. 
The  legal  fees  for  preparing  and  filing  routine  reports  apparently  are 
much  greater  in  Illinois  and  Wisconsin  than  in  Iowa  and  Minnesota. 
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It  does  not  seem  probable  that  a  material  reduction  can  be  made 
in  the  inspection  and  administration  costs,  unless  by  simplifying  the 
procedure  of  making  and  filing  annual  reports  in  certain  States.  The 
frequency  of  inspecting  the  drains  should  not  be  decreased  but  in  many 
counties  should  be  increased.  Reduction  in  the  annual  costs  may 
best  be  undertaken  in  matters  of  design  and  construction  of  the  drains. 

NATURE  OF  REPAIR  WORK  ON  TILE  DRAINS 

One  of  the  troubles  most  frequently  encountered  in  the  operation 
of  tile  drains  is  ''blow-outs."  These  result  from  internal  pressure 
where  the  lower  part  of  a  drain  can  not  discharge  the  water  brought 
down  by  the  line  or  lines  above.  The  water  forced  out  loosens  the 
overlying  earth,  and  the  return  flow  when  the  flood  crest  has  passed 
displaces  the  tile  and  washes  in  large  quantities  of  earth.  Repair  of 
a  blow-out  ordinarily  consists  of  digging  open  the  drain,  cleaning  the 
undisturbed  portion,  and  reconstructing  the  damaged  section  on  a 
new  bed  that  in  many  cases  must  be  of  concrete. 

In  the  ground  over  tile  drains  holes  occur  not  infrequently,  par- 
ticularly during  the  first  few  years  after  construction.  They  are 
caused  by  surface  water  flowing  down  through  a  loose  back  fill  and 
wide  joints  in  the  drain.  For  a  time  the  flow  through  the  drain  may 
carry  away  the  soil  washed  in,  but  finally  tiles  become  displaced  or 
broken  if  the  injury  is  not  discovered  and  repaired  before  actual 
breakdown  occurs.  In  some  instances  long  lengths  of  drain  have 
had  to  be  relaid  or  abandoned. 

In  a  great  many  districts  repairs  to  the  head  walls  at  tile  outlets 
have  been  required.  Some  head  walls  evidently  have  lacked  strength 
and  stability,  but  many  apparently  substantial  structures  have  been 
broken  or  overturned  due  to  undermining  by  the  discharge  from  the 
drain.  Joints  in  the  tile  line  have  been  opened  by  settlement  of  the 
earth  about  the  head  wall,  so  that  water  flowing  out  of  those  joints 
has  washed  away  the  earth  and  caused  failure  of  the  drain  and  the  wall. 

Surface  inlets  often  are  a  source  of  trouble.  The  weight  of  a  ver- 
tical column  of  tile  upon  the  drain  causes  settlement  of  the  latter. 
Water  entering  the  joints  of  the  upright  pipe  or  flowing  down  outside 
wash  in  earth  to  choke  the  drain  and  allow  displacement  of  the  inlet. 
Earth  and  debris  are  washed  in  when  the  screens  on  the  inlets  are 
broken  or  displaced. 

In  some  instances  deep  drains  have  been  broken  by  the  weight  of 
earth  over  them  in  the  trench;  in  some  locations  tile  of  improper 
quality  have  failed  through  the  action  of  certain  salts  or  acids  in 
the  soil. 

PREVENTING  INJURY  TO  THE  DRAINS 

Injury  to  tile  drains  can  be  reduced  to  a  minimum,  and  a  large 
part  of  repair  charges  such  as  shown  in  Table  1  can  be  avoided  by 
proper  design  and  construction  of  the  drains.  Blow-outs  are  to  be 
avoided  by  giving  each  section  of  the  drain  capacity  equal  to  that 
of  all  the  drains  above,  keeping  the  hydraulic  gradient  everywhere 
well  below  the  ground  surface.  Holes  or  "wash  ins "  over  the  drains 
are  to  be  prevented  by  fitting  the  tile  closely  together;  by  covering 
the  joints  with  tarred  paper,  burlap,  or  other  suitable  material  where 
the  drain  passes  through  fine,  loose  sand ;  and  by  giving  extra  support 
where  necessary,  as  at  junctions  and  through  soft  ground,  to  main- 
tain the  grade  and  alignment.     Head  walls  should  be  of  substantial 
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proportions  and  should  be  built  on  firm  foundations.  They  should 
have  aprons  and  cut-off  walls  to  prevent  undermining,  and  the  re- 
filling material  about  them  should  be  well  compacted  to  hold  the 
drain  in  place  and  to  prevent  percolation  of  water  behind  the  wall. 
Surface  inlets  should  be  adequately  supported  against  settlement, 
and  surrounded  with  compacted  earth.  They  should  be  covered  with 
a  good  screen  fastened  in  place  and  should  be  located  where  there  is 
little  danger  of  injury  from  machinery,  livestock,  or  other  causes. 
Inlets  of  small  sewer  pipe  are  said  to  have  been  damaged  by  the 
lifting  effect  of  frost  under  the  bells.  The  tile  used  for  the  drains 
should  be  strong  enough  and  be  properly  bedded  or  supported  to 
bear  the  loads  that  will  come  upon  them,^  and  of  quality  suited  to 
the  existing  conditions. 

Good  design  must  be  supplemented  by  good  construction  to  insure 
satisfactory  results.  The  contract  for  construction  should  be  clear 
and  definite  and  should  cover  all  contingencies,  including  authoriza- 
tion of  extra  work  and  payment  therefor.  No  ambiguity  should  be 
left  as  to  what  constitutes  fulfillment  of  the  contract.  Continuous 
and  thorough  inspection  is  essential.  The  importance  of  adequate 
inspection  during  installation  of  the  drains  should  be  fully  realized 
by  all  drainage  district  officials,  and  parsimony  in  the  matter  of 
employing  inspectors  is  the  opposite  of  economy.  The  cost  of  a 
"penny  wise  and  pound  foolish"  poHcy  in  this  matter  appears  in  the 
repair  and  replacement  expenses  that  may  continue  over  a  period  of 
several  years. 

Tile  may  be  tested  at  the  factory,  but  each  piece  should  be  inspected 
as  it  is  laid  in  the  trench.  The  width  of  the  trench  below  the 
top  of  the  tile  must  not  exceed  the  determined  maximum,  as  that 
width  rather  than  the  tile  size  determines  the  load  upon  the  drain. 
Close  fitting  of  the  tiles  in  the  drain,  smooth  and  firm  connection  at 
the  junction  of  two  or  more  lines,  covering  of  joints  through  running 
sand,  and  preservation  of  grade  and  alignment  through  unstable  soils 
should  be  obtained  without  exception.  Carelessness  in  back  filling 
the  trenches  must  not  be  permitted,  for  sometimes  tile  have  been 
broken  by  falling  stones  and  frozen  lumps  of  earth,  and  large  sods  or 
lumps  dumped  upon  the  tile  without  being  well  mixed  with  finer 
material  have  many  times  been  the  cause  of  "wash  ins"  requiring 
expensive  repairs.  The  inspector's  work  is  not  completed  until  the 
last  bit  of  refilling  has  been  done  over  the  drain  and  properly  com- 
pacted about  the  outlet  head  walls  and  other  structures. 

ESTIMATING  DAMAGES  CAUSED  BY  OPEN  DITCHES 

In  the  foregoing  comparison  of  costs  of  tile  drains  and  open  ditches 
it  has  necessarily  been  assumed  that  the  damages  allowed  to  the 
owners  of  land  taken  for  right  of  way  or  other  purposes  represent 
the  actual  losses  to  those  owners.  In  the  opinion  of  many  drainage 
district  officials,  however,  the  damages  awarded  have  not  been  ade- 
quate. Therefore  it  seems  appropriate  to  discuss  briefly  the  subject 
of  estimating  these  damages,  although  presentation  of  a  formula  for 
computing  them  is  not  attempted. 

'  The  strength  requirements  and  methods  of  testing  of  drain  tile  were  published  in  the  following: 
American  Society  for  Testing  Materials,  standard  specifications  for  drain  tile.  Designation 
C4-24,  A.  S.  T.  M.  Standards,  1930  (pt.  2) :  249.  1930.  Methods  of  bedding  and  cradling  tile  to  carry 
increased  loads  are  described  in  the  following  publication:  Schlick,  W.  J.  supporting  strength  of 

DRAIN  TILE  AND  SEWER  PIPE  UNDER  DIFFERENT  PIPE-LAYING  CONDITIONS.      lowa  EngiU.  Expt.  Sta.  Bul. 

57  (v.  18,  no.  46),  68  p.,  illus.  1920. 
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COMMON  METHODS  OF  APPRAISING  DAMAGES 

The  method  of  determining  the  amount  of  damages  to  each  farm 
depends  largely  upon  the  judgment  of  the  board  of  appraisers 
appointed  for  the  drainage  district.  Consequently  there  are  many 
variations  in  the  methods  followed.  The  valuation  of  the  various 
tracts  of  land  taken  and  of  other  items  of  damage  are  determined  by 
the  board,  the  total  amount  of  each  award  being  subject  to  court 
review  if  appeal  is  made  by  the  landowner. 

It  is  a  common  practice  to  compute  as  right  of  way  the  area  occu- 
pied by  the  ditch  and  waste  banks  and  to  allow  damages  for  that 
acreage  at  the  average  value  for  the  whole  farm.  Some  drainage  dis- 
tricts have  paid  only  for  a  strip  equal  to  the  top  width  of  the  ditch, 
anticipating  that  the  landowners  would  plow  down  and  cultivate  the 
waste  banks.  Some  districts  have  partly  leveled  the  waste  banks, 
and  for  the  area  under  them  have  allowed  damages  equal  to  two 
years'  rental. 

Some  drainage  districts  have  built  and  maintained  fences  along  the 
right  of  way,  but  probably  the  more  common  practice  has  been  to 
include  in  the  damage  awards  the  estimated  cost  of  building  the  fences 
if  such  are  deemed  necessary.  The  latter  method  is  not  adequate 
unless  the  allowance  is  sufficient  to  cover  repairs  and  renewals  as 
well  as  original  construction.  The  cost  of  bridges  to  give  access  to 
isolated  portions  of  individual  farms  has  been  met,  in  general,  like 
the  cost  of  the  fences. 

ITEMS  OF  ACTUAL  LOSS 


LAND  TAKEN  FOR  RIGHT  OF  WAT 

The  most  apparent  damage  suffered  by  an  owner  whose  farm  is 
crossed  by  an  open  ditch  is  the  loss  of  land  occupied  by  the  drain  and, 

ordinarily,  by  the  waste  banks.  Widths 
of  right  of  way  for  ditches  of  4-foot  and 
6-foot  bottom  widths  and  IJ^  to  1  side 
slopes  and  of  various  depths  are  stated 
in  Table  6  (p.  11).  The  wider  ditch  at  8 
feet  depth  is  shown  as  requiring  an  85-foot 
right  of  way,  which  would  take  2.57  acres 
from  a  square  40-acre  field  if  it  crossed 
parallel  to  one  side  a-b,  (fig.  5),  or  3.56 
acres  if  it  crossed  straight  between  oppo- 
site corners,     {c-d,  fig.  5). 

The  waste  banks  for  this  ditch  cover 
nearly  half  the  right  of  way.  (Fig.  6, 
A.)  If  the  material  in  them  would  make 
good  soil,  it  could  be  spread  to  have  side 
slopes  of  4  to  1  instead  of  1  to  1,  which 
would  permit  farming  machinery  to  be 
used  over  them.  (Fig.  6,  B.)  Then  the  right  of  way  purchased  would 
need  be  only  46  feet  wide,  but  the  damages  allowed  should  cover  the 
extra  work  of  smoothing  and  preparing  the  new  seed  bed  and  full 
rental  of  the  land  until  it  yields  at  least  half  a  normal  crop.  Leveling 
the  waste  banks,  when  the  ditch  is  constructed,  may  be  expected  to 
add  about  one-fifth  to  the  price  of  excavation. 


Figure  5.— Representative  locations  of 
drainage  ditches  across  square  40-acre 
fields 
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INJURY    TO    CROPS    ADJOINING    RIGHT-OF-WAY 

Unless  the  waste  banks  are  leveled,  along  either  side  of  the  right 
of  way  through  crop  land  there  will  be  a  strip  from  which  the  farmer 
will  get  but  partial  returns  owing  to  injury  from  turning  of  teams 
and  machinery.  If  each  strip  is  20  feet  wide  and  the  average  yield 
is  half  that  from  land  farther  from  the  ditch,  the  damages  from  this 
cause  may  be  estimated  as  equivalent  to  purchasing  a  strip  10  feet 
wide  along  each  side.  If  the  waste  banks  were  leveled,  these  turning 
strips  would  lie  along  the  edge  of  the  ditch  instead  of  outside  the 
waste  banks.  Where  the  ditch  is  located  on  a  fence  line  the  turning 
strips  along  the  ditch  merely  replace  those  along  the  fence  and  would 
not  be  considered  in  computing  damages. 

LOSS    OF    PROFITS 

A  strip  of  land  a  few  rods  wide  has  greater  value  as  part  of  the 
adjoining  field  than  as  a  separate  tract,  because  of  its  accessibility 
for  cultivation  with  that  field.     Farming  a  like  acreage  separately 


Figure  6.— Cross-section  of  strip  occupied  and  damaged  by  construction  of  open  ditch:  A,  Waste 
banks  narrow,  high,  and  not  cultivable;  B,  waste  banks  leveled  so  they  can  be  cultivated. 
(Width  of  right  of  way  computed  as  stated  on  p.  20) 

entails  extra  labor  and  therefore  greater  cost  for  producing  the  crop. 
In  well-developed  regions  like  much  of  the  North  Central  States, 
purchase  of  a  few  acres  to  replace  land  taken  for  a  ditch  right  of  way 
is  generally  impossible.  Therefore  taking  of  the  land  causes  a  reduc- 
tion in  the  farm  owner's  gross  income  without  a  proportionate  reduc- 
tion in  his  expenditures,  and  more  than  a  proportionate  loss  of 
profits.  It  would  seem  only  just  under  such  circumstances  to  com- 
pensate the  owner  for  reduction  in  his  profits. 

EXTRA  LABOR  IN   WORKING  DIVIDED  FIELDS 

Pivision  of  a  field  of  convenient  size  by  a  ditch  or  other  obstruction 
increases  the  labor  of  working  it.  The  amount  of  extra  labor  required 
will  vary  with  the  kind  of  crop  and  the  shape  of  the  parts  of  the  field ; 
it  may  be  measured  by  the  loss  of  time  in  turning  teams  and  machin- 
ery.    It  is  greatest  with  row  crops  that  are  cross-cultivated,  and  least 
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with  crops  for  which  all  operations  parallel  the  perimeter  of  the  tract 
being  worked.  It  increases  with  the  number  of  rows  and  crossrows 
intersected  by  the  ditch. 

Division  of  a  rectangular  field  by  a  ditch  perpendicular  to  the  direc- 
tion of  the  long  furrows  will  double  the  number  of  turnings  in  the 
lengthwise  operations  and  will  multiply  the  turnings  in  those  opera- 
tions that  parallel  the  perimeter  of  the  field  by  the  ratio  of  the  length 
of  the  whole  field  to  its  breadth.^  Division  by  a  ditch  parallel  to  the 
long  furrows  will  only  double  the  number  of  turnings  in  the  cross 
operations.  Division  diagonally  into  two  equal  triangles  will  double 
the  number  of  turnings  in  the  lengthwise  and  cross  operations  but 
will  make  no  material  change  in  the  labor  of  the  circumferential 
operations. 

In  raising  a  crop  of  corn  on  a  square  40-acre  field  divided  into  two 
rectangles  as  by  ditch  a-b  in  Figure  5,  the  number  of  turnings  is  doubled 
for  probably  two  harrowings  and  two  cultivations.  (All  operations 
in  producing  the  crop  are  assumed  to  consist  of  harrowing,  disking, 
plowing,  disking,  harrowing,  packing,  planting,  harrowing,  cultivating 
four  times,  and  harvesting.)  The  extra  time  required  is  estimated 
at  12}^  hours  for  one  man  and  a  2-horse  team.  Division  of  the  field 
diagonally  as  by  ditch  c-d  (fig.  5)  would  double  the  number  of  turnings 
in  every  operation  that  must  follow  the  rows  or  crossrows,  which  for 
corn  probably  would  be  two  harrowings,  planting,  four  cultivations, 
and  harvesting.  The  extra  time  for  this  is  estimated  as  25  hours  for 
one  man  and  two  horses,  or  double  that  for  the  rectangular  pieces. 
Division  by  a  ditch  at  a-e  (fig.  5)  cutting  half  the  rows  and  all  the 
crossrows,  or  at  a-g  cutting  three-fourths  of  the  rows  and  three-fourths 
of  the  crossrows,  would  entail  extra  labor  in  cropping  equal  to  three- 
fourths  that  resulting  from  ditch  c-d,  or  half  more  than  from  ditch  a-b, 
about  19  hours  for  a  man  and  team.  For  small  grains  and  hay  the 
extra  labor  would  be  very  small,  probably  none  for  the  rectangular 
division,  and  perhaps  four  hours  for  the  triangular  division. 

REDUCTION    IN    GENERAL    FARM    VALUE 

The  presence  of  an  open  ditch  across  a  farm  generally  detracts 
from  the  sale  value  of  the  farm  more  than  in  proportion  to  the 
reduction  in  acreage.  Part  of  this  probably  is  due  to  fouling  of  the 
fields  with  weeds  seeded  from  the  growth  in  and  along  the  ditch, 
causing  a  loss  in  quality  or  amount  of  crop  that  is  none  the  less  real 
because  it  is  difficult  to  evaluate.  The  unsightliness  of  the  ditch 
and  waste  banks  covered  with  weeds  and  brush  is  also  a  factor  in 
lowering  the  value  of  the  farm,  because  the  farm  is  valued  as  a  home 
and  not  merely  as  income-producing  equipment.  The  effect  of  this 
factor  probably  varies  with  both  physical  and  economic  conditions 
in  the  region.  In  some  cases  opinion  placed  the  reduction  in  value 
due  to  these  causes  as  high  as  10  per  cent  of  the  farm  value.  The 
unsightliness  of  the  open  drain  and  the  losses  in  crop  value  resulting 
from  weeds  growing  along  the  ditch  can  be  obviated,  at  least  in  large 
measure,  by  lowering  and  smoothing  the  waste  banks  for  cultivation 
and  then  occasionally  mowing  the  weeds  in  and  along  the  channel. 

*  Exact  computation  should  deduct  a  very  small  number  of  turnings  on  account  of  the  area  in  ditch  right 
of  way,  which  is  not  cultivated. 
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COMPUTATION   OF   TOTAL   DAMAGES 

A  ditch  8  feet  deep  with  6-foot  bottom  width  and  IK  to  1  side 
slopes  requires  a  right  of  way  85  feet  wide,  according  to  Table  6. 
In  crossing  a  square  40-acre  field,  parallel  to  one  side  {a-b,  fig.  5), 
the  area  occupied  by  ditch  and  waste  banks  would  be  2.57  acres, 
w^hich  at  $100  per  acre  would  have  a  value  of  $257.  The  20-foot 
turning  strips  occupy  1.21  acres,  for  which  damages  at  50  per  cent 
of  full  value  would  be  $60.  If  the  average  annual  profit  from  the 
field  is  $2  per  acre,  the  loss  would  be  $6.35  per  year,  which  capital- 
ized on  a  basis  of  6.7  per  cent  interest  (the  rate  used  in  capitalizing 
annual  expenditures  for  maintenance  of  drains)  would  be  equivalent 
to  $95.  If  this  field  were  worked  in  a  4-year  rotation  consisting  of 
corn  two  years  and  small  grain  or  hay  two  years,  the  average  amount 
of  extra  labor  caused  by  division  of  the  field  would  be  about  six  and 
one-fourth  hours  for  one  man  and  two  horses,  which  at  30  cents  per 
hour  for  the  man  and  15  cents  per  hour  for  each  horse  would  cost 
$3.75  per  year.  Capitalized  on  a  basis  of  6.7  per  cent  interest,  this 
would  be  equivalent  to  $56.  The  total  amount  of  damages  com- 
puted in  this  way  is  then — 

Right  of  way  occupied $257 

Turning  strips  injured 60 

Lost  profits  capitalized 95 

Extra  labor  of  farming  capitalized 56 

Total 468 

The  cost  of  leveling  the  waste  banks  on  this  ditch  probably  would 
exceed  the  saving  in  cost  of  right  of  way,  and  in  addition  rental 
would  be  paid  for  the  land  covered  by  the  material. 

If  the  ditch  were  located  along  the  side  of  the  field,  the  above- 
mentioned  items  for  turning  strips  and  extra  labor  w^ould  be  avoided, 
the  lost  profits  would  be  based  on  only  the  85-foot  right  of  way  and 
be  capitalized  at  $77,  and  the  total  computed  for  the  damages  would 
amount  to  $334. 

If  the  same  ditch  crossed  the  field  diagonally  as  at  c-d  (fig.  5),  the 
land  occupied  by  ditch  and  waste  banks  would  be  3.56  acres  and  by 
the  turning  strips  1.62  acres.  Lost  profits  on  the  equivalent  of  4.37 
acres  would  be  $8.74  per  year,  and  the  extra  labor  of  working  the 
divided  field  would  average  about  14}^  hours  and  would  cost  about 
$8.70  per  year,  at  the  rates  previously  stated.  The  total  damages 
for  this  case  are  thus  summarized : 

Right  of  way  occupied.. $356 

Turning  strips  injured 81 

Lost  profits  capitalized _.. 130 

Extra  labor  of  farming  capitalized 130 

Total. 697 

If  the  total  damages  computed  above  were  charged  as  value  of 
land  in  the  right  of  way,  the  prices  would  be,  respectively,  $182,  $130, 
and  $196  per  acre  instead  of  the  assumed  average  selling  value  of 
$100  per  acre.  From  these  computations  are  omitted  the  items  of 
fences,  private  bridges,  and  fouling  of  the  field  from  weed  growths 
along  the  ditch.  It  would  seem  that  the  drainage  district  could  build 
and  maintain  the  fences  and  bridges  and  mow  the  weeds  more  cheaply 
than  pay  proper  damages  for  putting  the  work  and  expense  upon  the 
individual  landowners. 
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The  foregoing  discussion  omits  consideration  of  possible  legal 
obstacles  to  payment  in  particular  of  the  item  for  loss  of  profits. 
Nevertheless,  failure  to  receive  compensation  for  such  losses  doubt- 
less is  an  important  factor  in  causing  opposition  to  the  use  of  open 
ditches  even  when  they  would  be  cheaper  than  tile  drains. 

CONCLUSIONS 

Tile  of  large  diameter  have  been  used  for  draining  land  in  many 
instances  where  open  ditches  would  have  provided  drainage  for  less 
cost.  Lack  of  data  for  comparing  the  total  cost  of  drainage  by  open 
ditches  and  by  tile  undoubtedly  has  been  partly  responsible  for  use 
of  the  more  costly  type  of  drains. 

The  annual  expenditures  for  maintenance  of  tile  drains  by  106 
drainage  districts,  believed  to  fairly  represent  general  conditions  in 
the  upper  Mississippi  Valley,  averaged  about  two-thirds  of  1  per 
cent  of  the  cost  of  the  tile  and  labor  of  installation.  The  average 
annual  cost  of  keeping  open  ditches  in  fairly  effective  condition  in 
the  same  region  is  indicated  to  be  about  5  per  cent  of  the  cost  of 
excavation  and  damages. 

dn  the  basis  of  average  prices  paid  for  drainage  construction  during 
1922  to  1925  and  annual  maintenance  expenditures  capitalized  at 
6^  per  cent  per  year,  it  appears  that  tile  drainage  and  open  ditches 
may  be  equal  in  ultimate  cost  when  purchase  of  tile  and  trenching, 
laying,  and  back  filling  will  be  70  to  100  per  cent  greater  than  the 
cost  of  excavation  and  damages  for  the  open  ditch.  If  the  ratio  of 
these  installation  charges  falls  within  this  range,  the  more  economi- 
cal type  of  drain  is  to  be  determined  only  by  comparing  costs  accord- 
ing to  prices  applicable  to  the  case  in  hand.  Use  of  graphs  and 
formulas  given  herein  will  reduce  the  labor  of  making  such 
comparisons. 

Care  in  design  and  construction  work  will  be  conducive  to  low 
repair  costs  for  tile  drains.  Inspection  should  be  continued  until  the 
last  bit  of  construction  is  completed. 

In  appraising  damages  to  be  paid  for  right  of  way  for  an  open 
ditch,  across  cultivated  land  particularly,  cognizance  should  be  taken 
of  other  damages  than  merely  the  area  occupied  by  the  ditch  and 
waste  banks.  Such  damages  may  result  from  injury  to  crops  on 
turning  strips  along  the  right  of  way,  from  loss  of  profits  through 
reduction  in  the  size  of  the  farmer's  business,  and  from  increased 
expense  of  labor  for  cultivating  fields  divided  by  the  ditch. 
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INTRODUCTION 

Chemotropic  tests  with  the  screw-worm  fly,  Cochliomyia  macellaria 
Fab.,  have  been  carried  on  for  a  number  of  years  by  the  writers.^ 

This  work  was  done  principally  for  the  purpose  of  finding  suitable 
repellents  with  which  to  dress  wounds  on  animals  to  prevent  them  from 
becoming  infested  with  the  screw  worm,  or  to  prevent  reinfestations 
after  an  infestation  of  worms  has  been  killed  out.  During  these  tests 
observations  were  made  on  the  behavior  of  other  species  of  flies 
toward  the  materials  used. 

The  results  of  these  observations  are  here  presented  with  the  thought 
that  they  might  be  of  value  in  further  studies  of  the  chemotropism  of 
insects,  particularly  flies,  in  devising  repellents  to  protect  man  and 
animals  from  blood-sucking  or  annoying  species,  to  keep  flies  away 
from  food  and  out  of  camps  and  unscreened  buildings,  and  to  give 
information  that  might  be  of  value  in  developing  baits  for  trapping 
or  poisoning  the  adult  flies  or  for  preventing  the  breeding  of  larvae 
in  baits. 

1  BisHOPP,  F.  C,  Cook,  F.  C,  Parman,  D.  C,  and  Laake,  E.  W.  pkogbess  report  of  investi- 
gations RELATING  TO  REPELLENTS,  ATTRACTANTS  AND  LARVICIDES  FOR  THE  SCREW-WORM  AND  OTHER 
FLIES.    Jour.  Econ.  Ent.  Ifi:  222-224.     1923. 

Roark,  R.  C.  Parman,  D    C,  and  Laake,  E.  W.    repellents  and  larvicides  for  thk 

SCREW  worm  and  OTHER  FLIES.     JouT.  Ecou.  Ent.  18:  776-778.     1925. 

Laakf,  E.  W.,  Parman,  D.  C,  Bishopp,  F.  C,  and  Roark,  R.  C.    field  tests  with  repfllektj 

FOR  the  screw-worm  FLY,  COCHUOMYIA  MACELLARIA  FAB.,  UPON  DOMESTIC  ANIMALS.  JOUr.  ECOU.  Ent. 
19:  536-539.     1926. 

Parman,  D.  C,  Laake,  E.  W.,  Cook,  F.  C,  and  Roark,  R.  C.  chemotropic  tests  with  the  screw- 
WORM  FLY.     U.  S.  Dept.  Agr.  Bui.  1472,  32  p.    1927. 

Roark,  R.  C,  Parman,  D.  C,  Bishopp,  F.  C,  and  Laake,  E.  W.  repellents  for  blowfues- 
Indus.  and  Engin.  Chem.  19:  942-943.    1927. 

Parman,  D.  C,  Laake,  E.  W.,  Bishopp,  F.  C,  and  Roark,  R.  C.  tests  of  blowfly  baits  and 
repellents  DURING  1926,    U.  S.  Dept.  Agr.  Tech.  Bui.  80,  15  p.,  illus.    1928. 
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PROCEDURE 

In  these  tests  pint  Mason  jars  were  used  as  containers  for  the  baits. 
Enough  sand  to  make  a  layer  1  inch  in  depth  was  put  in  each  jar, 
and  on  this  4  ounces  of  fresh  meat  was  laid.  A  measured  quantity 
of  the  material  to  be  tested  (5  grams  of  the  solids  and  5  cubic  centi- 
meters of  the  liquids)  was  then  scattered  over  the  surface  of  the  meat. 
These  amounts  were  sufficient  to  cover  the  surface  of  the  meat 
rather  thoroughly.  Fresh  beef  liver  was  employed  in  most  of  the 
tests,  but  rabbit  meat  was  used  in  some  of  them.  In  most  instances 
a  number  of  materials  were  tested  simultaneously,  and  each  material 
was  exposed  in  two  jars,  and  from  two  to  five  other  jars  were  left 
im treated  to  serve  as  checks.  Some  of  these  experiments  were  con- 
ducted at  Dallas,  Tex.,  and  others  at  Uvalde,  Tex.,  the  tests  being 
made  at  different  times  of  the  year  and  during  several  seasons.  Since 
these  factors  caused  considerable  variation  in  results,  and  an  insuffi- 
cient number  of  tests  were  made  to  weigh  the  variabilities,  it  has 
been  thought  best  to  combine  all  the  data  secured.  In  Dallas  the 
jars  were  exposed  under  a  shed  at  a  packing  plant,  and  their  positions 
were  interchanged  after  each  observation.  In  the  early  tests  at 
Uvalde  the  jars  were  set  out  on  the  ground  in  the  shade  of  mesquite 
trees,  but  in  the  later  ones  they  were  exposed  in  a  shed  with  all  sides 
open,  and  the  check  and  treated  jars  were  placed  in  alternate  posi- 
tions. The  distance  between  the  jars  ranged  in  difi"erent  tests  from 
4  to  6  feet. 

Most  of  the  tests  were  begun  about  midday.  Two  observations 
were  made  on  the  first  day;  four  on  the  second,  third,  and  fourth 
days;  and  two  on  the  fifth  day,  the  tests  being  discontinued  about 
noon  of  that  day.  This  made  the  daily  observations  about  two  hours 
apart.  At  each  observation  the  number  of  flies  of  each  species  in 
>each  jar  was  counted,  and  the  presence  of  eggs  or  larvae  was  noted. 

MATERIALS  USED 

The  selection  of  materials  to  be  tested  was  made  from  a  wide  range 
of  organic  and  inorganic  compounds,  with  the  hope  of  gaining  some 
information  as  to  the  reaction  of  the  different  species  of  flies  to  differ- 
ent groups  or  types  of  materials.  The  chemical  compounds  used 
were  mainly  chemically  pure,  and  the  essential  oils  and  crude  drugs 
were  of  the  best  commercial  grade  obtainable.  The  lubricating  oil 
used  as  a  diluent  was  automobile  motor  oil,  specific  gravity  0.930, 
viscosity  at  104°  F.  495  seconds  Saybolt,  manufactuied  from  crude 
oils  of  different  bases.  The  mineral  oil  used  was  a  spindle  oil  with 
a  specific  gravity  at  60°  of  about  0.88,  and  a  boiling  range  from  569° 
to  750°.  The  petrolatum  used  was  U.  S.  P.  The  pine  products  were 
made  hy  destructive  distillation  except  where  otherwise  noted. 

RESULTS  OF  TESTS 

In  the  following  tables  the  attractiveness  of  the  treated  meat  baits  is 
compared  with  that  of  the  check,  or  untreated  baits,  for  the  house  fly 
(Musca  domestica  L.),  the  green-bottle  flies  {Lucilia  spp.),  and  the 
black  blowfly  (Phormia  regina  Meig.).  As  the  flies  entering  the 
jars  were  not  killed  it  was  not  possible  to  determine  the  species  of 
Lucilia  with  accurac3^     In  these  tests  Lucilia  sericata  Meig.  and  L. 
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cuprina  Wd.  were  the  predominant  species  found.  In  the  following 
tables  the  number  of  flies  of  each  species  entering  the  jars  with  treated 
bait  is  compared  with  the  number  entering  those  with  the  untreated 
meat,  the  results  being  expressed  as  the  percentage  ratio  or  coefficient 
of  efficacy.  A  percentage  ratio  of  zero  indicates  perfect  repellent  ac- 
tion, a  ratio  of  100  no  repellent  effect,  and  more  than  100  shows  that 
the  material  makes  the  bait  more  attractive  to  the  ffies.  Similar  data 
were  presented  for  the  screw- worm  fly,  Cochliomyia  macellaria  Fab.,  in 
Department  Bulletin  No.  1472  ^  and  Technical  Bulletin  No.  80.^ 
Table  1  covers  the  complete  list  of  the  materials  tested,  and  the  tables 
following  summarize  the  more  outstanding  results. 


Table  1.- 


-Results  of  chemotropic  tests  with  Musca  domestica,  Lucilia  spp.,  and 
Phormia  regina,  Dallas  and  Uvalde,  Tex. 


3 

3 

a 

Musca  domestica 

1 

Lucilia  spp. 

Phormia  regina 

Compounds 

Number  of 
flies  "  in— 

o 
1 

Number  of 
flies  « in— 

o 

Number  of 
flies  « in— 

•a 
o 

1 

i 

o 

I 

5 

5^ 

_c3 

1 

Hydrocarbons: 
Benzene 

2 
7 
4 
2 
6 
5 
3 

7 
5 
4 

6 

1 
1 
9 
2 

2 
5 
3 

2 

4 

4 

1 
2 

1 

3 

4 
2 

6 
9 

1 
12 

4 

8 
4 

7 

204 

47 
<13.3 
143 

87 
4 

66 

1,018 

90 

0 

13 

73 

156 

325 

9 

2 
21 
48 

2 

8 

179 
49 
15 
0 

102 

461 

38 

150 
116 
95 
268 

434 
325 
142 
239 

1 

283  !     72. 1 
136  i     34.6 
<=  26  !     51.  2 
143     100.0 
369       23.6 
123         3.3 
123       53.7 

482  [  211.2 

448  i     20. 1 

73         0 

87 
17 

cm 

133 
90 
14 
17 

233 
27 
0 

26 
36 
43 
56 
6 

5 
8 
0 

5 
41 

105 

23 

8 

30 

32 
97 

8 

41 
26 
18 
82 

94 
74 
50 
22 

91 
30 
«93 
105 
108 
28 
46 

209 
152 
111 

127 
44 
44 
92 
63 

106 
37 
16 

105 
111 

211 
36 

105 
36 

86 
115 
53 

105 

115 

36 

288 

76 
232 

76 
65 

95.6 
56.7 
172.0 
126.7 
83.3 
50.0 
37.0 

111.5 
17.8 
0 

20.5 
81.8 
97.7 
60.9 
11.3 

4.8 
21.6 
0 

4.8 
36.9 

49.8 

63.9 

7.6 

83.3 

37.2 
84.3 
15.1 

39.0 
22.6 
50.0 
28.5 

1^.7 
31.9 

685.8 
33.8 

Mineral  oil 



Naphthalene  and  kaolin  1  to  9 

Petrolatum 

a-Pinene 

Bromides: 

Bromoform 

30 
8 

132 
123 

22.7 

a-Bromonaphthalene 

6.5 

p-Xylyl  bromide 

Chlorides: 

Benzyl  chloride 

81 
109 
109 
353 
104 

143 
103 
182 

143 
73 

522 
107 
143 
107 

277  1 
351 
104  ! 
1 
308  ! 
290  i 
107 

16.0 

67.0 

143.1 

92.1 

8.7 

1.4 
20.4 
26.4 

1.4 
11.0 

34.3 
45.8 
10.5 
0 

36.8 
131.3 
36.5 

48.7 
40.0 

88.8 

Carbon  tetrachloride  ..  . 

Chloroform 

p-Dichlorobenzene 

48 

104 

46.'2 

Hexachloroethane  and  kaolin,  1 
to  9 

Pinene  plus  hydrochloric  acid 

Pinene  hydrochloride 

Pinene  hydrochloride  and  kao- 
lin, 1  to  9 

! 

Iodides: 

Iodoform . 

19 

139 

13.7 

Iodoform  and  kaolin  1  to  9 

Iodoform  and  petrolatum,  1  to  2. 
Alcohols: 
d-Borneol 

Geraniol 

a-Terpineol 

Pbenols: 

Carvacrol 

Eugenol 

Resorcinol. 

160 
34 

29 
70 

159 
102  1 

1 
135 

.84  1 

100.6 
33.3 

21.5 
38.0 

Safrol 

Aldehydes: 

848       31.6 

315  '  137.8 
660  i     49.2 
315  '■     45.1 
175     136.6 

65 

274 

23.7 

C  innamaldehyde 

53  ' 

214 

24.8 

Formaldehyde 

"  Total  number  of  flias  of  this  species  entering  jars  during  entire  period  of  exposure. 
*•  Percentage  ratio  is  determined  by  dividing  the  total  number  of  flies  in  treated  jar  by  the  total  number 
in  check  jar  and  multiplying  by  100. 
« This  figure  is  the  average  of  number  of  flies  in  Jars  in  several  tests. 

'  See  footnote  1. 
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Table  L — Results  of  chemotropic  tests  with  Musca  domestica,  Lucilia  spp.,  and 
Phormia  regina,  Dallas  and  Uvalde,  Tex. — Continued 


Compounds 


Aldehydes— Continued. 

Furfural.- -. 

Furfural  and  kaolin,  1  to  4 

Furfural  and  petrolatum,  1  to  5. 

Heptaldehyde 

Salicylaldehyde 

Ketones: 

Acetone 

Chlorine  substituted  ketones: 

Chloroacetone 

C  hloroacetophenone 

Chloroacetophenone  and  kaolin, 
Itol - 

Chloroacetophenone  and  kaolin, 
1  to9 

Chloroacetophenone    and    pe- 
trolatum, 1  to  2 

Esters: 

Methyl  salicylate.- .- 

Halogen  substituted  esters: 

/3-Chloroethyl  acetate 

/3-B  romoeth  y  1  acetate - . 

Ethers: 

/3-Naphthylethyl  ether 

Nitro  compounds: 

Nitrobenzene-. 

Nitrobenzene  and  kaolin,  1  to  4. 

Nitrobenzene  and  petrolatum, 
lto5 - 

Nitrocymene— 

Mixed  nitro  compounds: 

Chloropicrin   and   lubricating 
oil,  1  to  9 - - 

Chloropicrin   and   lubricating 
oil,  1  to  49.-.. - 

Picric  acid - 

Amines: 

Dimethylaniline - 

Miscellaneous    nitrogenous    com- 
pounds: 

Pyridine 

Pyridine  and  lubricating  oil, 

1  to9 

Sulphur  compounds: 

AUyl  isothiocy anate 

AUyl  isothiocyanate  and  kaolin, 
lto3 -. 

Allyl  isothiocyanate  and  petro- 
latum, 1  to  2 

Butyl  mercaptan 

Carbon  disulphide 

Ethyl  mercaptan 

Selenium  compounds: 

Ethyl  selenide 

Inorganic  compounds: 

Antimony  trichloride- 

Arsenical  solution  (2  per  cent 
dip) — .— 

Borax 

Copper  carbonate .- 

Copper  carbonate  and  kaolin, 
1  to9 

Copper  sulphate 

Kaolin.. 

Lead  acetate 

Potassium  sulphide 


1 

Musca  domestica 

Lucilia  spp. 

Phormia  regina 

o 

Number  of 
flies  in— 

o 

a 

(2 

Number  of 
flies  in— 

c 
8 

Number  of 
flies  in— 

o 

1" 

1 

c3 

i 

.1 
1 

£ 

Eh 

1 

u 

2 

1 

17 
4 

151 
52 
4 

154 
98 

135 

8 
16 

2 

4 

0 

37 

16 
13 

40 

178 
8 

1 
342 

7 

^l 

83 

228 
13 

118 
38 

18 
189 

91 
315 

69 

75 

127 
111 
20 

4 
62 
382 
77 
49 

818 
171 
153 
320 
338 

134 

76 
458 

290 

143 

107 

243 

73 
81 

701 

652 
149 

115 
711 

47 

73 
244 

482 

732 

37 

713 

171 

138 
458 
109 
183 

109 

183 

109 
283 
306 

143 
179 
411 
109 
353 

18.5 
30.4 
2.6 
48.1 
29.0 

100.7 

10.5 
3.5 

.7 

2.8 

0 

15.2 

21.9 
16.0 

5.7 

27.3 
5.4 

.9 
48.1 

14.9 

12.3 

7.8 

17.2 

31.1 

35.1 

16.5 

22.2 

13.0 
41.3 
83.5 
172.1 

64.1 

41.0 

116.5 

39.2 

6.5 

2.8 
34.6 
92.9 
70.6 
13.9 

106 

7 

0 

52 

53 

37 

23 
9 

10 

18 

1 

27 

32 
27 

45 

68 

7 

6 
105 

81 

28 
32 

70 

164 

257 

52 

6 

6 

96 
37 
41 

22 

23 

28 
76 
34 

5 
46 
84 
30 
61 

305 
91 
43 
86 

156 

58 

139 
164 

79 

105 

36 

124 

111 
127 

216 

249 
81 

45 
310 

388 

111 
130 

198 

255 
358 

288 

84 

60 
164 
44 
43 

44 

43 

44 
91 
170 

105 
127 
121 
44 
174 

34.8 
7.7 
0 

60.5 
34.0 

63.8 

16.5 
5.5 

12.7 

17.1 

2.8 

21.8 

28.8 
21.3 

20.8 

27.3 
8.6 

13.3 
33.9 

20.9 

25.2 
24.6 

35.4 

64.3 

71.8 

18.1 

6.0 

10.0 
58.5 
84.1 
95.3 

60.0 

63.5 

63.6 
83.5 
20.0 

4.8 
36.2 
69.4 
68.2 
35.1 

23 


291 

7.9 

3 

6 

9 
5 

5 

168 

3.0 

fi 

3 
3 

2 

102 

2.0 

?, 

1 

7 
4 

15 

184 

8.2 

6 

9 

16 
3 

5 

100 
231 

5.0 
3.0 

2 

9 
8 

25 

215 

11.6 

4 

3 

7 
10 

7 
2 

133 
171 

5.3 
1.2 

9 
4 

1 

148 

.7 

4 

3 
1 

43 

102 

42.2 

2 

1 

i 

2 

! 

1 

2 

6 

2 

3 

4 

1 

4 
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Table   1. 


Results  of  chemotropic  tests  with  Musca  domestica,  Lucilia  spp.,  and 
Phormia  regina,  Dallas  and  Uvalde,  Tex. — Continued 


1 

3 
a 

Musca  domestica 

Lucilia  spp. 

Phormia  regina 

Compounds 

Number  of 
flies  in- 

o 
1 

g 

Number  of 
flies  in— 

.2 
'S 

1 

Number  of 
flies  in- 

o 

1 

O 

S 

1 

t 

o 

2 

1 
1 

Essential  oils  of  botanical  origin: 
Anise,  star .. 

11 

1 

2 
11 
7 
6 
9 
18 

1 

.    5 

2 
2 
5 
12 

2 
13 

6 
10 

8 
5 

1 
1 
7 

10 
4 

16 
6 
5 

2 

1 
2 
2 

2 
6 
11 

2 

7 
6 
8 
5 

1 
9 
10 
11 

1 
4 
12 

2 
1 
2 
1 
5 
2 

84 
84 

8 

56 

57 

6 

105 

263 

14 

5 
242 

11 
51 
97 
81 

0 
17 

1 
71 
11 
59 

1 
2 
58 
18 
26 
66 
3 
62 

1 
28 
47 

3 

1 
41 
18 

2 
15 
81 
54 
37 

0 
120 

75 
41 

30 
313 
125 

0 
24 
20 
73 

18 
9 

691 
174 

24 
398 
230 
179 
504 
1,214 

107 

278 

245 
267 

24 
283 
202 

718 

24 

211 

37 
513 

47 
376 

107 
107 
661 
132 
128 
530 
37 
635 

24 
174 
179 
104 

24 
147 
204 

24 
103 
656 
440 
393 

107 
844 
679 
130 

174 
315 
846 

112 
107 
143 
174 
167 
143 

12.2 
48.3 

33.3 

14.1 
24.8 
3.4 
20.8 
21.7 

9 

5.0 

2.0 
90.6 

45.8 
18.0 
48.0 
11.3 

0 
8.1 

2.7 
13.8 
23.4 
15.7 

.9 

1.9 

8.8 

13  6 

20.3 

12.5 

8.1 

9.8 

4.2 
16.1 
26.3 

2.9 

4.2 
27.9 

8.8 

8.3 
14.6 
12.4 
12.3 

9.3 

0 
14.2 

n.o 

3L5 

17.2 
99.4 
14.8 

0 
22.4 
14.0 
42.0 
10.8 

6.3 

64 
20 

29 
49 
29 
7 
83 
111 

0 

1 

0 
42 

115 
100 
75 
52 

93 
18 

170 
49 

185 
16 

0 
0 

12 
5 

57 

64 
247 

56 

47 
23 
47 
17 

140 

18 
35 

65 
4 

99 
62 
13 

5 

70 

125 

5 

14 
61 

47 

4 
0 
50 
24 
38 
21 

326 

47 

198 
219 
82 
66 
189 
603 

36 

120 

9 
108 

198 
91 
113 

277 

198 
104 

358 
206 
388 
120 

12 
12 
236 
60 
68 
167 
358 
221 

198 
47 
67 
53 

198 
53 
96 

198 

25 
226 
200 
139 

12 
279 
230 

46 

47 

76 

348 

45 
38 

105 
47 
95 

105 

19.6 
42.6 

14.6 
22.4 
35.4 
10.6 
43.9 
22.1 

0 

.8 

0 
38.9 

58.1 

109.9 

66.4 

18.8 

47.0 
17.3 

47.5 
23.8 
47.7 
13.3 

0 
0 

5.1 
8.3 
83.8 
3S.3 
69  0 
25.3 

23.7 
48.9 
70.1 
32.1 

70.7 
34.0 
36.5 

32.8 
16.0 
43.8 
31.0 
94 

41.7 
25.1 
54.3 
10.9 

29.8 
67.1 
13.6 

8.9 
0 
47.6 
51.1 
40.0 
20.0 

41 

139 

29.6 

Bergamot 

Bergamot  and  lubricating  oil, 
1  to  9 

Cade - 



Cajuput 

Camphor. 

28 

133 

21.1 

Camphor,  white  special 

Camphor  by-product 

46 

289 

16.9 

Camphor  by-product  and  bone 
meal,  1  to  3 

Camphor  by-product  and  kao- 
lin, 1  to  3. 

Camphor  by-product  and  pe- 
trolatum, 3  to  1 

Cassia 

42 

120 



36.0 

Cassia,  redistilled,  and  lubricat- 
ing oil,  1  to  9 

Cedar  leaf- 

1 

Cedar  wood 

Cinnamon 

2 

139 

1.4 

Cinnamon  and  lubricating  oil, 
1  to  9 

Citronella.. 



Citronella  and  lubricating  oil, 
lto9 

Clove 

9 

,132 

6.8 

Clove  and  lubricating  oil,  1  to  9 

Clove  bud 

Clove  bud  and  petrolatum,  3 
to  1..  . 

Clove  bud  and  kaolin,  1  to  3  . 

Coriander 

3 

139 

2.2 

Cumin 

Eucalyptus.. 

Fennel 

31 

200 

15.5 

Fennel  and  lubricating  oil,  1  to  9 
Geranium,  rose 

8 

139 

5.8 

Geranium,  rose,  and  lubricating 
oil,  lto9 

Lavender,  garden  (artificial) 

Lavender,  spike 

Nutmeg 

Nutmeg  and  lubricating  oil,  1 
to  9 

Origanum 

1 

Pennyroyal,  American 

5 

100 

5  0 

Pennyroyal,  American,  and  lub- 
ricating oil,  1  to  9 

Peppermint 

Sandalwood. .  .  . 

45 

139 

32.4 

Sassafras 

Sassafras,  artificial -.  . 

Sassafras,  artificial,  and  kaolin, 
1  to  3 

Spearmint 

5 

1 

220 
139 

2.3 

Thvme 

.7 

Wormseed 

Miscellaneous  vegetable  materials: 
Angelica  root... 

Cinnamon  powder 

1 

Clove  powder 

2 

200 

1  0 

Clove  powder  and  petrolatum, 

Clove  powder  and  kaolin,  1  to  4. 

Clove  powder  and  kaolin,  1  to  9 

Deer's-tongue  leaves 



Derris  powder 

Derris  powder  and  kaolin.  1  to  9 
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Table  1. — Results  of  chemotropic  tests  with  Musca  domestica,  Lucilia  spp.,  and 
Phormia  regina,  Dallas  and  Uvalde,  Tex. — Continued 


't3 
p 

B 
a 

o 

Musca  domestica 

[ 

Lucilia  spp. 

Phormia  regina 

Compounds 

Number  of 
flies  in— 

•2 

(2 

Number  of 
flies  in — 

.9 

a 
s 

a 

1 

Number  of 
flies  in— 

o 

5 

O 

_C3 

i 

j5 

i 

_c3 

i 

_C3 

'i 

2 

1 
1 

Miscellaneous     vegetable     mate- 
rials—Continued. 
Lupulin  .  .    

1 
1 
1 
6 

2 
1 
2 

4 
6 
2 
2 
8 
10 

3 

10 

2 

2 

2 
16 
4 
3 
1 

1 
4 

2 
4 
16 
10 
9 
1 

4 

2 

7 

2 
6 

7 

2 

2 
4 
2 
2 

2 

2 

2 

2 
2 

2 
2 

43 
165 

87 
103 

13 
101 
33 

5 

0 

47 

59 

5 

174 
174 
174 
345 

143 
174 
118 

195 
37 
167 
349 
369 

24.7 
94.8 
50.0 
29.9 

9.1 

58.0 

.28.0 

2.6 

0 

28.1 
16.9 

1.4 

21 
25 
25 
37 

77 

28 

3 

18 
197 
29 
58 
37 
31 

33 
60 

38 

28 

106 
122 

46 
134 

14 

1 
16 

114 
22 
64 
22 
98 
0 

108 

1 
70 

56 
2 
17 

49 

6 
8 
5 
5 

2 

3 

10 

1 
0 
0 

11  . 

47 
47 
47 
128 

106 
47 
63 

95 
358 

59 
120 
219 
211 

130 
265 

69 

69 

198 
380 

95 
157 

36 

36 
95 

198 
95 
200 
268 
284 
36 

228 

71 
164 

198 
38 
88 

43 

59 
108 
41 
41 

41 

41 

41 

41 

41 

41 
59 

44.7 
53.2 
53.2 

28.9 

73.3 
59.6 
6.7 

18.9 
65.0 
49.2 
48.3 
16.9 
14.7 

26.4 
18.9 

64.4 

47.6 

63.6 
32.1 

48.4 
85.4 
38.9 

2.8 
16.8 

67.6 
23.2 
27.0 

8.2 
34.5 

0 

47.4 

1.4 
42.7 

28.3 
5.3 
19.3 

114.0 

10.2 
7.4 
12.2 
12.2 

4.9 

7.3 

24.4 

2.4 

0 

0 

18.6 

Pennyroyal  leaves 

Peppermint  leaves 

Pyrethrum  powder              

1 

99 

1.0 

Pyrethrum  powder  and  kaolin, 
1  to  9 

Sassafras  bark                 

Wormseed,  American 

Pine  products: 

Pinap    

Pinap  and  mineral  oil,  1  to  9 

Pinap  and  pine  tar  oil,  1  to  1 

Pine  oil,  crude . 

Pine  oil,  refined 

Pine  oil,  pure  steam-distilled 

Pine  oil,  pure  amber  steam- 
distilled 

34 
9 

6 

15 

3 
116 
11 
14 
2 

0 
3 

2 
6 
16 
11 
43 
5 

5 

0 
23 

5 
4 
19 

100 

9 
8 

7 

7 

6 
1 
2 
2 

1 

2 
22 

354 
399 

167 

167 

24 
983 
195 
383 
107 

107 
195 

24 
195 
563 
591 
716 
107 

34 

112 
296 

24 
118 
209 

183 

167 
189 
175 
175 

175 

175 

175 

175 

175 

175 
167 

9.6 
2.3 

3.6 

9.0 

12.6 
11.8 
5.6 
3.7 
1.9 

0 
1.5 

8.3 
3.1 
2.8 
1.9 
6.0 
4.7 

14.7 

0 

7.8 

20.8 
3.4 
9.1 

54.6 

5.4 
4.2 
4.0 
4.0 

3.4 

.6 

1.1 

1.1 

.6 

1.1 
13.2 

Pine  oil  No.  4 

Pine  oil  No.  4  and  refined  tar 
oil,  1  to  1 

Pine  oil  No.  4  and  pine  tar  oil, 
1  to  1 

Pine  oil  No.  4  and  mineral  oil, 
1  to  9      - 

Pine  tar— 

11 

135 

8.1 

Pine  tar  and  borax  1  to  1 

Pine  tar,  borax,  and  kaolin,  1-1-2 

Pine  tar,  borax,  and  petrolatum, 
1-1-2 

Pine  tar,  medium,  and  mineral 
oil,  1  to  9 

Pine-tar,  thin 

Pine-tar  oil 

4 
0 
0 

118 
126 
113 

3.4 

Pine-tar  oil,  commercial 

Pine-tar  oil  refined 

0 
0 

Pine-tar  oil  and  kaolin  1  to  3 

Pine-tar  oil  and  mineral  oil, 
1  to  9 

Pine-tar  oil  and   petrolatum, 
1  to  5 

20 

119 

16.8 

Turpentine,  crude,  and  mineral 
oil  1  to  9 

Wood-tar  oil 

Wood  creosote 

Wood  creosote  and  glycerin,  1 
to  1. 

Mixtures  with  commercial  pine-tar 
oil: 

Pine-tar  oil  and  furfural,  3  to  1 

Pine-tar  oil  and  furfural,  ^  to  1 



Pine-tar  oil,  furfural,  and  cam-' 

Pine-tar  oil,  furfural,  and  creo- 
sote dip,  3-1-1 

Pine-tar  oil,  furfural,  and  fennel 
oil,  3-1-1 . 

Pine-tar  oil,  furfural,  and  safrol 
3-1-1 

Pine-tar  oil,  furfural,  and  arti- 
ficial sassafras  oil,  3-1-1 

Pine^tar  oil,  furfural,  and  s'tar- 

Pine-tar  oil  and  safrol,  1  to  1.... 
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Table  1. — Results  of  chemotropic  tests  with  Musca  domestica,  Lucilia  spp.,  and 
Phormia  regina,  Dallas  and  Uvalde,  Tex. — Continued 


T3 

1 

PI 

1 

o 

Musca  domestica 

Lucilia  spp. 

Phormia  regina 

Compounds 

Number  of 
flies  in— 

o 

1 

Number  of 
flies  in— 

.2 

1 

1 

Number  of 
flies  in— 

.2 

1^ 

_C3 

i 

<D 

o 

5 
1 

0 

i 
i 

Eh 

1 

D 

1 

Mixtures  with  commercial  pine-tar 
oil— Continued. 
Pine-tar  oil  and  safrol,  3  to  1 

4 
2 
2 

4 

2 

2 

2 
2 
3 

1 

2 

1 

3 
4 
2 

4 

4 

1 

2 

0 

5 

0 
63 

189 
175 
175 

181 

167 

175 

175 

175 

175 

523 

107 

112 
107 

1.6 
2.3 
1.1 

2.2 

2.4 

.6 

1.1 

0 

2.9 

10.9 

0 

0 
58.9 

13 
5 

4 

11 
2 
4 
6 

13 
2 

16 
0 
3 

108 
41 
41 

126 
59 
41 
4. 
41 
41 

167 
36 
45 

12.0 
12.2 
9.8 

8.7 

3.4 

9.8 

12.2 

31.7 

4.9 

9.0 

0 

6.7 

Pine-tar  oil  and  safrol,  10  to  1... 

Pine-tar  oil  and  safrol,  20  to  1. 

Pine-tar  oil  and  salicylalde- 
hyde,  3  to  1 

Pine-tar  oil,  safrol,  and  salicylal- 
dehyde,  3-1-1.  _. 

Pine-tar  oil,  safrol,  and  camphor 
sassy,  3-^1-1 

Pine-tar  oil,  safrol,  and  artificial 
sassafras  oil,  3-1-1 

Pine-tar  oil,  safrol,  and  anise 
oil,  3-1-1 

Pine-tar  oil,  safrol,  and  fennel 
oil,  3-1-1 

Coal-tar  creosotes: 
Coal-tar  creosote- 

i 

Coal-tar  creosote  and  kaolin, 
1  to  3     - 

j 

Coal-tar  creosote  and  petrol- 
atum, 1  to  5 

" i 

i 

Miscellaneous:  Bone  meal 

! 

""""T'""" 

In  summarizing  these  tests,  those  in  which  fewer  than  100  flies  of 
the  species  in  question  were  found  in  the  check  jars  have  been  dis- 
regarded, as  the  number  of  flies  present  was  considered  to  be  so 
small  that  chance  entered  too  largely  as  a  factor. 

Tests  of  mixtures  are  also  not  considered  because  these  yielded 
erratic  results.  In  many  cases  a  chemical  diluted  with  kaolin  showed 
a  higher  repellent  value  than  when  used  undiluted.  More  tests  at 
times  when  flies  are  abundant  would  probably  eliminate  these 
inconsistencies. 

With  this  elimination  made  of  the  inconclusive  tests,  Tables  2,  3, 
and  4  show  the  primary  repellents  having  a  coefhcient  of  10  or  less. 


Table  2.- 


-Best  repellents  for  use  against   Musca  domestica   (summarized  from 
Table  1) 


Material 

Percent- 
age ratio 

Material 

Percent- 
age ratio 

Pine  oil,  refined    . 

1.4 
1.5 
1.9 
2.3 
2.6 
2.8 
2.9 
3.1 
3.3 
3.4 
3.4 
3.5 
5.6 

/3-Naphthylethyl  ether. 

5.7 

Pine  tar,  medium 

Pine-tar  oil,  refined.. 

6.0 

Pine-tar  oil,  commercial 

Copper  carbonate 

6.5 

Pine  oil  No.  4                   

Turpentine,  crude 

7.8 

Pinap 

Picric  acid 

7.8 

Pine-tar  oil     

Citroneila  oil    . 

8.1 

Nutmeg  oil                      . 

Hexachloroethane 

8  7 

Pine  tar,  thin 

Coriander  oil 

8.8 

8.8 

Camphor  oil           .  . 

Wood  creosote 

9  1 

Wood-tar  oil 

9.3 

Pine  oil,  pure  amber,  steam  distilled 

Rose  geranium  oil 

9.6 

Pine  tar,  heavy 

9  8 
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Table  3. — Best  repellents  for  use  against  Lucilia  spp.  (summarized  from  Table  1) 


Material 


p-Xylyl  bromide 

Coriander  oil 

Chloroacetophenone. 


Percent- 
age ratio 


0 

5.1 

5.5 


Material 


Pine-tar  oil,  commercial. 

Coal-tar  creosote 

Artificial  sassafras  oil 


Percent- 
age ratio 


8.2 
9.0 
9.4 


Table   4. — Best  repellents  for  use  against  Phormia  regina.     (Summarized  from 

Table  1) 


Material 

Percent- 
age ratio 

Material 

Percent- 
age ratio 

0 

S.7 
.7 
1.0 
1.2 
L4 
2.0 
2.2 
2.3 
3.0 

3.0 

Pine-tar  oil,  refined                    -.    

Pine-tar  oil 

3.4 

Allyl  isothiocyanate 

American  pennyroyal  oil 

5.0 

Thyme  oil  _     

b-Naphthylethyl  ether. 

5.0 

Clove  powder 

Dimethylaniline 

5.3 

Pyridine 

Rose-geranium  oil 

5.8 

6.5 

Chloroacetophenone 

Clove  oil 

6.8 

7.9 

Spearmint  oil                          -- 

Methyl  salicylate    .. 

8.2 

Salicylaldehyde 

Pine  tar 

8.1 

DISCUSSION  OF  THE  RESULTS 

A  close  comparison  of  the  reaction  of  the  flies  to  the  various  ma- 
terials is  not  possible  on  account  of  the  very  great  difference  in  the 
relative  abundance  of  the  different  species  at  the  times  the  tests  were 
made.  Table  1  shows  that  of  192  tests  there  were  only  167  in  which 
as  many  as  100  of  Musca  domestica  were  found  in  the  check  jars; 
similarly,  in  only  93  tests  were  100  or  more  of  Lucilia  spp.  found  in 
the  check  jars,  and  in  only  40  tests  were  that  number  of  Phormia 
regina  found  in  the  check  jars. 

In  studying  Table  1  it  is  noted  that  Lucilia  spp.  has  a  higher  per- 
centage ratio  with  the  materials  that  are  listed  as  best  repellents  for 
M.  domestica  and  P.  regina  than  do  these  flies.  The  materials  that 
made  the  baits  more  attractive  to  M.  domestica  did  not  increase  the 
attractiveness  to  Lucilia  spp.  to  so  great  an  extent  as  to  M.  domestica. 
This  probably  indicates  that  Lucilia  spp.  is  not  so  chemo tropically 
sensitive  as  the  other  flies.  One  species  may  be  repelled  to  a  great 
extent  by  a  material  added  to  the  baits  while  another  is  attracted.  In 
this  series  of  tests  bromoform  had  a  repellent  ratio  of  22.7  for  P. 
regina,  while  the  ratio  for  Lucilia  spp.  was  111.5  and  for  M.  domestica 
211.2.  Bromoform  had  a  repellent  ratio  of  51.0  for  Cochliomyia 
macellaria.     (See  Department  Bulletin  1472,  page  8.) 

ATTRACTANTS 

If  those  materials  in  the  tests  in  which  less  than  100  flies  of  the 
species  under  observation  were  found  in  the  check  jars  (Table  1)  are 
omitted,  only  geraniol  increased  the  attractiveness  of  the  bait  for 
Phormia  regina,  and  that  only  slightly.  Only  one,  bromoform, 
made  the  bait  more  attractive  for  L/acilia  spp.  As  shown  separately 
in  Table  5,  however,  at  least  seven  of  the  materials  when  added  to  the 
bait  increased  the  attractiveness  for  Musca  domestica. 
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Table  5. — Material  which  increased  the  attractiveness  of  the  baits  to  Musca  domestica 


Material 

Percentage 
ratio      ! 

Material 

Percent- 
age ratio 

Bromoforra. 

211.  2   ': 

172. 1  1 
143. 1  ! 
137.8  : 

Formaldehyde.. 

136.6 

131.3 

Chloroform 

Arsenic  solution 

116.5 

Butyraldehyde 

Although  the  data  here  recorded  might  vary  to  a  considerable  ex- 
tent from  those  of  another  series  of  like  tests  run  at  a  different  time  and 
place,  it  is  felt  that  they  are  indicative  of  what  may  be  expected  in 
further  work  along  this  line.  They  have  been  found  useful  in  tests  of 
field  treatments  for  screw  worms,  and  in  work  in  trapping  Hippelates, 
which  will  be  reported  in  other  papers. 

SUGGESTIONS  OF  PRACTICAL  IMPORT 

Clove  oil  and  clove  powder  are  repellent  to  all  four  species  of  flies. 
These  have  been  mixed  with  vegetable  oils  and  used  with  good  results 
in  protecting  fresh  meats  at  camps.  The  mixtures  were  mopped  over 
the  meat  and  the  excess  wiped  off  when  the  meat  was  used.  Other 
uses  may  be  suggested  by  consulting  the  tables  in  this  bulletin  and  in 
Department  Bulletin  1472.  By  studying  the  ratios  of  flies  visiting 
jars  each  day  and  the  daily  ratios  of  infestations,  as  shown  in  Table 
1  of  Bulletin  1472,  some  idea  can  be  gained  as  to  the  most  desirable 
material  to  use.  These  ratios  show  that  some  of  the  materials  repelled 
all  flies  during  the  first  or  the  first  and  second  days  of  exposure,  but 
were  less  effective  later,  and  in  consequence  are  indicated  as  rather 
poor  repellents  for  the  entire  period.  These  results  show  that  pine- 
tar  oils  are  strongly  repellent  to  the  species  of  flies  dealt  with,  and  there- 
fore lend  force  to  the  recommendations  contained  in  Farmers'  Bulletin 
857,  in  which  commercial  pine-tar  oil  is  advised  as  a  dressing  for 
the  protection  of  wounds  on  animals  from  screw-worm  and  other 
blowflies. 

Several  of  the  essential  oils,  pine  oils,  pine-tar  oils,  and  a  few  of  the 
pure  chemicals  have  been  found  to  be  fairly  effective  when  lightly 
sprayed  on  vegetation  or  other  objects  and  into  the  air  about  the 
camp  site  while  meals  were  being  prepared  and  served  or  while  the 
occupants  of  the  camp  were  at  rest.  The  steam-distilled  pine  oils 
have  been  found  to  be  effective  in  destroying  the  adults  of  some 
species  of  flies  when  sprayed  as  a  mist  over  the  flies  or  in  closed  rooms 
or  barns  containing  them.  These  oils  are  probably  somewhat  toxic 
to  man,  as  on  some  occasions  severe  headaches  have  developed  after 
prolonged  use  of  such  oil  sprays. 

Some  of  the  materials  may  be  found  useful  in  preserving  bodies 
after  catastrophes  or  in  war  times  by  preventing  flies  from  breeding 
in  them,  and  in  treating  carcasses  harboring  infectious  diseases,  to 
prevent  the  spread  of  such  diseases  by  flies.  The  ratios  of  emergence 
from  infested  jars  presented  in  Bulletin  1472  indicate  the  larvicidal 
values  of  the  materials  many  of  which  are  the  same  as  those  tested  in 
the  present  work. 

The  results  of  the  present  work  indicate  that  some  materials  may 
be  added  to  baits  to  make  them  more  effective  in  traps  or  as  poisons. 
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SUMMARY 

Continuing  the  studies  on  repellents  which  have  been  carried  on  by 
the  writers  for  some  years,  the  results  of  which  have  been  published 
from  time  to  time,  tests  were  made  in  Texas  at  Dallas  and  Uvalde  to 
determine  the  chemotropic  responses  of  Musca  domestica,  Lucilia 
spp.,  and  Phormia  regina  to  a  number  of  organic  and  inorganic 
materials,  alone  and  in  combinations.  One  hundred  and  ninety  two 
of  the  tests  have  been  presented  in  tabular  form  and  briefly  discussed. 

Lucilia  spp.  apparently  are  not  so  chemo tropically  sensitive  as  the 
other  flies.  It  was  noted  that  one  species  might  be  attracted  by  a 
material  added  to  the  bait  whereas  another  is  repelled  by  it. 

Pine-tar  oils  rank  high  in  repellent  value  against  all  of  the  flies  dis- 
cussed herein. 

Only^  geraniol  was  found  to  increase  the  attractiveness  of  the  bait 
for  Phormia  regina,  bromoform  made  the  bait  more  attractive  for 
Lucilia  spp.,  and  seven  other  materials  made  it  more  attractive  for 
Musca  domestica. 

Clove  oil  and  clove  powder  are  used  for  protecting  fresh  meat  at 
camps.  Some  of  the  materials  have  been  used  for  repelling  or  de- 
stroying flies  that  were  annoying  at  camps  or  in  buildings.  Other 
materials  tested  might  be  used  in  protecting  bodies  from  flies  in  times 
of  war  or  catastroohe. 
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INTRODUCTION 

The  storage  of  water  for  irrigation  has  made  possible  the  present 
irrigation  development  of  those  sections  of  the  arid  West  where  the 
natural  stream  flows  are  not  suflSicient  at  all  times.  The  loss  by 
evaporation  from  reservoirs  used  for  the  storage  of  water  materially 
reduces  the  quantity  available  for  irrigation.  This  loss  is  largely 
unavoidable,  but  a  knowledge  of  its  magnitude  and  of  the  factors 
that  influence  evaporation  is  desirable  for  use  in  devising  means  of 
reducing  such  losses,  in  estimating  the  available  supply  from  existing 
reservoirs,  and  in  determining  the  economic  feasibility,  from  the 
standpoint  of  evaporation  losses,  of  proposed  reservoirs. 

1  Prepared  under  the  direction  of  W.  W.  McLaughlin,  Chief,  Division  of  Irrigation. 
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Observations  on  a  sunken  tank  3  feet  square  were  started  by  the 
Colorado  Agricultural  Experiment  Station  in  1887  and  have  been 
carried  on  continuously.  As  the  complexity  of  the  problem  became 
apparent,  supplemental  experiments  were  performed,  and  in  1920  an 
intensive  study  of  the  evaporation  problem  was  started  under  a 
cooperative  agreement  between  the  Colorado  Agricultural  Experi- 
ment Station  and  the  Division  of  Agricultural  Engineering  of  the 
Bureau  of  Public  Roads.  This  study  has  had  for  its  objects  the 
determination  of  the  factors  that  cause  evaporation,  the  derivation 
of  the  general  law  under  which  these  factors  operate,  and  the  evalua- 
tion of  the  relation  between  evaporation  as  it  takes  place  from  various 
types  of  standard  evaporation  tanks  and  as  it  is  found  to  occur  from 
a  large  water  surface. 

The  investigations  reported  in  this  bulletin  were  begun  by  R.  L. 
Parshall,  irrigation  engineer,  but  were  later  transferred  to  the  author. 
Since  1926  L.  R.  Brooks,  assistant  in  irrigation  engineering,  Colorado 
Agricultural  Experiment  Station,  has  been  engaged  on  the  project 
continuously. 

NOTATION  AND  FORMULAS 

NOTATION 

The  following  notation  and  basic  formulas  are  employed  in  this 
bulletin : 

£^=  evaporation  in  inches  per  24  hours. 

i8=mean  temperature  of  the  water  surface  in  degrees  Fahrenheit. 

<a=mean  temperature  of  the  air  1  inch  above  the  water  surface  in  degrees 

Fahrenheit. 
es=mean  vapor  pressure  of  saturated  vapor  at  the  temperature  of  the 

water  surface,  in  inches  of  mercury. 
ed=mean  vapor  pressure  of  saturated  air  at  the  temperature  of  the  dew 

point,  in  inches  of  mercury. 
C=  coefficient  of  the  function. 

W=mean  velocity  of  ground  wind  or  water-surface  wind  in  miles  per  hour.. 
Af= slope  of  the  lines  used  in  deriving  the  formulas. 
i2  =  ratio  of  the  observed  to  the  computed  evaporation. 
J5=mean  barometer  reading,  in  inches  of  mercury  at  32°  Fahrenheit. 

FORMULAS 

E^M  (e*— Cd),  (1)  page  11. 
M=0.08  («a-fa+3)^  (2)  page  11. 
£^=0.08  (ia-«a+3)^  (e«-ed),  (3)  page  11. 

JS^=0.43  {e^—ei)  for  wind  velocity  of  0  miles  per  hour,  (4a)  page  21. 
£^=0.64  (e«— Cd)  for  wind  velocity  of  1.5  miles  per  hour,  (4b)  page  21. 
£J=0.88  (es—ed)  for  wind  velocity  of  3.4  miles  per  hour,  (4c)  page  21. 
£^=1.08  {e^—ed)  for  wind  velocity  of  5.4  miles  per  hour,  (4d)  page  21. 
ii^=1.36  (es—Cd)  for  wind  velocity  of  8.3  miles  per  hour,  (4e)  page  21. 
£^=1.90  (es  —  ed)  for  wind  velocity  of  11.8  miles  per  hour,  (4f)  page  21. 
C=(0.44  +  0.118  W),  (5)  page  21. 
^=(0.44+0.118  W)  (e,-ed),  (6)  page  21. 
E=C  (es-ed),  (7)  page  21. 
i2=  (1.439-6.0186  B),  (8)  page  41. 
fl=  (1.465-0.0186  B),  (9)  page  42. 

^=(1.465-0.0186  B)  (0.44  +  0.118  W)  (e«-ed),  (10)  page  42. 
£;=0.77l  (1.465-0.0186  B)  (0.44  +  0.118  W)  (e.-fid),  (11)  page  78. 

The  computations  necessary  in  obtaininc;  the  results  reported  in 
this  bulletin  were  made  almost  exclusively  with  the  slide  rule.  Errors 
of  one  or  two  units  in  the  last  place  are  to  be  expected  in  the  results, 
but  these  differences  are  small  in  proportion  to  the  errors  of  observa- 
tion. 
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EVAPORATION  FROMULAS  DEVELOPED  BY  PREVIOUS 
INVESTIGATORS 

The  fundamental  law  of  evaporation  from  a  free  water  surface  was 
discovered  by  JDalton  (8,  p.  574-^90)'  in  1802.  Many  experimenters, 
have  attempted  to  determine  the  mathematical  formula  expressing- 
the  relation  discovered  by  Dalton,  but  the  difficulty  of  measuring- 
accurately  the  evaporation  losses  during  time  intervals  sufficiently 
short  to  insure  constancy  of  the  meteorological  conditions  introduced 
errors  that'  overshadowed  the  effects  of  the  variables.  Moreover, 
the  complex  nature  of  evaporation  phenomena  and  the  large  number 
of  variables  involved  rendered  difficult  Jbhe  interpretation  of  observed 
results. 

While  the  results  obtained  by  the  investigators  who  have  attempted 
to  develop  a  general  evaporation  formula  have  been  disappointing, 
several  of  these  formulas  deserve  mention.  In  discussing  them  the 
terminology  used  elsewhere  in  the  bulletin  is  followed  where  possible ; 
where  new  terms  are  necessary  or  the  significance  of  the  terms  used 
is  different,  their  meaning  is  explained. 

Fitzgerald  (11,  p.  590,  6?i i),. working  m  Boston  (1876-1887),  made  a 
very  careful  and  complete  series  of  observations  on  evaporation  both 
under  controlled  conditions  in  the  laboratory  and  under  natural  con- 
ditions outside.   ^He  proposed  the  formula 

£'=(0.40  +  0.199  W)  {e,-ea) 

which  is  quite  similar  to  formula  6,  p.  21.  The  principal  difference  is 
in  the  wind  factor.  Fitzgerald  made  no  correction  for  the  effect  of 
altitude,  but  he  concluded  from  his  experiments  that  evaporation 
should  increase  with  the  altitude  if  other  conditions  remained  the 
same. 

Carpenter  {5,  p.  50-52)  carried  on  experiments  in  1887  on  a  sunken 
tank  3  feet  square  at  the  Colorado  Agricultural  College  to  determine 
constants  for  the  Fitzgerald  formula  applicable  to  western  conditions. 
From  these  experiments  he  derived  the  formula 

£=(0.39  +  0.187  W)  {e,-ea) 

which  does  not  differ  materially  from  Fitzgerald's  formula. 

From  observations  on  the  evaporation  from  Piche  evaporimeters  at 
18  Weather  Bureau  stations  distributed  over  the  United  States, 
Russell  {29),  in  1888,  derived  the  evaporation  formula 

^_[(1.96  6«,  +  43.88)  {e,r-ea)] 
^  B 

in  which  ey,  is  the  vapor  pressure,  in  inches  of  mercury,  corresponding 
to  the  mean  wet-bulb  temperature.  This  formula  takes  into  account 
the  barometric  pressure  but  not  the  wind  velocity.  The  constants  in 
the  formula  were  intended  to  take  account  of  the  average  wind 
velocity,  and  consequently  the  formula  is  at  best  only  an  approxima- 
tion. 

The  Stelling  {33)  formula, 

£=(0.8424  +  0.01056  W)  {e,-ea), 


» Italic  numbers  in  parenthesis  refer  to  Literature  Cited,  p.  95. 
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based  on  pan  experiments  in  Russia  (1875-1882),  is  in  metric  units. 
The  evaporation  E  and  the  difference  in  vapor  pressure  e^—ea  are 
in  millimeters,  and  the  wind  velocity  W  is  in  meters  per  second. 
This  formula  gives  results  that  are  too  large. 

The  most  complete  series  of  evaporation  experiments  ever  made 
was  conducted  by  Bigelow  {3)  (1907-1910)^  for  the  United  States 
Weather  Bureau.  Bigelow  made  his  observations  at  Reno,  Nev.,  and 
at  the  Salton  Sea  in  California.  He  collected  a  great  mass  of  evapo- 
ration data  and  developed  the  formula 

^=0.138  |.^  (1  +  0.07  T^) 

in  which  the  evaporation  E  is  in  centimeters  per  24  hours,  the  vapor 
pressures  6s  and  e^  are  in  millimeters,  and  the  wind  velocity  W  is  in 

de 
kilometers  per  hour.    The  term  -j^  is  the  rate  of  change  in  the  max- 
imum vapor  pressure  with  temperature.    Although  this  formula  is 
based  on  very  complete  experimental  data,  few  engineers  have  ac- 
cepted it. 

From  a  theoretical  study  and  the  results  of  observations,  Horton 
{18)  in  1917  developed  the  formula 

E=C{^Pe~ea) 

in  which  (7  is  a  coefficient  that  depends  on  the  size  of  the  tank  and 
^  is  a  factor  that  takes  care  of  the  wind.  From  a  theoretical  stand- 
point this  formula  is  worthy  of  consideration,  but,  as  the  values  of  the 
constants  in  the  formula  have  not  been  definitely  determined,  the 
practical  value  of  the  formula  is  small. 
The  evaporation  formula 

£'=(0.5  +  0.05  W)  {Cs-ea) 

was  developed  independently  by  Meyer  {25,  p.  1064-1081),  in  1915, 
and  Freeman  {14,  p.  123,  134-137)  in  1926.  Here  W  is  the  wind 
velocity  as  measured  by  the  Weather  Bureau,  and  if  it  is  assumed  that 
this  is  about  two  and  one-half  times  that  of  the  ground  wind,  this 
formula  agrees  quite  closely  with  formula  6. 

Cummings  and  Richardson  (7),  working  on  the  theory  that  evap- 
oration is  a  function  of  the  insolation,  propose  the  formula 

^    {H-S-O 
^~  L  {l  +  R) 

in  which  E  is  the  evaporation,  H  the  net  radiation,  S  the  heat  stored 
in  a  column  of  water  of  unit  cross  section,  C  a  correction  for  the  inter- 
change of  heat  through  the  walls  surrounding  the  water,  L  the  latent 
heat  of  water,  and  R  Bowen's  ratio.  This  formula  is  independent  of 
the  wind  but  contains  terms  that  are  affected  by  the  altitude.  Exper- 
iments are  being  conducted  at  present  to  determine  the  constants  of 
this  formula,  and  the  experimental  results  so  far  obtained  are  reported 
to  be  very  satisfactory. 
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The  Carnegie  Institute  has  published  a  bulletin  on  evaporation  by 
Folse  {12,  p.  1-130)  in  which  the  formula 

E^{e,-ea)  [0.319  +  0.358  (TF- 10.8)] 

is  developed  as  the  result  of  a  statistical  study  of  the  gauge  heights 
of  Lake  Superior,  Lake  Michigan,  and  Lake  Huron,  corrected  for 
rainfall,  inflow  and  outflow,  barometric  pressure,  and  wind  velocity. 
In  this  formula  only  the  positive  values  of  the  term  (T^—  10.8)  are 
considered;  that  is,  it  is  assumed  that  winds  of  less  than  10.8  miles 
per  hour  have  no  effect  on  evaporation.  This  does  not  seem  a  rea- 
sonable assumption  and  is  contrary  to  the  experimental  results 
obtained  from  evaporation  pans. 

The  foregoing  formulas  are  the  results  of  careful  analyses  of  a  lar^e 
amount  of  experimental  data.  Just  why  a  more  satisfactory  formula 
has  not  resulted  is  not  known,  unless  it  is  because  of  the  unavoidable 
inaccuracies  in  experimental  evaporation  data. 

To  overcome  the  diflaculties  encountered  by  previous  investigators 
it  was  decided  that  the  preliminary  studies  of  the  problem  should  be 
made  under  controlled  conditions  in  the  laboratory  where  it  would 
be  possible  to  make  relatively  accurate  observations,  and  v/here  some 
of  the  variables,  such  as  wind  and  precipitation,  could  be  controlled 
or  eliminated.  Additional  experiments,  the  need  for  which  became 
apparent  during  the  progress  of  the  w^ork,  w^ere  made  either  in  the 
laboratory  or  under  natural  conditions  as  seemed  best  for  the  solution 
of  the  particular  problem. 

STILL-AIR  OBSERVATIONS 

EQUIPMENT 

The  equipment  used  in  the  preliminary  studies  consisted  of  an 
evaporation  tank,  an  optical  evaporimeter,  an  aspiration  psychrome- 
ter,  a  mercurial  barometer,  and  two  accurate  thermometers  for  taking 
temperatures  of  the  air  and  water.  The  equipment  was  installed 
inside  the  laboratory  in  the  calibration  tank  built  for  the  volumetric 
measurement  of  the  discharge  from  water-measuring  devices.  This 
tank  is  27  by  23.5  feet  in  plan,  and  8.5  feet  deep.  The  walls  and  floor 
are  of  concrete,  and  the  only  openings  in  the  walls  are  the  outlet 
gates  which  were  kept  closed.^  The  equipment  as  installed  is  shown 
in  Plate  1. 

The  evaporation  tank  was  3  feet  square  and  10  inches  deep.  It 
was  made  of  heavy  galvanized  iron  and  the  top  was  reinforced  by 
flat  iron  bars  2  inches  wide,  firmly  bolted  to  the  walls  on  the  inside. 
These  bars,  in  addition  to  strengthening  the  top  of  the  tank,  made  it 
possible  to  measure  the  dimensions  of  the  tank  vdth  a  high  degree 
of  accuracy.  The  tank  was  supported  on  concrete  pedestals  5  inches 
high,  as  shown  in  Plate  1,  A. 

The  optical  evaporimeter,  for  making  accurate  measurements  of 
extremely  small  evaporation  losses,  operated  on  the  principle  of  the 
optical  lever.  It  consisted  of  a  cylindrical  brass  float  connected  by 
parallel  arms  with  a  pivot  bar  supported  on  needle  points  firmly 
attached  to  a  concrete  pedestal  placed  close  to  the  evaporation  tank, 
an  adjustable  mirror  attached  to  the  center  of  the  pivot  bar,  a  teles- 
cope with  its  line  of  collimation  intersecting  the  mirror,  and  a  scale 
graduated  in  inches  and  tenths  and  so  placed  that  its  image  was 

»  For  a  more  detailed  description  of  the  laboratory  see  {6). 
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visible  in  the  mirror  when  viewed  through  the  telescope.  Plate  1,  B 
shows  the  mirror  and  float.  The  scale  was  illuminated  to  make  it 
visible  at  night  and  to  render  the  graduations  distinct  in  the  daytime. 
The  length  of  the  supporting  arms  of  the  float  and  the  distance  of 
the  scale  from  the  mirror  determined  the  magnification.  These 
lengths  varied  from  0.25  to  0.5  foot  for  the  supporting  arms,  and 
approximately  from  50  to  75  feet  for  the  scale  distance.  The  first 
observations  were  made  with  the  use  of  plate  glass  as  the  mirror,  but 
on  account  of  the  double  image  from  the  two  faces  the  mirror  was 
later  replaced  by  a  carefully  ground  speculum  metal  mirror  which 
gave  complete  satisfaction. 

The  optical  evaporimeter  was  calibrated  by  adding  known  volumes 
of  water  to  the  tank.  With  a  knowledge  of  the  volume  of  the  water 
added,  the  area  of  the  tank,  and  the  dift'erence  in  the  scale  deflections 
before  and  after  adding  the  water,  it  was  easy  to  compute  the  con- 
stant of  the  evaporimeter.  The  value  for  each  0.01  inch  of  scale 
ranged  from  0.000016  to  0.000060  inch,  depending  on  the  length  of 
the  float  arm  and  the  scale  distance. 

The  calibrations  were  made  small  increments  over  the  entire  range 
of  the  scale.  The  values  obtained  usually  agreed  quite  closely,  but 
occasionally  a  single  value  was  considerably  in  error.  The  large 
errors  occurred  when  small  quantities  of  water  were  added  to  the 
evaporation  tank.  The  average  maximum  deviation  from  the  mean 
values  of  the  constants  for  29  calibrations,  excluding  those  observa- 
tions made  for  special  purposes  and  one  observation  that  was  manifestly 
in  error,  was  between  4  and  5  per  cent,  although  for  11  of  the  cali- 
brations the  maximum  deviation  from  the  mean  was  2  per  cent  or  less. 

The  aspiration  psychrometer,  an  adaptation  of  the  Assmann  psy- 
chrometer  (1),  was  developed  to  determine  the  vapor  pressure'* 
of  the  air  near  the  water  surface.  The  apparatus  (pi.  1)  consisted 
of  wet  and  dry  bulb  thermometers  graduated  in  tenths  of  a  degree 
and  fixed  inside  a  1%-inch  clear  glass  tube  which  was  connected  by  a 
l}^-inch  pipe  to  a  suction  fan  so  located  that  the  wind  from  the  fan 
would  not  disturb  the  water  surface  of  the  evaporation  tank.  The 
glass  tube  containing  the  thermometers  was  supported  above  the 
evaporation  tank,  and  by  means  of  a  short  pipe  attached  to  the 
tube  and  extending  within  an  inch  of  the  water  surface  it  was  possible 
to  draw  air  from  near  the  water  surface.  The  suction  fan  was  tested 
to  show  that  it  developed  an  air  velocity  past  the  thermometers  at 
least  equal  to  the  velocity  recommended  for  sling  psychrometers 
(23,  p.  9-10,  15-56).  The  wet-bulb  covering  was  kept  moist  by 
a  small  wick  leading  from  a  water  reservoir  outside  the  glass  tube. 

During  the  first  season's  observation,  simultaneous  aspiration- 
psychrometer  and  sling-psychrometer  readings  were  taken  frequently. 
Comparison  of  the  results  of  these  observations  showed  that  the 
vapor  pressures  computed  from  the  sling-psychrometer  readings  were 
consistently  lower  than  those  computed  from  the  aspiration-psy- 
chrometer  readings,  the  mean  deviation  of  the  observations  being 
4.08  per  cent.     It  was  noted  that  the  dry-bulb  temperature  of  the 

♦  The  vapor  pressure  of  the  air  is  the  pressure  exerted  when  water  is  introduced  into  a  closed  vessel  filled 
with  air  and  allowed  to  evaporate.  It  varies  with  the  temperature  and  the  percentage  of  saturation  of  the 
air.  The  increase  in  pressure  indicated  by  a  mercury  manometer  attached  to  the  closed  vessel  is  the 
measure  of  the  vapor  pressure.  The  pressure  increases  with  evaporation  until  a  condition  of  equilibrium 
is  reached  when  no  more  water  will  evaporate.  The  pressure  then  indicated  is  the  vapor  pressure  of 
saturated  air.  If  there  is  not  sufQcient  water  to  saturate  the  air,  the  pressure  increase  will  be  in  proportion 
to  the  percentage  of  saturation  or  the  relative  humidity. 
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Plate  l 


A,  General  arrangement  of  apparatus  used  in  still-air  evaporation  experiments  (the  transit  was  used 
in  reading  the  thermometers;  the  telescope  for  reading  the  evaporimeter  scale  is  not  shown);  B, 
optical  evaporimeter,  modified  Assmann  psychrometer,  thermometers,  and  tank  used  in  still-air 
evaporation  experiments 
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Plate  2 


A,  Arranjiciiieiil  of  apparatus  lor  coiiiparisoii  of  Alluard  dew-point  hygrometer  readings  with  aspi- 
ration and  sling-psychrometer  readings;  B,  apparatus  used  in  conducting  controlled-wind 
evaporation  experiments.    Wind  tunnel  raised  to  permit  making  observations 
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sling  psychrometer  was  higher  in  every  instance  than  the  dry-bulb 
temperature  of  the  aspiration  psychrometer,  and  that  the  difference 
between  the  wet  and  dry  bulb  temperatures  was  also  consistently 
higher  for  the  sling  psychrometer.  It  was  impossible  to  take  the 
sUng-psychrometer  readings  at  the  water  surface,  and  since  the  dry- 
bulb  temperatures  were  different  at  the  point  where  the  sling- 
psychrometer  readings  were  taken,  it  is  probable  that  part  of  the 
difference  in  vapor-pressure  results  was  due  to  the  difference  in  the 
temperature  and  humidity  at  the  two  points. 

In  1923,  a  series  of  observations  was  made  for  the  purpose  of  com- 
paring the  results  from  the  sling  and  aspiration  psychrometers  with  the 
results  from  an  Alluard  dew-point  hygrometer  (^7,  f.  167-168).  The 
apparatus  for  the  test  is  shown  in  Plate  2,  A.  Some  difficulty  was  at 
first  experienced  in  manipulating  the  dew-point  hygrometer,  but  after 
the  technic  was  learned  consistent  results  were  obtained.  Vapor  pres- 
sures computed  from  the  aspiration  and  sling-psych rometer  readings, 
as  shown  in  Table  1,  were  consistently  higher  than  those  obtained 
from  the  dew-point  hygrometer  readings,  the  average  difference  being 
about  3  per  cent.  The  small  aspiration  psychrometer  referred  to  in 
Table  1  was  similar  to  the  large  psychrometer  and  differed  only  in  the 
length  and  sensitiveness  of  the  thermometers  used.  It  was  employed 
only  in  making  observations  under  outside  conditions.  An  attempt 
was  made  to  check  the  aspiration  psychrometer  by  direct  measurement 
of  the  absolute  humidity  by  means  of  the  absorption  hygrometer,  but 
satisfactory  results  could  not  be  obtained. 

Table  1. — Comparison  of  vapor  pressures  determined  by  aspiration  and  sling  psy- 
chrometers, with  vapor  pressures  determined  by  Alluard  dew-point  hygrometer 


Date 


Aug.  6, 1923— 

Do 

Do 

Aug.  8, 1923... 

Do 

Do 


Alluard  dew-point  hygrometer 


Temperature 


Dew  point 


Dew 
on 


o  p 

158.91 

161.2 

61.8 

59.1 

58.7 

163.55 


Dew 

off 


Mean 


o  p^ 

158.84 


161.2 
61.8 
59.3 


61.2 
61.8 
59.2 
59.0 
163.75:    63.65 


Air 


op 

69.6 
71.1 
71.1 
71.1 
70.6 


Vapor 
pres- 
sure 


Inch  of 
mer- 
cury 

0.497 


.551 
.503 


.588 


Psychrometer 


Type 


(Large  aspiration.. 
Small  aspiration. . 
Sling 

(Large  aspiration.. 
•{Small  aspiration.. 

ISling 

Large  aspiration.. 
Small  aspiration.. 

ISling 

Large  aspiration.. 
Small  aspiration.. 
ISling 

{Large  aspiration . . 
Small  aspiration.. 
Sling.. 

i Large  aspiration.. 
Small  aspiration.. 
Sling 


Temperature 


Wet 
bulb 


o  p 

62.9 
63.1 
63.5 
64.7 
65.1 
65.4 
65.0 
66.0 
65.5 
63.9 
63.8 
64.2 
63.7 
63.4 
64.0 
66.8 
66.5 
67.0 


Dry 
bulb 


op 

69.  e 
70.0 
70.8 
71.1 
71.5 
72.6 
7L3 
72.0 
72.2 
70.8 
71.1 
7L8 
70.6 
70.7 
7L1 
72.7 
73.1 
73.8 


Dif- 
fer- 


6.7 
6.9 
7.3 
6.4 
6.4 
7.1 
6.3 
6.0 
6.7 
6.9 
7.3 
7.6 
6.9 
7.3 
7.1 
5.9 
6.6 
6.8 


Vapor 
pres- 
sure 


Inch  of 
mer- 
cury 
0.612 
.514 
.518 
.651 
.559 
.560 
.558 


.530 
.524 
.529 


.516 
.530 


Devia- 
tion 
from 
hygrom- 
eter 

vapor 


Per  cent 
+3.0 
-i-3.4 
+4.2 
+2.2 
+3.7 
+3.9 
+1.3 
+5.8 
+2.7 
+6.4 
+4.2 
+5.2 
+5.4 
+3.4 
+6.2 
+2.4 
+.2 
+1.9 


Mean  deviation,  large  aspiration  psychrometer.. 
Mean  deviation,  small  aspiration  psychrometer. 

Mean  deviation,  sling  psychrometer 

» Mean  of  in  readings. 


Per  cent 
...  +3.3 

...  +3.4 
—  +4.0 
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Although  small  variations  in  atmospheric  pressure  apparently  have 
no  effect  on  evaporation,  a  barometer  record  was  kept  to  make  pos- 
sible a  comparison  with  the  results  obtained  at  different  altitudes. 
For  this  purpose  a  mercurial  barometer  was  used  which,  as  shown  in 
Plate  1,  A,  was  mounted  near  the  evaporation  tank. 

The  thermometers  for  determining  the  temperature  of  the  air  and 
the  water  were  similar  to  those  used  in  the  psychrometer.  They  were 
approximately  24  inches  long  and  were  graduated  into  tenths  of 
degrees  from  20°  to  120°  F.  According  to  the  manufacturer,  the  cali- 
bration errors  in  these  thermometers  were  negligible.  They  were  later 
compared  with  a  thermometer  of  the  same  length  and  quality,  cali- 
brated by  the  United  States  Bureau  of  Standards,  and  it  was  found 
that  the  calibration  errors  were  less  than  the  experimental  errors  in 
the  method  used.  In  making  evaporation  observations,  the  ther- 
mometers were  held  in  place  by  adjustable  clamps  attached  to  a  stand- 
ard near  the  tank  so  that  the  bulb  of  the  water  thermometer  was  just 
beneath  the  surface  and  the  bulb  of  the  air  thermometer  1  inch  above  it. 

The  water  used  in  the  evaporation  tank  was  drawn  from  the  munici- 
pal supply  and  was  fairly  pure.  The  total  solids  amounted  to  about 
50  parts  per  million.  After  a  few  days  a  film  formed  on  the  water 
surface  which,  it  was  thought,  might  affect  the  results;  therefore  at 
the  beginning  of  each  series  of  tests  the  film  was  removed  by  skim- 
ming. After  cleaning  the  water  surface  several  hours  usually  elapsed 
before  the  evaporimeter  float  reached  a  condition  of  equilibrium;  con- 
sequently, after  a  series  of  observations  was  once  started  all  disturb- 
ance of  the  water  in  the  tank  was  avoided. 

OBSERVATIONS 

The  still- air  observations  in  the  laboratory  were  started  in  1920  and 
were  carried  on  intermittently  until  1925.  A  total  of  878  observa- 
tions were  made.  Observations  were  taken  hourly  in  order  to  reduce 
to  a  minimum  the  variation  in  the  influencing  factors  in  the  interval 
between  readings.  At  first,  observations  were  made  only  during  the 
day,  but  it  was  soon  noticed  that  this  procedure  did  not  give  reliable 
results.  By  the  time  the  equipment  attained  equilibrium  after  the 
preliminary  adjustment  in  the  morning,  half  the  period  was  gone,  so 
this  method  was  abandoned.  By  extending  the  series  over  periods 
from  24  to  36  hours  in  length,  more  reliable  results  were  obtained,  and 
a  wider  range  of  conditions  was  encountered. 

A  definite  routine  was  observed  in  making  the  observations  in 
order  to  reduce  the  possibility  of  error  and  to  render  the  results  com- 
parable to  those  made  under  different  meteorological  conditions.  All 
readings  were  taken  at  the  beginning  and  at  the  end  of  each  observa- 
tion, but  except  for  the  time  and  scale  readings  the  observations  for 
the  end  of  one  test  served  for  the  beginning  of  the  next.  This  method 
eliminated  from  the  evaporation  results  the  effect  of  the  disturbance 
created  by. the  observations  and  was  particularly  necessary  under 
still-air  conditions  when  even  the  slightest  agit^-tion  of  the  water 
surface  upset  the  equihbrium  of  the  apparatus.  In  making  the 
readings,  the  time  was  taken  to  the  nearest  tenth  of  a  minute.  The 
evaporimeter  scale  was  read  directly  to  tenths  and  was  estimated  to 
hundredths  of  an  inch.  The  thermometer  readings  were  made  to  the 
nearest  tenth,  except  in  special  cases  when  the  readings  were  made  to 
hundredths  of  a  degree  with  a  transit  telescope. 
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From  these  readings  the  evaporation  in  inches  per  24  hours,  the 
mean  temperature,  and  the  vapor  pressures  and  their  differences, 
were  computed.  These  data  were  plotted,  using  the  mean  time  as 
the  abscissas  and  the  other  variables  as  the  ordinates.  The  plotted 
points  for  each  variable,  when  connected  by  straight  lines,  showed 
graphically  the  changes  that  occurred  and  indicated  in  a  general  way — 
when  compared  with  the  plot  of  the  evaporation  data — the  relation 
of  the  different  variables  to  the  evaporation.  Figure  1  shows  the 
results  of  a  series  of  observations  plotted  in  this  manner.  The  data 
for  this  plot  are  given  in  Table  2  (October  23  and  24).  This  series 
was  not  entirely  typical,  because  the  temperature  of  the  water,  al- 
though it  dropped  considerably  during  the  series,  remained  constantly 
higher  than  the  air.  Ordinarily,  under  still-air  conditions  in  the 
laboratory  the  water  was  warmer  than  the  air  during  the  night  only, 
and  it  was  at  this  time  that  the  maximum  evaporation  occurred, 


8    9     10    n     12     I 

Noon 


3    4     5    6     7     8    9 
Oct.  23.  1925 


II    12    I     2    3    4    5    6    7    8    9     10   II    12    I     2    3    4    5 
Midnight  Oct.  24,1925  Noon 


Figure  1.— Evaporation  as  observed  and  as  computed  from  formula  3  (p.  11)  under  still-air  con- 
ditions in  the  laboratory,  Fort  Collins,  Colo.,  October  23  and  24,  1926;  and  relation  between  the 
evaporation  and  the  air  temperature,  water  temperature,  difference  in  temperature,  and  diflfer- 
ence  in  vapor  pressure  ^ 

with  the  peak  at  about  6  a.  m.  This  series  shows  two  peaks,  which 
is  unusual.  It  was  chosen  for  presentation  here  because  the  relation 
of  the  different  factors  to  the  evaporation  is  quite  evident. 

A  study  of  Figure  1  shows  that  there  is  no  relation  between  the 
evaporation  and  the  temperature  of  the  air  or  the  water,  but  that 
there  is  a  definite  relation  between  the  difference  in  temperature  of 
the  water  and  the  air,  tg  —  ta,  and  the  evaporation.  The  minimum 
evaporation  occurred  when  the  air  temperature  was  a  maximum. 
The  most  definite  relation  is  sho^vn,  however,  between  the  difference 
in  vapor  pressure,  €s  —  e^,  and  the  evaporation,  where  Cs  is  the  sat- 
urated vapor  pressure  at  the  temperature  of  the  water  surface,  and 
Ca  is  the  vapor  pressure  at  the  dew  point  of  the  air  as  computed 
from  the  temperatures  of  the  w^et  and  dry  bulb  thermometers  by  the 
use  of  tables  prepared  by  the  United  States  Department  of  the  Interior 
for  vapor  pressure,  dew  point,  and  relative  humidity.  The  ratios 
of  the  temperatures  and  the  ratios  of  the  vapor  pressures  show 
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similar  relations  to  the  evaporation,  but  it  was  found  that  the  differ- 
ences in  temperature  and  in  vapor  pressure  vary  through  wider 
ranges  than  do  the  ratios  of  the  same  factors,  and  for  that  reason 
the  differences  were  used  as  the  variables  in  developing  the  evapora- 
tion equation  finally  adopted. 

Table  2. — Evaporation  as  observed  and  as  computed  from  formula  3  and  pertinent 
meteorological  data  for  inside  conditions  without  wind  at  Fort  Collins,  Colo. 

[Tank,  3  by  3  feet,  10  inches  deep] 


Time 

Mean  temperature 

Mean  dif- 
ference in 
vapor  pres- 
sure, 
e.-Cd 

Evaporation  in  24  hours 

Date 

Air 

Water 

Observed 

Computed 

Sept.  15,  1925 

6. 02  a.  m, 
6.  56  a.  m. 

8. 01  a.  m. 

9. 06  a.  m. 
10. 17  a.  m. 

11.  28  a.  m. 

12.  27  p.  m. 
1. 26  p.  m. 
2.  30  p.  m. 

3. 64  p.  m. 
5. 17  p.  m. 

6.  22  p.  m, 
7. 66  p.  m. 
9. 24  p.  m. 

10.  23  p.  m. 
11.24  p.m. 

1. 10  a.  m. 

3. 17  a.  m. 

4. 45  a.  m. 
6. 00  a.  m. 

7. 03  a.  m. 

7.  58  a.  m. 

8.  55  a.  m. 
10.  04  a.  m. 
11.20  a.  m. 
12.  23  p.  m. 

2.  20  p.  m. 
4. 41  p.  m. 

6. 03  p.  m. 

7. 47  p.  m. 
10. 06  p.  m. 

8. 33  a.  m. 

9. 35  a.  m. 
10. 38  a.  m. 
11.41a.  m. 
12. 42  p.  m. 

1.46  p.  m. 

2. 48  p.  m. 

3.  51  p.  m. 

4. 65  p.  m. 

6. 07  p.  m. 

7. 19  p.  m. 
8. 24  p.  m. 

9.  27  p.  m. 
10. 32  p.  m. 
11. 44  p.  m. 
12. 55  a.  m. 

2.02  a.  m. 

3. 08  a.  m. 
4. 14  a.  m. 

6.20  a.  m. 

6.  26  a.  m. 

7.  30  a.  m. 
8. 33  a.  m. 
9. 38  a.  m. 

10. 42  a.  m. 
11. 46  a.  m. 
12. 48  p.  m. 

1.52  p.  m. 

2. 58  p.  m. 

4.04  p.m. 
6. 07  p.  m. 

°  F. 
59.2 
59.2 
59.6 
60.3 
60.8 
61.1 
61.3 
61.7 
62.1 
62.5 
62.9 
62.9 
62.7 
62.6 
62.4 
62.1 
61.6 
61.2 
60.7 
60.2 
60.2 
60.4 
60.9 
61.3 
61.7 
62.1 
62.8 
63.4 
63.4 
63.2 
62.9 
47.0 
46.8 
47.0 
47.2 
47.4 
47.6 
47.7 
47.8 
47.6 
47.0 
46.1 
45.4 
44.7 
44.4 
44.2 
43.9 
43.9 
43.9 
43.6 
43.4 
43.0 
42.8 
43.6 
43.8 
43.3 
43.2 
43.4 
43.8 
44.0 
44.1 
43.9 

">  F. 
b^.l 
69.6 
59.6 
59.6 
59.7 
59.8 
60.0 
60.2 
60.4 
60.8 
61.1 
61.2 
61.4 
61.4 
61.2 
61.1 
60.8 
60.6 
60.3 
60.2 
60.0 
60.0 
60.0 
60.2 
60.4 
60.6 
61.2 
61.8 
61.8 
61.8 
61.7 
48.4 
48.4 
48.3 
48.2 
48.1 
48.1 
48.1 
48.0 
48.0 
47.8 
47.5 
47.2 
47.0 
46.8 
46.7 
46.5 
46.2 
46.0 
46.8 
45.7 
45.6 
45.4 
45.4 
45.4 
45.2 
45.0 
44.9 
44.9 
44.9 
44.8 
44.7 

Inch  of 
mercury 
0.166 
.162 
.147 
.124 
.108 
.104 
.103 
.100 
.100 
.104 
.108 
.100 
.094 
.103 
.114 
.129 
.146 
.160 
.175 
.182 
.176 
.162 
.147 
.127 
.112 
.106 
.106 
.118 
.133 
.146 
.190 
.082 
.079 
.077 
.076 
.075 
.066 
.064 
.063 
.065 
.088 
.110 
.118 
.121 
.123 
.124 
.116 
.107 
.106 
.102 
.099 
.107 
.109 
.101 
.097 
.097 
.093 
.088 
.085 
.078 
.069 
.073 

Inch 

0. 0392 
.0381 
.0267 
.0198 
.0184 
.0123 
.0121 
.0096 
.0099 
.0102 
.0114 
.0111 
.0058 
.0076 
.0081 
.0146 
.0108 
.0235 
.0322 
.0353 
.0320 
.0229 
.0188 
.0171 
.0111 
.0097 
.0091 
.0086 
.0109 
.0113 
.0090 
.0148 
.0133 
.0126 
.0101 
.0105 
.0080 
.0098 
.0067 
.0107 
.0179 
.0208 
.0251 
.0279 
.0298 
.0290 
.0276 
.0272 
.0247 
.0261 
.0279 
.0287 
.0276 
.0224 
.0179 
.0189 
.0190 
.0151 
.0163 
.0153 
.0148 
.0142 

.  01786 

Inch 
0.030ft 

Do 

.0293 

Do 

.0245 

Do 

.0173 

Do - 

.0133 

Do 

.011» 

Do 

.0117 

Do— 

.0105 

Do  - 

.0095 

Do 

.0099 

Do 

.0098 

Do 

.009& 

Do 

.0107 

Do.— 

.0122 

Do 

.0136 

Do  - 

.0164 

Sept.  16,  1925 

.0196 

Do... 

.0223 

Do 

.0265 

Do 

.0303 

Do  . 

.0280 

Do 

.0245 

Do 

.019a 

Do 

.0156 

Do 

.0128 

Do  _ 

.0111 

Do 

.0106 

Do-. 

.0118 

Do 

.0133 

Do.-.. 

.0160 

Do 

.0225 

Oct.  23,  1925- - 

Do  .-                                 

.0176 
.0175 

Do 

.0163 

Do—.                  „. 

.0163 

Do , 

.0144 

Do ' 

.0122 

Do 

.0116 

Do..-. 

.0110 

Do                                  

.0118 

Do 

.0171 

Do..-.                  

.0236 

Do 

.0269 

Do- 

.0294 

Do                                     

.0303 

Do.... 

.0310 

Oct.  24,  1925                  

.0293 

Do 

.0260 

Do. 

.0249 

Do                                     .  ... 

.0246 

Do 

.0241 

Do 

.0267 

Do 

.0275 

Do 

.0230 

Do..  . 

.0215 

Do 

.0224 

Do 

.0212 

Do- 

.0192 

Do 

.0174 

Do— 

.0165 

Do 

.0132 

Do 

.0142 

.0187a 
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The  results  shown  are  for  a  single  series  of  observations  but  the 
relations  indicated,  except  for  isolated  cases,  hold  for  all  of  the 
observations  under  still-air  conditions. 

DERIVATION  OF  FORMULA 

To  derive  the  formula  for  evaporation  under  still-air  conditions, 
it  was  necessary  to  show  graphically  the  variation  of  the  difference 
in  vapor  pressure  and  of  the  difference  in  temperature,  with  the 
evaporation.  It  is  obvious  that  in  their  original  form  all  these  vari- 
ables could  not  be  plotted  at  once  in  a  single  plane.  This  difficulty 
was  overcome  by  plotting  the  evaporation  and  the  difference  in  vapor 
pressure,  for  a  constant  value  of  the  temperature  difference.  These 
values  were  obtained  from  the  plots  of  the  original  data  by  taking 
from  the  curves  the  evaporation  and  the  differences  in  vapor  pressure, 
for  constant  differences  in  temperature.  These  points  when  plotted 
formed  a  series  of  curves  of  equal  differences  in  temperature  which, 
for  simplicity,  were  considered  to  be  straight  lines  of  the  form 

E=M{e-ea)  (1) 

in  which 

M  =  0.08  (#,-^a  +  3)'  (2) 

for  the  series.     Substituting  the  value  of  M  in  formula  1, 

£'=0.08  (/3-^a  +  3)*   {e»-ea)  (3) 

This  formula  gives  results  that  agree  closely  with  the  observed  data. 
A  complete  analysis  of  the  available  data  was  not  made  because  it 
was  discovered,  as  will  be  explained  later,  that  the  still-air  observations 
could  not  be  used  in  the  derivation  of  the  general  evaporation  formula 
as  originally  planned.  The  observed  and  computed  values  of  two 
series  of  observations  given  in  Table  2,  and  the  plot  of  one  of  the 
series  in  Figure  1,  have  been  included  only  because  they  show  con- 
clusively the  relation  between  vapor-pressure  difference  and  evapo- 
ration. 

Formula  3  is  empirical  and  is  limited  to  conditions  found  in  the 
laboratory.  If  the  air  temperature  rises  more  than  3°  above  the  tem- 
perature of  the  water,  the  formula  does  not  apply,  but  it  is  doubtful 
if  it  is  possible  for  the  air  to  become  more  than  3°  warmer  than  the 
water  because  the  air  temperature  changes  so  slowly  in  the  laboratory 
that  the  water  temperature  follows  it  quite  closely. 

EFFECT  OF  TEMPERATURE  ON   EVAPORATION  EQUIPMENT 

In  comparing  the  observed  and  the  computed  data,  occasionally 
a  point  was  found  to  be  considerably  in  error,  and  it  was  thought  that 
the  effect  on  the  apparatus  of  changes  in  temperature  might  cause  some 
of  these  variations.  Doubtless  the  relative  expansion  of  the  tank 
and  water,  the  rise  and  the  fall  of  the  float  due  to  the  change  in  its 
size  and  in  the  density  of  the  water,  the  length  of  the  float  arm,  and 
the  elevation  of  the  pedestal  supporting  the  pivot  bearings,  were 
all  affected  by  temperature.  However,  a  determination  of  the  mag- 
nitude of  the  effects  of  temperature  variations  on  the  different  parts 
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of  the  apparatus  showed  that  in  general  the  net  effect  was  small, 
that  the  maximum  effect  was  caused  by  the  relative  expansion  of  the 
water  and  the  metal  tank  at  maximum  temperatures,  and  that  the 
summation  of  the  effects  on  the  different  parts  of  the  equipment 
caused  an  apparent  decrease  in  the  evaporation  as  the  temperature 
increased.  Correcting  the  observed  evaporation  for  these  effects 
of  temperature  did  not  eliminate  the  inconsistencies  in  the  data. 
Moreover,  since  rising  temperatures  reduce,  and  falling  temperatures 
increase,  the  indicated  evaporation,  it  is  evident  that  by  taking 
the  means  of  the  observed  evaporation  losses  over  a  24-hour  period 


A.  5        •        6  7 

September,  1927 

Figure  2. — Fluctuation  of  an  oil-covered  water  surface  due  to  evaporation  and  expansion,  and  its  rela- 
tion to  tho  air  and  water  temperatures,  Fort  Collins,  Colo.,  August  31  to  September  10, 1927 

the  effect  of  temperature  on  the  apparatus  would  largely  be  elimi- 
nated. 

During  the  summer  of  1927  an  attempt  was  made  to  measure  the 
temperature  effect  direct.  The  apparatus  was  installed  in  the  evap- 
oration tank  as  usual,  but  the  water  was  covered  with  a  film  of 
transformer  oil  about  0.2  inch  in  depth  to  prevent  evaporation. 
Readings  were  taken  several  times  during  the  day,  usually  at  7  a. 
m.,  noon,  and  6  p.  m.,  but  sometimes  also  at  9  a.  m.,  3  p.  m.,  9  p. 
m.,  and  midnight.  The  air  and  water  temperatures,  the  time,  and 
evaporimeter-scale  reading  were  recorded.  The  results  are  given  in 
Table  3  and  Figure  2. 

It  was  thought  that  the  loss  from  the  oil  surface  by  evaporation 
would  be  inappreciable,  but  as  shown  in  Table  3  there  was  a  gradual 
loss  from  the  oil  or  from  the  water  through  the  oil.  Since  the  oil 
was  about  0.2  inch  in  depth,  it  does  not  seem  probable  that  any  of 
the  water  escaped  through  it.    The  apparent  evaporation  was  small, 
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Table  3. — Surface  fluctuations  due  to  effects  of  temperature  changes  on  apparatus 
and  to  evaporation  from  oil,  Fort  Collins,  Colo. 


Hour 

Temperature 

Sxirface  changes 

^                   Date 

Air 

Water 

Scale 
reading 

Scale 
difference 

Gain  or 
lossi 

Gain  or 
loss  per 
24  hours 

Aue  31  1927 

11.55  a.m... 

6.07  p.  m 

6.45  a.m...- 
12m 

5.45  p.  ra 

6.40  a.  ra.... 
12.15  p.  ra.- 

5.45  p.  m 

6.45  a.  m 

12.00  ra 

5.45  p.  m 

11.40  p.  ra... 
6.40  a.  ra.... 
12.35  p.  m... 
6.30p.  ra...- 

9.20  p.  m 

11.40  p.  m... 
6.40  a.m.... 
9.10  a.  ra.... 

12.00  m - 

3.45  p.  m 

6.00  p.  ra 

9.05  p.  m.... 
11.25  p.  m... 
6.45  a.  m.... 
9.50  a.m..- 
12.10  p.m... 

3.10  p.  ra 

6.00  p.  m 

9.05  p.  ra 

6.45a.  m..-. 
9.05  a.m.... 

12.00  m 

3.00  p.  ra 

6.50  p.  m 

9.00  p.m.... 
11.30  p.m... 
6.45a.  ra.. -. 
9.15  a.m.... 
11.55  a.m... 

3.00  p.  ra 

5.45  p.  m 

8.55  p.  m 

11.30  p.m... 
6.45  a.m.... 
9.00  a.m.... 
12.06  p.m... 

3.00  p.  m 

5.45  p.  m 

9.00  p.  m 

11.28  p.m... 

6.45  a.  m 

9.05  a.m.... 

0^ 

68.0 
68.5 
63.0 
66.7 
68.4 
63.1 
68.2 
68.5 
64.0 
67.1 
68.5 
67.3 
68.4 
67.8 
68.2 
67.8 
67.1 
65.3 

»74.3 
67.6 
68.4 
68.5 
68.0 
66.6 
63.9 
66.9 
66.7 
67.6 
67.6 
67.1 
64.8 
66.7 
66.7 
68.9 
68.4 
68.0 
66.0 
65.5 
66.2 
66.6 
68.4 
68.2 
67.5 
67.3 
66.0 

»75.2 
68.0 
69.3 
69.4 
69.1 
68.9 
67.1 
68.9 

"F. 
68.4 
68.4 
65.7 
68.0 
68.4 
65.7 
68.0 
68.5 
66.6 
68.5 
68.9 
68.2 
66.7 
68.2 
68.4 
68.4 
68.0 
66.7 
»72.0 
68.4 
68.7 
68.7 
68.4 
68.0 
66.6 
69.3 
68.4 
68.2 
68.2 
67.8 
66.4 
67.1 
67.1 
68.0 
68.2 
68.0 
67.8 
66.7 
66.9 
66.7 
67.5 
67.8 
67.6 
67.5 
66.7 
71.8 
68.5 
69.3 
69.3 
69.1 
69.1 
67.8 
70.5 

Inches 
42.69 
42.79 
43.20 
43.79 
43.80 
44.39 
44.44 
44.34 
44.50 
44.39 
44.34 
44.46 
44.57 
44.51 
44.56 
44.59 
44.60 
44.69 
44.72 
44.62 
44.59 
44.60 
44.66 
44.70 
44.88 
45.00 
44.91 
44.88 
44.90 
44.95 
45.00 
45.01 
44.96 
44.90 
44.91 
44.96 
44.99 
45.04 
45.04 
45.02 

M5.25 
45.29 
45.30 
45.32 
45.39 
45.70 
46.50 
45.43 
45.41 
45.44 
45.46 
45.51 
45.61 

Inch 

Inch 

Inch 

Do 

+0.10 
+.41 
+.59 
+.01 
+.59 
+.05 
-.10 
+.16 
-.11 
-.05 
+.12 
+.11 
-.06 
+.05 
+.03 
+.01 
+.09 
+.03 
-.10 
-.03 
+.01 
+.06 
+.04 
+.18 
+.12 
-.09 
-.03 
+.02 
+.05 
+.05 
+.01 
-.05 
-.06 
+.01 
+.05 
+.03 
+.06 

.00 
-.02 
+.23 
+.04 
+.01 
+.02 
+.07 
+.31 
-.20 
-.07 
-.02 
+.03 
+.02 
+.05 

.00 

+0.00026 
+.00105 
+.00151 
+.000026 
+. 00151 
+.000128 

» -.00026 
+.00041 
-.000281 
-. 000128 
+.00031 
+.00028 
-. 000154 
+.000128 
+.000077 
+.000026 
+.00023 
+.000077 
-.00026 
-.000077 
+.000026 
+.000154 
+. 000102 
+.00046 
+.000307 
-.000230 
-.000077 
+.000051 
+.000128 
+.000128 
+.000026 
-.000128 
-.000154 
+.000026 
+.000128 
+.000077 
+.000128 

.0000 
-.000051 
+.000589 
+.000102 
+.000026 
+.000051 
+.  000179 

»+.  000792 
-.000512 
-. 000179 
-.000051 
+.000077 
+.000051 
+.000128 
.0000 

+0.00101 

Sept.  1,  1927 

Do              .... 

+.00199 
+.00690 

Do 

+.000109 

Sept.  2,  1927 

Do 

+.00280 
+.000550 

Do.... .. 

-.00113 

Sept.  3,  1927 

+. 000758 

Do-- 

-.00128 

Do 

Do.— 

Sept.  4, 1927 

Do 

-.000534 
+.00126 
+.00096 
-.000624 

Do - 

+.  000519 

Do 

+.000652 

Do...- 

Sept.  5,1927 

Do 

+. 000267 
+. 000787 
+. 000740 

Do - - 

-.00220 

Do 

-. 000493 

Do 

+. 000278 

Do 

+. 00120 

Do 

+. 00105 

Sept.  6,  1927 - 

+.00150 

Do 

+.00239 

Do - 

Do -.-. 

Do - 

Do 

Sept.  7, 1927 

Do 

Do 

Do 

Do 

Do 

-.00236 

-.000616 

+. 000432 

+.000995 

+.000318 

+.000268 

-. 00105 

-.00123 

+.000220 

+.000970 

Do 

+.000740 

Sept.  8, 1927 

Do 

+.000423 
.0000 

Do 

-.00046 

Do 

+.00458 

Do.  .      .  . 

+.00089 

Do 

+.  000197 

Do 

+. 000474 

Sept.  9,  1927 

Do 

+. 000592 
+.00845 

Do 

-.00399 

Do 

-.  00147 

Do 

—.000445 

Do 

Do 

Sept.  10,1927 

Do '. 

+.000569 

+.000497 

+.  000421 

.000000 

»  0.01  inch  on  scale  equals  0.00002556  inch  on  water  surface. 

»  Water  ran  into  calibration  tank. 

»  Thermometer  in  the  sun. 

«  Removed  spider  web  froji  float. 

» Water  leaking  into  calibration  tank  from  pump  sump. 

the  actual  evaporation  being  obscured  by  the  effect  of  the  tempera- 
ture changes  on  the  apparatus;  but  by  taking  24-hour  intervals  the 
loss  became  appreciable,  and  the  temperature  effect  was  largely 
eliminated  because  the  periods  were  taken  from  7  a.  m.  to  7  a.  m. 
at  which  time  the  temperatures  were  fairly  constant  from  day  to 
day.  The  mean  loss  was  about  0.0004  inch  per  24  hours.  This  is 
less  than  2  per  cent  of  the  loss  that  would  occur  from  a  water  surface 
under  similar  conditions. 
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As  shown  in  Figure  2,  the  changes  due  to  the  effect  of  temperature 
on  the  evaporation  equipment  are  partly  obscured  by  the  evapora- 
tion from  the  oil  surface,  but  there  is  a  rise  and  fall  of  the  water  sur- 
face with  the  temperature  of  the  water.  Inconsistencies  occur  but 
these  may  be  due  to  the  change  in  moisture  content  of  the  concrete 
pedestals  supporting  the  optical  evaporimeter  and  the  evaporation^ 
tank.  Tests  show  {24)  that  saturating  dry  concrete  with  water 
causes  an  expansion  of  0.042  per  cent,  which  is  equivalent  to  a  tem- 
perature change  of  80°  in  the  concrete.  More  recent  tests  on  the  ef- 
fect of  moisture  on  concrete  show  even  greater  changes  {9,  p.  210, 

A  comparison  of  the  changes  due  to  temperature  and  indeterminate 
causes  (Table  3)  with  the  measured  evaporation  from  the  evaporation 
tank  under  still-air  conditions  in  the  laboratory  in  September,  1925 
(Table  2),  shows  that  the  maximum  changes  may  exceed  the  evapora- 
tion loss.  It  should  be  noted,  however,  that  the  maximum  change 
occurred  during  a  period  in  which  water  ran  into  the  cahbration  tank 
in  which  the  apparatus  was  located,  and  probably  caused  a  consider- 
able increase  in  the  moisture  content  of  the  concrete  pedestals  support- 
ing the  tank  and  optical  evaporimeter. 

OBSERVATIONS    WITH    CONTROLLED    WIND    UNDER    LABORATORY 

CONDITIONS 

The  observations  with  controlled  wind  under  laboratory  conditions 
were  made  to  determine  the  effect  of  wind  on  evaporation.  Knowing 
the  evaporation  for  still-air  conditions  in  the  laboratory,  and  also  the 
evaporation  for  the  same  conditions  but  with  wind  of  measured  veloc- 
ity, it  was  thought  that  by  subtracting  the  former  from  the  latter  the 
increase  in  evaporation  caused  by  the  wind  would  be  obtained.  Study 
of  the  data,  however,  showed  this  belief  to  be  erroneous,  and  it  was 
necessary  to  develop  a  different  plan  as  explained  later. 

EQUIPMENT 

The  apparatus  was  installed  in  the  cahbration  tank  inside  the 
laboratory  and  was  the  same  as  that  used  in  making  the  still-air 
observations,  except  that  the  tank  was  placed  in  an  air  duct  3  feet 
wide  and  12  inches  deep  through  which  air  was  blown  at  definite 
velocities  by  means  of  an  electric  fan.  (PI.  2,  B.)  In  the  outlet 
of  the  air  duct,  a  standard  Robinson  anemometer  was  placed  with  its 
axis  in  the  center  and  its  cups  just  clearing  the  floor  of  the  duct 
which  was  flush  with  the  top  of  the  evaporation  tank.  Owing  to  the 
agitation  of  the  water  surface  by  the  wind,  the  evaporimeter  float 
was  installed  in  a  covered  stilling  well. 

The  electric  fan  was  placed  11 3^  feet  from  the  nearest  edge  of 
the  evaporation  tank.  This  arrangement  permitted  the  wind  velocity 
to  become  uniform  throughout  the  cross  section  of  the  duct  before 
it  reached  the  tank.  The  wind  velocity  was  regulated  by  movable 
shutters  which  limited  the  volume  of  air  coming  to  the  fan.  Later,  in 
order  to  increase  the  velocity  more  than  was  possible  by  opening  the 
shutters,  the  depth  of  the  air  duct  was  reduced.  With  this  arrangement 
of  the  apparatus  it  was  possible  to  get  a  maximum  wind  velocity  of 
12  miles  per  hour. 


EVAPORATION  FROM  FREE  WATER  SURFACES  15 

OBSERVATIONS 

The  observations  with  controlled  wind  were  started  in  1922  and 
were  continued  until  1924.  During  this  time  a  total  of  756  hourly- 
observations  were  made.  It  was  later  found  necessary  to  discard 
the  observations  made  in  1922  because  the  psy chrome ter  readings 
were  in  error,  the  drying  effect  of  the  wdnd  on  the  wet-bulb  sheath 
being  so  great  that  the  wick  to  the  reservoir  could  not  supply  water 
fast  enough  to  keep  it  moist.  With  the  wet  bulb  only  partially 
moistened,  the  depresssion  in  temperature  was  too  small  and  the 
computed  vapor  pressures  of  the  air  consequently  higher  than  the 
true  values.  This  condition  was  corrected  in  the  later  observations 
by  moistening  the  thermometer  at  each  observation  by  means  of  a 
small  pipette. 

Except  for  the  wind  velocity  the  readings  were  the  same  as  those 
taken  during  the  still-air  observations.  Owing  to  the  fluctuations 
in  the  evaporimeter-scale  reading  when  the  wind  was  blowing,  it 
was  necessary  to  shut  off  the  motor  while  the  scale  observations 
were  being  made,  the  scale  reading  being  taken  as  soon  as  fluctuation 
ceased.  For  the  beginning  of  the  next  test  the  scale  reading  was 
taken  just  before  starting  the  motor.  The  difference  in  time  between 
the  starting  and  stopping  of  the  motor  was  used  as  the  time  of  the 
test.  While  the  fan  was  shut  off  the  other  observations  were  also 
made. 

To  simplify  the  interpretation  of  the  data,  the  wind  was  held  con- 
stant for  a  number  of  observations  while  the  other  factors  varied 
from  extraneous  causes.  Moreover,  each  series  at  a  given  wind 
velocity  was  repeated  from  time  to  time  throughout  the  season.  This 
gave  a  wide  range  of  meteorological  conditions  for  each  wind  velocity. 

DERIVATION  OF  FORMULA 

As  before  stated  it  was  thought  that  the  difference  between  the  still- 
air  observation  as  computed  by  formula  3,  which  is  for  still-air  condi- 
tions, and  the  observed  evaporation  for  a  period  of  known  wind  velocity 
would  represent  the  wind  effect.  It  was  discovered,  how^ever,  that 
these  differences  had  no  definite  relation  to  the  wind,  a  circumstance 
probably  due  to  the  complex  nature  of  the  variables  involved.  Factors 
that  influence  the  evaporation  under  one  set  of  conditions  may  fail  to 
exert  any  appreciable  effect  under  other  conditions. 

Under  still-air  conditions,  the  difference  in  temperature  as  between 
the  water  and  the  air  exerts  a  marked  influence  on  evaporation.  This 
is  shown  in  Figure  1  and  is  expressed  mathematically  by  the  factor 
(ts  —  ta  +  S)^  in  formula  3.  Since,  theoretically,  the  direct  tempera- 
ture effect  is  taken  care  of  by  the  difference  in  vapor  pressure,  to  the 
difference-in-temperature  factor  must  be  ascribed  some  of  the  more 
obscure  temperature  phenomena.  One  of  these  is  convection  currents 
(18)  which  act  in  a  manner  similar  to  the  wind  in  carrying  off  the 
vapor  from  the  water  surface,  and  which  are  the  result  of  differences 
in  temperature  as  between  the  air  and  the  water.  They  increase  in 
magnitude  as  the  temperature  of  the  water  increases.  For  a  definite 
air  temperature  the  value  of  the  factor  (ts  —  ta  +  S)^  also  increases  as 
the  temperature  of  the  water  increases.  Comparatively,  convection 
currents  are  of  small  magnitude  and  consequently  are  noticeable  only 
under  still-air  conditions.     Wind  movements  are  stronger  than  con- 
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vection  currents  or  at  least  modify  their  effect  to  such  an  extent  that 
the  difference-in-temperature  factor  bears  no  apparent  relation  to  the 
evaporation.     This  is  shown  conclusively  in  Figure  3  which  gives  the 


10   II    12    I    2    3   4    5    6    7    8    9    10  II    1^    I     2    3    4    5    6    7    8    : 
Noon  Sept.  5,1922  Midnight  Sept.  G,  1922 


10    II    !2    I     2    3   4     5 
Neon 


Figure  3.— Evaporation  as  observed  and  as  computed  from  formula  6  under  fully-exposed  condi- 
tions, Fort  Collins,  Colo.,  September  5  and  6, 1922;  and  relation  between  the  evaporation  and  the 
air  temperature,  water  temperature,  difference  in  temperature,  difference  in  vapor  pressure,  and 
ground- wind  vdocity 


r 

n 

~^ 

' 

' 

— 



— 

— 

— 

— 

— 

— 

"^ 

/ 

. 

.21 

/ 

o 

.20 

/ 

/ 

.19 

/ 

/:? 

0,  .18 

.\^ 

^ 

:5 

— 

.^^ 

• 

/ 

^7 

ifX 

f 

^\^ 

" 

/ 

,/ 

■ 

J?  .16 

1^\ 

^•^ 

.>^, 

^^1' 

.-n^ 

e^.e6 

I> 

/ 

/ 

1  A 

k\' 

.V'^ 

>^ 

1 

T 

o-~; 

/ 

o  .14 

f 

/ 

/ 

4 

.X.^ 

.V 

o  .13 

.7^ 

/ 

' 

/ 

/ 

.-<'■ 

T" 

^7^ 

o 

1.-5   K 

1  3  $> 

C  -'2 

" 

1 

J 

/ 

i 

/ 

/ 

^ 

^^^ 

^^.^ 

^/ 

' 

/ 

/». 

/ 

^ 

^^\' 

\X 

J^  1 

-f^ 

— 

_ 

C    10 

7 

/ 

A 

/ 

/ 

/ 

a 

^ 

^ 

.N-Vf 

r 

l'I."> 

s.  09 

/ 

/' 

^ 

3 

A 

'^ 

/ 

t~   r\« 

1 

i 

/. 

/ 

/ 

y 

k 

^ 

^ 

> 

f 

•^•n7 

1 

/ 

/ 

/^ 

i> 

[^ 

/ 

06 

/ 

^  , 

/ 

^ 

S' 

^ 

<3 

° 

^ 

■ 

r 

A 

/ 

y. 

in^ 

y< 

} 

/ 

vt 

\i\ 

^\ 

> 

K 

Y 

.03 

/•i 

^ 

% 

^ 

/ 

i^ 

p 

1^ 

01 

i 

/ 

0 

2    : 

4      5    6    7     8     £ 

i      lO    II 

.1 

.00 

1 

1 

1   1  t  1   1   1   1   1 

0  .01  .02  .03  M.Q5  X)6.07  .08.09    .10  .11  .12  .13  .14  .15  .16  .17  .18  .19.20  .21  .22  .23  .24.25.26  .27  .28.29  .30  .31  .32  .33  .34 
Evaporation  in  inches  per  24  hours 

Figure  4.— Relation  between  the  evaporation  under  laboratory  conditions  of  constant "  winds  of 
different  intensities,  and  the  difference  in  vapor  pressure,  Fort  Collins,  Colo.,  1923.  Thel.dia- 
gram  gives  for  each  wind  velocity  the  equation  of  the  line  showing  the  relation  between  evapora- 
tion and  difference  in  vapor  pressure;  also  the  equation  of  the  line  showing  the  relation  between 
the  coefficients  in  these  equations,  and  the  wind  velocities 

results  of  evaporation  observations  with  still-air  equipraent  under 
fully  exposed  conditions.  The  formula  developed  for  still-air  con- 
ditions therefore  could  not  be  used  in  determining  the  wind  effect. 
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Table  4. — Evaporation  as  observed  and  as  computed  from  formula  6  and  pertinent 
meteorological  data  for  inside  conditions  with  controlled  wind  at  Fort  Collins, 
Colo., 


j 

Date 

Time 

Mean  tempera- 
ture 

Mean 
liflerence 
in  vapor 
pressure 

«.-ed 

Mean 

ground 

wind 

velocity 

Evaporation  per 
24  hours 

Air 

Water 

Observed 

Computed 

Sept  29,  1923            - 

8.52  a.m. 

9.56  a.  m. 
10.59  a.  m. 

12.06  p.  m. 
1.13  p.m. 

2.17  p.  m. 
3.21  p.  m. 

4.25  p.m. 
8.54  a.  m. 

10.03  a.  m. 
11.15  a.m. 
12.25  p.  m. 

1.27  p.  m. 
2.29  p.  m. 

3.33  p.  m. 

4.49  p.m. 

8.53  a.  m. 

9.57  a.m. 
11.01a.m. 
12.15  p.  m. 

1.26  p.  m. 

2.28  p.m. 
3.32  p.m. 
4.36  p.  m. 
3.06  p.m. 
4.10  p.  m. 
5.09  p.  m. 

8.50  a.  m. 

9.54  a.  m. 
10.58  a.  m. 

12.07  p.  m. 

1.18  p.m. 
2.21  p.  m. 
3.23  p.m. 

4.38  p.m. 
8.42  a.  m. 
9.45  a.  m. 

10.53  a.  m. 

12.08  p.m. 
1.35  p.  m. 
2.52  p.  m. 
3.52  p.m. 

4.52  p.m. 
9.00  a.m. 

10.04  a.  m. 
11.08  a.  m. 
12.15  p.m. 

1.20  p.  m. 
2.28  p.m. 
3.35  p.  m. 
4.42  p.  m. 

8.34  a.m. 

9.39  a.  m, 
10.43  a.  m. 
11.46  a.m. 
12.49  p.  m. 

1.53  p.m. 
2.57  p.m. 

1  4.12  p.m. 
!  8.36  a.  m. 
1      9.40  a.  m. 

10.43  a.  m. 

11.46  a.  m. 

12.49  p.  m. 
1  1.53  p.  m. 
;  3.06  p.  m. 
8.26  a.  m. 
1  9.30  a.  m. 
j  10.34  a.  m. 
1  11.37  a.  m. 
i  12.38  p.  m. 
1       1.40  p.  m. 

2 

53.4 
54.3 
54.9 
55.4 
55.8 
56.0 
56.3 
56.6 
55.2 
55.2 
55.2 
55.2 
65.1 
55.1 
55.1 
55.2 
53.3 
63.5 
53.7 
54.0 
54.4 
54.6 
54.8 
54.9 
64.9 
64.5 
64.4 
50.1 
60.4 
60.5 
50.4 
50.5 
50.0 
50.0 
50.6 
47.3 
48.2 
48.9 
49.5 
50.0 
50.3 
60.6 
50.5 
48.4 
48.9 
49.1 
49.5 
49.6 
49.8 
50.1 
50.2 
46.4 
46.5 
46.7 
46.8 
46.8 
46.8 
46.8 
46.9 
44.4 
43. 9 
i      43.7 
I      43.6 
43.3 
43.1 
1      42.9 
41.0 
41.2 
41.5 
1      41.7 
1      41.9 
1      42.0 

op 
53.2 
52.5 
52.2 
52.0 
62.0 
52.0 
52.0 
52.0 
54.4 
53.9 
63.6 
53.3 
63.2  i 
53.1  1 
53.0 
63.0 
63.0 
52.7 
52.6 
62.4 
62.5 
62.7 
52.8 
52.9 
53.7 
63.3 
63.0 
51.2 
60.6 
60.2 
49.9 
49.6 
49.4 
49.2 
48.9 
48.3 
47.9 
47.8 
47.7 
47.7 
47.8 
47.8 
47.9 
47.5 
47.3 
46.9 
46.6 
46.6 
46.4 
46.3 
46.6 
46.0 
45.7 
45.6 
45.5 
45.4 
45.3 
45.3 
45.3 
44.7 
44.8 
44.4 
44.1 
43.6 
43.2 
42.9 
41.9 
41.6 
41.3 
41.1 
41.0 
41.0 

In.  of 
mercury 
0.079 
.097 
.078 
.062 
.067 
.081 
.091 
.102 
.096 
.083 
.072 
.063 
.068 
.053 
.046 
.041 
.059 
.050 
.044 
.036 
.031 
.029 
.029 
.026 
.086 
.081 
.064 
.103 
.084 
.077 
.071 
.068 
.065 
.059 
.047 
.081 
.063 
.057 
.063 
.061 
.056 
.054 
.049 
.148 
.143 
.139 
.137 
.128 
.114 
.107 
.116 
.055 
.050 
.047 
.044 
.041 
.036 
.031 
!          .031 
i          .059 
1          .068 
1          .063 
!          .058 
]          .060 
.058 
.057 
.062 
.054 
,          .048 
1          .044 
1          .042 
1          .042 

Miles  per 

hour 

11.97 

11.85 

11.83 

11.90 

11.89 

11.91 

11.85 

11.84 

12.93 

11.69 

11.64 

11.63 

11.59  1 

11.59 

11.64 

11.61 

11.63 

11.67 

11.65 

11.71 

11.69 

11.69 

11.75 

11.68 

11.94 

11.91 

11.85 

8.38 

8.32 

8.22 

8.36 

8.23 

8.17 

8.32 

8.68 

5.42 

5.46 

6.42 

6.46 

5.42 

5.38 

5.40 

5.40 

3.43 

3.47 

3.44 

3.49 

3.52 

3.61 

3.63 

3.64 

11.78 

11.75 

11.77 

11.81 

i        11. 76 

11.77 

11.80 

11.83 

8.32 

8.36 

8.31 

i          8.32 

8.33 

i          8.32 

!          8.35 

5.43 

1          5.39 

1          5.43 

1          5.37 

J          5.43 

'          6.42 

Inch 
0.220 
.160 
.144 
.144 
.154 
.159 
.168 
.180 
.182 
.155 
.138 
.117 
.114 
.107 
.097 
.094 
.126 
.096 
.075 
.067 
.052 
.056 
.058 
.051 
.182 
.160 
.097 
.153 
.132 
.117 
.081 
.072 
.088 
.113 
.061 
.077 
.060 
.057 
.057 
.064 
.068 
.072 
.059 
.134 
.139 
.136 
.100 
.105 
.106 
.096 
.0% 
.085 
.091 
.095 
.077 
.065 
.064 
.048 
.061 
.082 
.083 
.074 
.072 
.072 
.076 
.076 
.053 
.047 
.051 
.039 
.046 
.038 

Inch 
0.146 

Do 

.178 

Do     .  -      

.143 

Do                 

.114 

Do 

.124 

Do              

.150 

Do                           

.167 

Do        

.187 

Sent  30  1923           ..- 

.189 

Do     -  --- 

.151 

Do              

.131 

Do 

.114 

Do              

.105 

Do                        

.096 

Do        

.083 

Do                     

.074 

Oct.  4,  1923 -  — 

Do               

.107 
.091 

Do                         

.080 

Do        - -- 

.066 

Do                         

.066 

Do 

.053 

Do                  

.053 

Do — 

.047 

Oct   11,  1923 

,169 

Do                          

160 

Do        .- 

.118 

Oct  12  1923        

147 

Do 

.12C 

Do 

.109 

Do                      -      

101 

Do        

.096 

Do                     

091 

Do      .- 

.08^ 

Do 

Oct  13  1923                    —     - 

.065 
087 

Do                   - 

06£ 

Do - 

.065 

Do            --- 

05£ 

Do - - 

Do 

.06f 
06( 

Do                     

06£ 

Do  

.052 

Oct   17,  1923             

121 

Do 

12S 

Do               

llj 

Do 

11' 

Do      

IK 

Do                  

09' 

Do 

OSS 

Do             

1(X 

Oct  23   1923 

10] 

Do        

09] 

Do                          

'08( 

Do  

08] 

Do                      

07» 

Do 

0&< 

Do               

05' 

Do 

Oct.  24,  1923 

Do 

Do 

Do 

Do .- 

Do 

Do-- 

Oct.  25,  1923--- - 

Do--.- - - 

Do 

Do - - 

Do 

Do - 

69018—31 

.08^ 
.09' 
.08J 
.08^ 
.08. 
.OK 
.08 
.06' 
.OK 
.05. 
.04 
.04 
.04 
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Table  4. — Evaporation  as  observed  and  as  computed  from  formula  6  and  pertinent 
meteorological  data  for  inside  conditions  with  controlled  wind  at  Fort  Collins, 
Colo.,  1923-24 — Continued 


Date 


Time 


Mean  tempera- 
ture 


Air       Water 


Mean 
difference 
in  vapor 

Mean 

ground 

wind 

velocity 

pressure 
e,-€d 

In.  of 

Miles  per 

mercury 

hour 

0.042 

5.38 

.043 

5.41 

.044 

5.45 

.057 

3.31 

.052 

3.36 

.050 

3.36 

.045 

3.38 

.039 

3.34 

.041 

3.39 

.042 

3.36 

.041 

3.39 

.040 

3.35 

.065 

11.79 

.053 

11.76 

.043 

11.74 

.038 

11.73 

.035 

11.70 

.032 

11.75 

.031 

11.74 

.030 

11.74 

.080 

8.28 

.069 

8.29 

.065 

8.27 

.060 

8.37 

.055 

8.27 

.050 

8.27 

.043 

8.25 

.050 

8.34 

.045 

6.28 

.039 

6.39 

.031 

5.41 

.017 

5.40 

.008 

5.39 

.007 

6.35 

.007 

6.37 

.025 

5.39 

.030 

5.40 

.024 

6.40 

.026 

6.41 

.027 

5.35 

.034 

5.45 

.041 

5.43 

.047 

6.45 

.047 

5.40 

.045 

6.44 

.044 

5.49 

.040 

6.45 

.039 

6.47 

.037 

5.40 

.030 

5.47 

.025 

5.47 

.023 

6.44 

.013 

6.46 

.009 

5.44 

.011 

6.40 

.008 

6.38 

.087 

11.20 

.070 

11.20 

.058 

10.59 

.047 

11.32 

.035 

11.49 

.025 

10.90 

.027 

11.37 

.028 

11.05 

.029 

11.25 

.025 

11.03 

.039 

11.39 

.063 

11.33 

.070 

11.32 

.075 

11.29 

.079 

11.33 

.095 

11.28 

.115 

11.25 

.115 

11.39 

Evaporation  per 
24  hours 


Observed    Computed 


Oct.  25,  1923. 

Do 

Do - 

Oct.  26,  1923 - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oct.  27,  1923 - 

Do 

Do - 

Do 

Do - 

Do 

Do - 

Do-. 

Oct.  29,  1923 — - 

Do 

Do... 

Do 

Do 

Do 

Do - 

Do 

Nov.  13,  1923 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Nov.  14,  1923 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sept.  23,  1924 

Do__ 

Do... 

Do 

Do 

Do.. 

Do-- 

Do-_ 

Do-_ 

Do.- 

Do 

Do. 

Do-. 

Do.... 

Sept.  24,  1924 

Do 

Do 

Do 


2.44 

3.46 

4.38 

8.32 

9.36 

10.37 

11.36 

12.35 

1.40 

2.43 

3.46 

4.42 

8.38 

9.41 

10.44 

11.47 

12.51 

1.56 

3.00 

4.14 

8.38 

9.42 

10.46 

11.48 

12.50 

1.56 

3.01 

4.02 

9.02 

10.08 

11.11 

12.17 

1.24 

2.28 

3.32 

4.36 

5.47 

7.01 

8.06 

9.10 

10.12 

11.31 

12.50 

1.51 

2.55 

3.59 

6.32 

7.05 

8.08 

9.12 

10.19 

11.22 

12.22 

1.24 

2.28 

4.33 

9.05 

10.08 

11.14 

12.15 

1.20 

2.28 

3.35 

4.41 

6.38 

6.38 

7.47 

8.51 

9.58 

11.04 

12.09 

1.16 

2.21 

3.26 


42.1 
42.0 
41.9 
40.6 
40.7 
40.9 
41.1 
41.2 
41.4 
41.6 
41.6 
41.6 
39.0 
39.2 
39.4 
39.6 
39.7 
40.0 
40.2 
40.3 
37.9 
38.4 


38.3 
38.6 
38.8 
38.9 
39.1 
38.6 
38.3 


40.4 
40.9 
41.3 
41.6 
41.1 
40.8 
40.9 
40.6 
40.6 
40.3 
39.8 
39.1 
38.7 
38.3 
37.9 
37.4 
36.9 
37.3 
38.2 
38.8 
39.4 
39.9 
40.4 
40.9 
41.2 
53.5 
54.9 
55.8 
66.8 
66.9 
67.2 
58.0 
58.3 
68.5 
56.9 
54.9 
64.4 
53.8 
54.9 
66.4 
66.0 
55.6 
55.1 


41.*  0 
40.9 
40.8 
40.8 


40. 

40. 

40. 

40. 

40. 

40. 

40. 

40. 

39.8 

39.5 

39.0 

38.9 

38.8 

38.7 

38.6 

38.7 

39.3 

38.7 

38.3 

37.9 

37.8 

37.7 

37.7 

37.6 

39.2 

39.0 

38.8 

38.8 

38.9 

39.2 

39.4 

39.5 

39.5 

39.6 

39.5 

39.6 

39.4 

39.3 

39.1 

38.8 

38.3 

37.8 

37.0 

36.3 

36.1 

36.3 

36.7 

37.2 

37.3 

37.6 

38.3 

38.8 

52.2 

62.0 

62.0 

52.2 

62.5 

52.9 

63.4 

53.7 

54.1 

64. 3 

64.3 

64.2 

54.0 

63.7 

53.4 

63.1 

62.9 

62.5 


Inch 
0.044 
.050 
.047 
.027 
.041 
.039 
.037 
.033 
.037 
.038 
.041 
.038 
.138 


,083 
,068 
,065 
.061 
.059 
.108 
.074 
.092 
.079 
.077 
.068 
.062 
.097 
.042 
.031 
.028 
.017 
.008 
.005 
.010 
.028 
.037 
.024 
.030 


.031 
.045 
.054 
.050 
.046 
.046 
.046 
.043 
.024 
.030 
.026 
.017 
.015 
.016 
.009 
.170 
.135 
.091 
.082 
.062 
.053 
.061 
,067 
.080 
,092 
,147 
,171 


,201 
,205 
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Table  4. — Evaporation  as  observed  and  as  computed  from  formula  6  and  pertinent 
meteorological  data  for  inside  conditions  with  controlled  mind  at  Fort  Collins, 
Colo.,  192S-24.— Continued 


Date 


Sept.  24,  1924 

Do-- 

Do 

Do.— 

Do 

Do 

Do- 

Do- 

Do-. 

Sept.  26,  1924 

Do 

Do - 

Do- 

Do 

Do.. 

Sept.  27, 1924 

Do. 

Do. 

Do.- 

Do- 

Do-- 

Do 

Do-- - 

Do 

Do-- 

Sept.  29,  1924- 

Do 

Do- 

Do-- 

Do-- 

Do 

Do 

Do- 

Do-. 

Oct.  28,  1924 

Do 

Do 

Do 

Do.... 

Do 

Do 

Do 

Do-. 

Do 

Do 

Do 

Do.- 

Do 

Do 

Oct.  29, 1924 

Do 

Do- 

Do 

Do- 

Do 

Do-- 

Do- 

Do 

Do 

Do.. 

Do - — 

Do 

Do 

Do 

Do- , 

Do-. 

Do.- 

Do -.-, 

Do 

Do 

Do 

»  Fan  off,  no  wind. 


Time 


Mean  tempera- 
ture 


4.33  a.  m. 

5.37  a.  m. 

6.40  a.  m. 
7.44  a,  m. 
8.48  a.  m. 
9.52  a.  m. 
5.23  p.  m. 
6.31  p.  m. 
7.25  p.  m. 

2.30  p.  m. 

3.34  p.  m. 
4.36  p.  m. 

5.28  p.  m. 
6.47  p.  m, 
8.23  p.  m. 
8.22  a.  m. 
9.47  a.  m. 

10.51  a.  m. 
11.53  a.  m. 
12.53  p.  m. 

1.57  p.  m. 

2.58  p.  m. 

3.58  p.  m. 
5.09  p.  m. 

6.59  p.  m. 
9.34  a.  m. 

10.40  a.  m. 
11.38  a.  m. 
12.44  p.  m. 

1.54  p.  m. 
2.58  p.  m. 

3.55  p.  m. 

4.56  p.  m. 
5.58  p.  m. 
9.09  a.  m. 

10.13  a.  m. 

11.13  a.  m. 

12.14  p.  m. 

1.15  p.  m. 
2.13  p.  m. 
3.17  p.m. 

4.16  p.  m. 

5.17  p.  m. 
6.33  p.  m. 

7.38  p.  m. 

8.31  p.  m. 
9.31  p.  m. 

10.38  p.  m. 
11.56  p.  m. 

1.09  a.  m. 
2.20  a.  m. 

3.41  a.  m. 

5.10  a.  m. 
6,25  a.  m. 
7.27  a,  m, 

8.29  a.  m, 

9.30  a.  m. 

10.31  a.  m, 

11.32  a,  m, 
12.31  p.  m, 

1.30  p,  m, 
2,30  p,  m. 

3.30  p.  m. 

4.31  p,  m, 
5.30  p.  m. 

6.33  p.  m. 

7.34  p.  m. 
8.34  p.  m. 

9.39  p.  m. 

10.41  p.  m. 
11.41  p.  m. 


Air      Water 


Mean 
difference 
in  vapor 
pressure 

tt-td 


op 

54.7 

64,3 

53,8 

54.3 

55.3 

56,2 

59,8 

69.5 

59.2 

54.5 

54.7 

54.8 

53.8 

52.5 

52.8 

49.9  I 

49.9  I 

51.1 

52.2 

53.1 

53.3 

53.6 

64.0 

54.0 

54.0 

52.7 

64.4 

65.2 

55.7 

56.0 

66,3 

56.6 

66.8 

66.6 

50,3 

51.3 

61,4 

51.7 

52.1 

62.4 

62.8 

53.2 

63.1 

52.1 

51.7 

62.0 

51.7 

61.6 

61.4 

51.0 

50.5 

49.9 

49.0 

48.3 

48.5 

49.3 

50.1 

50,7 

51,0 

61.0 

51.3 

62.2 

62.7 

52.8 

62.9 

53.2 

52.9 

62.7 

52.7 

52.5 

51.7 


op 
62.1 
61.8 
61.4 
61.5 
61.6 
61.4 
53.6 
64.2 
54.2 
52.6 
62.0 
61.7 
61.4 
61.0 
50.4 
50.2 
49.3 
49,0 
48,8 
48,8 
48,7 
48,7 
48,7 
48.7 
48,9 
61.5 
61.5 
61.6 
61.6 
61.8 
62.0 
62.3 
52.5 
62.6 
47.9 
47.3 
46.9 
46.6 
46.7 
46.2 
46.7 
47.5 
47.2 
47.4 
47.4 
47.2 
47.1 
47.0 


46.4 
45.9 
45.6 
45,2 
44.8 
44,7 
44,8 
44,8 
45.0 
46.4 
45.7 
45,8 
46,2 
46,4 
46.6 
46.8 
47.0 
47.1 
47.1 
47.1 
47.0 


In.  of 
mercwry 
a  109 
.109 
.102 
.075 
.068 
.057 
.033 


.143 
.135 
.129 
.135 
.145 
.130 
.140 
.127 
.122 
.120 
.121 
.123 
.124 
.123 
.111 
,092 
,100 
,086 
,074 
,061 
,050 
,045 
,042 
,040 
,045 
,127 
,132 
,119 
110 
,115 
103 
104 
108 
109 
112 
113 
117 
120 
117 
103 
113 
115 
104 
115 
112 


Mean 
ground 

wind 
velocity 


.097 


.084 
.091 
.104 


Miles  per 

hour 

11.40 

11.37 

11.32 

11.11 

11.05 

11.30 

12.02 

11.23 

11.27 

5.77 

5.77 

5.73 

6.74 

5.74 

5.76 

6.72 

5.70 

5.75 

6.81 

5.86 

5.85 

6.86 

6.80 

5.85 

5.82 

2.40 

1.53 

1.62 

1.62 

1.51 

1.51 

1.51 

1.51 

1.46 

11.36 

11.36 

11.36 

11.25 

11.44 

10.45 

11.40 

11.43 

11.33 

11.01 

11.40 

11.45 

11.21 

11.32 

11.43 

11.45 

11.34 

11.45 

11.35 

11.44 

11.31 

9.41 

9.33 

9.20 

9.68 

»0.03 

9.62 

9.11 

9.27 

10.47 

8.08 

9.37 

9.31 

8.79 

9.42 

9.38 

9.70 


Evaporation  per 
24  hours 


Observed     Computed 


Inch 
0.206 
.216 
.203 
.180 
.144 
.101 
.127 
.154 
.170 
.225 
.220 
.208 
.214 
.190 
.188 
.179 
.163 
.149 
.151 
.150 
.150 
.157 
.154 
.142 
.119 
.079 
.051 
.040 
.032 
.033 
.033 
.032 
.034 
.042 
.273 
.260 
.268 
.231 
.216 
.198 
.202 
.189 
.201 
.200 
.224 
.224 
.203 
.230 
.242 
.234 
.232 
.226 
.223 
.221 
.216 
.176 
.171 
.163 
.150 
,031 
.172 
.153 
.153 
.160 
.162 
,159 
.179 
.174 
.178 
.188 
.185 
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Table  4. — Evaporation  as  observed  and  as  computed  from  formula  6  and  pertinent 
meteorological  data  for  inside  conditions  with  controlled  wind  at  Fort  Collins, 
Colo.,  192S-S4.~Conimued 


Date 


Oct.  30, 1924 

Do 

Do... 

Do. 

Do.... - 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do .- 

Do 

Do 

Do.-.. 

Do .- 

Do 

Do 

Do .- 

Do 

Oct.  31,  1924 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Do. 

Do.... 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Do 

Do.... 

Do 

Do 

Nov.  1,1924 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Time 


12.41  a.  m. 
1.49  a.  m. 
3.03  a.  m. 
4.33  a.  m. 
6.62  a.  m. 

6.47  a.  m. 

7.41  a.  m. 

8.33  a.  m. 
9.26  a.  m. 

10.29  a.  m. 

11.29  a.  m. 

12.29  p.  m. 

1.31  p.  m. 

2.31  p.  m. 

3.32  p.  m. 

4.30  p.  m. 
5.26  p.  m. 

6.34  p.  m. 

7.33  p.  m. 

8.42  p.  mw 
10.00  p.  m. 
11.02  p.  m. 
12.10  a.  m. 

1.21  a.  m. 

2.29  a.  m. 
3.42  a.  m. 

4.48  a.  m. 
5.60  a.  m. 
6.48  a.  m. 
7.46  a.  m. 

8.39  a.  m. 

9.31  a.  m. 

10.33  a.  m. 

11.29  a.  m. 

12.30  p.  m. 
1.31  p.  m. 

2.30  p.  m. 

3.35  p.  m. 

4.34  p.  m. 

6.35  p.  m. 
6.35  p.  m. 
7.35  p.  m. 

8.40  p.  m. 
9.66  p.  m. 

11.02  p.  m. 
12.04  a.  m. 

1.10  a.  m. 

2.20  a.  m. 

3.35  a.  m. 

5.02  a.  m. 

6.26  a.  m. 

7.39  a.  m. 

8.37  a.  m. 

9.28  a.  m. 
10.29  a.  m. 
11.29  a.  m. 

12.34  p.  m. 
1.34  p.  m. 
2.30  p.  m. 

3.29  p.  m. 

4.30  p.  m. 


Mean  tempera- 
ture 


Air      Water 


op 

61.2 
60.9 
60.4 
49.0 
47.8 
47.4 
47.2 
47.0 
47.3 
47.8 
48.4 
49.2 
49.4 
49.3 
49.0 
48.7 
48.5 
48.2 
47.8 
47.0 
46.2 
46.0 
45.6 
45.2 
45.0 
44.7 
44.3 
44.0 
44.6 
44.7 
44.8 
46.4 
46.7 
46.6 
47.3 
47.8 
48.8 
49.2 
49.4 
49.3 
48.9 
48.6 
48.0 
47.9 
48.0 
47.7 
47.3 
46.9 
46.4 
46.0 
46.7 
46.7 
46.0 
46.4 
46.8 
47.3 
47.7 
48.3 
48.3 
48.3 
48.5 


46.9 

46.7 

46.4 

45.8 

45.2 

44.7 

44.3 

44.4 

44.7 

44.6 

44.6 

44. 

43. 

43. 

43. 

43. 

43. 

43. 

43.6 

43.4 

43.1 

42.9 

42.8 

42.5 

42.2 

42.0 

41.7 

41.5 

41.4 

41.3 

41.3 

41.3 

41.3 

41.4 

41.7 

42.0 

42.6 

43.0 

43.4 

43.6 

43.3 

42.9 

43.3 

43.9 

43.9 

43.9 

43.8 

43.8 

43.7 

43.5 

43.3 

43.3 

43.3 

43.3 

43.2 

43.0 

43.1 

43.3 

43.6 

43.8 

43.9 


Mean 

Mean 

in  vapor 

ground 
wind 

pressure 
es-ed 

velocity 

In.  of 

MUes  per 

mercury 

hour 

0.102 

9.54 

.110 

9.56 

.132 

9.68 

.135 

9.38 

.139 

9.38 

.139 

10.49 

.147 

9.33 

.168 

5.11 

.175 

4.25 

.170 

2.86 

.167 

2.40 

.152 

2.56 

.143 

2.43 

.149 

4.63 

.164 

5.97 

.166 

5.64 

.167 

5.15 

.161 

6.73 

.140 

6.14 

.126 

5.69 

.116 

6.71 

.119 

5.44 

.114 

5.72 

.112 

6.80 

.114 

6.78 

.109 

5.80 

.102 

5.81 

.098 

5.78 

.100 

5.77 

.109 

5.80 

.097 

4.94 

.103 

5.69 

.101 

6.46 

.090 

5.75 

.072 

6.81 

.066 

6.40 

.061 

3.50 

.061 

3.10 

.068 

2.96 

.063 

1.90 

.072 

3.08 

.082 

3.14 

.090 

2.97 

.086 

2.74 

.081 

3.07 

.106 

3.09 

.110 

3.07 

.112 

3.09 

.116 

3.12 

.111 

3.11 

.114 

3.12 

.114 

3.17 

.117 

3.00 

.120 

3.22 

.108 

3.05 

.087 

3.17 

.081 

3.12 

.084 

3.06 

.079 

3.14 

.077 

3.13 

.078 

3.13 

Evaporation  per 
24  hours 


Observed    Computed 


Inch 
0.195 
.204 
.216 
.242 
.254 
.264 
.245 
.185 
.148 
.136 
.123 
.121 
.136 
.175 
.191 


168 
142 
164 
167 
155 


157 
152 
154 
152 
146 
146 
142 
120 
119 
112 


073 


.051 
.073 
.079 
.082 
.082 
.094 
.097 
.104 
.108 
.108 
.109 
.105 
.106 
.095 
.084 


.081 
.071 
.071 
,070 
,071 


Mean  24-hour  evaporation  in  1923  as  observed,  0.0749  inch. 
Mean  24-hour  evaporation  in  1923  as  computed.  0.0738  inch. 
Mean  24-hour  evaporation  in  1924  as  observed,  0.1483  inch. 
Mean  24-hour  evaporation  in  1924  as  computed,  0.1266  inch. 
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It  was  observed,  however,  that  for  periods  of  constant  wind,  there 
was  a  definite  relation  between  the  evaporation  and  the  difference  in 
vapor  pressure,  and  this  fact  was  made  the  basis  of  the  new  method  of 
attack.  Since  the  observations  were  taken  in  series  with  the  wind 
constant,  it  was  possible  to  plot  the  difference  in  vapor  pressure  against 
the  evaporation  for  a  definite  wind  velocity.  The  controUed-wind 
observations  (Table  4)  are  shown  plotted  in  this  manner  in  Figure  4. 
Only  the  1923  observations  are  shown  because  too  many  points — 
particularly  when  there  is  considerable  dispersion — tend  to  obscure 
rather  than  clarify  the  relation  sought.  The  line  for  zero  wind  in 
Figure  4  is  not  based  on  the  stUl-air  observations  in  the  laboratory 
because  it  was  observed  that,  when  other  conditions  remained  the 
same,  the  evaporation  under  outside  conditions  for  zero  wiud  as 
indicated  by  the  anemometer,  was  from  three  to  four  times  as  great 
as  the  true  still-air  evaporation  in  the  laboratory.  Accordingly  the 
plotted  points  for  zero  wind  shown  in  Figure  4  were  taken  from  the 
1922  observations  under  fully  exposed  conditions  for  periods  when  the 
anemometer  registered  no  wind.     (Table  5.) 

Average  lines,  drawn  through  the  groups  of  points  for  the  various 
wiad  velocities,  show  how  the  evaporation  varies  with  the  difference 
in  vapor  pressure  and  the  wind.  The  agreement  between  the  lines 
drawn  and  the  plotted  points  is  far  from  perfect,  but  there  is  appar- 
ently a  definite  relation  between  the  difference  in  vapor  pressure  and 
the  evaporation,  and  for  any  constant  wind  the  two  factors  vary 
according  to  a  straight  line  relation,  the  equations  of  which  are  of  the 
type: 

E=^M{e,-ea).  (1) 

The  slope  M  in  formula  1  was  computed  for  each  wind  velocity  and 
resulted  in  the  following  equations : 

^=0.43  (e,  —  ed)  for    0     miles  per  hour.  (4a) 

£'=0.64  {Cg—ea)  for    1.5  miles  per  hour.  (4b) 

£"=0.88  (es—Ca)  for    3.4  miles  per  hour.  (4c) 

£=1.08  (eg  —  ea)  for    5.4  miles  per  hour.  (4d) 

£=1.36  (es-ea)  for    8.3  miles  per  hour.  (4e) 

£=1.90  (e,-ed)  for  11.8  miles  per  hour.  (4f) 

These  slopes  when  plotted  against  the  wind  velocity,  as  shown  in 
Figure  4,  resulted  in  a  straight  line  having  the  equation 

(7=(0.44  +  0.118TD  (5) 

where  C  is  the  coefficient  and  W  is  the  wind  velocity  in  miles  per  hour. 
Substituting  for  Min  formula  1  its  value  (0.44  +  0.118  W),  gives  the 
formula  for  controlled  wind  conditions, 

£=(0.44  +  0.118  W)  (es-ea)  (6) 

which,  it  will  be  noted,  is  of  the  same  form  as  Dalton's  original 
formula 

E=C{e,-ea),  (7) 

because  for  each  wind  velocity  the  factor  (0.44  +  0.118  W)  is  a 
constant. 


22    TECHNICAL  BULLETIN  271,  U.  S.  DEPT.  OF  AGRICULTURE 

The  computed  results  for  the  1923  observations  (Table  4)  agreed 
quite  closely  with  the  observed  evaporation,  as  was  to  be  expected 
because  the  formula  was  derived  from  these  observations;  but  the 
computed  results  for  the  1924  observations  were,  in  general;  less  than 
the  observed  figures.     The  reason  for  this  is  not  clear. 

OUTSIDE  OBSERVATIONS  UNDER  FULLY  EXPOSED   CONDITIONS 

During  1922  and  1923,  evaporation  observations  were  made  under 
outside  conditions  with  the  tank  fully  exposed  for  the  purpose  of  test- 
ing, under  natural  conditions,  evaporation  formula  6  as  derived  from 
laboratory  experiments.  The  equipment  (pi.  3,  A)  was  similar  to 
that  used  in  the  experiments  under  still-air  conditions  in  the  labora- 
tory, except  that  the  evaporation  tank  was  18  inches  deep  instead  of 
10  and  was  sunk  in  the  ground  instead  of  being  iullj  exposed.  Less 
sensitive  thermometers  were  used  in  the  psychrometer,  but  the  tests 
made  in  1923  (Table  1)  showed  that  the  mean  results  from  the  small 
aspiration  psychrometer  agreed  almost  exactly  with  those  from  the 
large  one.  The  psychrometer  and  the  air  and  water  thermometers 
were  protected  from  the  direct  rays  of  the  sun,  and  the  optical-evapo- 
rimeter  float  was  installed  in  a  covered  stilling  well  attached  to  the 
outside  of  the  evaporation  tank. 

A  standard  Robinson  anemometer  was  used  in  determining  the 
wind  velocity.  As  shown  in  Plate  3,  A,  the  anemometer  cups  were 
not  at  the  level  of  the  top  of  the  tank,  and  consequently  it  was  neces- 
sary to  reduce  the  indicated  velocities  to  the  ground  velocities.  This 
was  done  by  the  use  of  a  comparison  diagram  based  on  experiments 
made  on  Robinson  anemometers  at  the  level  shown  and  near  the 
ground  surface. 

The  observations  were  made  hourly,  usually  in  series  of  from  24 
to  36  hours,  a  total  of  278  observations  being  made.  As  in  the  case 
of  the  still-air  observations,  the  time  and  evaporimeter-scale  readings 
were  taken  at  the  beginning  and  end  of  each  test,  and  the  other 
readings  in  the  interval  between  the  scale  reading  at  the  end  of  one 
test  and  at  the  beginning  of  the  next. 

The  results  of  these  observations  and  the  evaporation  as  com- 
puted by  formula  6  for  the  same  conditions  are  given  in  tabular  form 
in  Table  5,  and  one  series  of  observations  is  shown  graphically  in 
Figure  3.  A  comparison  of  the  observed  and  computed  results  shows 
that  there  is  considerable  variation  in  the  individual  observations, 
but  that  the  mean  values  do  not  differ  materially.  Precise  agreement 
is  not  to  be  expected  because  of  the  differences  between  the  conditions 
under  which  the  formula  was  derived  and  those  found  outside,  par- 
ticularly in  respect  to  the  wind. 
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Table  5. — Evaporation  as  observed  and  as  computed  from  formula  6  (p.  21)  and  per- 
tinent meteorological  data  for  outside  conditions  at  Fort  Collins j  Colo.,  1922-23 

[Tank,  3  by  3  feet,  18  inches  deep] 


Date 


Time 


Mean  tempera- 
ture 


Air      Water 


Mean 
difference 
in  vapor 


e.-Cd 


Mean 
ground 

wind 
velocity 


Evaporation  per  24 
hours 


Observed    Computed 


Sept.  5, 1922 

Do 

Do 

Do... 

Do... 

Do — 

Do 

Do 

Do 

Do... 

Do 

Do 

Do.— 

Do 

Sept.  6,  1922 

Do 

Do... 

Do... 

Do 

Do — .. 

Do 

Do 

Do -. 

Do.- 

Do.. 

Do 

Do 

Do — . 

Do 

Do.- — 

Do.-.. 

Sept.  19, 1922 

Do 

Do 

Do 

Do.- 

Do 

Do 

Do 

Do.-. 

Do 

Do 

Do 

Do 

Do 

Sept.  20, 1922 

Do.- 

Do 

Do 

Do 

Do.- 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sept.  21,  1922 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


9.02  a.  m. 

10.04  a.  m. 
11.10  a.  m. 
12.16  p.  m. 

1.17  p.m. 
2.21  p.  m. 

3.23  p.  m. 

4.27  p.  m. 
5.31  p.  m. 
6.38  p.  m, 
7.45  p.  m. 
8.48  p.  m. 
9.45  p.  m. 

10.58  p.  m. 

12.03  a.  m. 

1.09  a.  m. 

2.15  a.  m. 
3.21  a.  m, 

4.28  a,  m. 

6.34  a.  m. 

6.36  a.  m. 

7.37  a.  m. 

8.41  a.  m. 

9.43  a,  m. 
10.51  a.  m. 

11.59  a.  m. 
1.04  p.  m. 

2.10  p.  m. 

3.13  p.  m. 

4.14  p.  m. 

5.19  p.  m, 
9  05  a.  m. 

10.10  a.  m. 
11.14  a.  m. 

12.20  p.  m. 
1.26  p.  m. 

2.33  p.  m. 

3.44  p.  m. 

4.45  p.  m. 

6.52  p.  m. 

6.56  p.  m. 

8.00  p.  m. 
9.06  p.  m. 

10.13  p.  m. 

11.21  p.  m. 

2.45  a.  m. 
3.50  a.  m. 

4.57  a.  m. 

6.01  a.  m. 

7.11  a.  m. 

8.20  a.  m. 
10.44  a.  m. 
11.48  a.  m. 

1.01  p.  m. 

2.12  p.  m. 
3.17  p.  m. 

4.24  p,  m. 

5.35  p.  m. 

6.42  p.  m. 
7.48  p.  m. 
8.54  p.  m. 
9.54  p.  m. 

11.00  p.  m. 

12.05  a.  m, 
1.10  a.  m. 

2.16  a.  m. 
3.23  a.  m. 
4.28  a.  m. 

6.34  a.  m. 
6.41  a.  m. 

7.46  a.  m. 

8.53  a.  m. 

9.58  a.  m. 

11.04  a.  m. 


"F. 
69.8 
75.2 

7a  8 

81.0 
82.8 
83.2 
82.9 
79.0 
72.7 
66.3 
61.4 
60.9 
61.1 
59.6 
55.7 
63.9 
54.1 
52.6 
60.9 
50.0 
55.1 
63.6 
69.2 
73.7 
78.6 
82.0 
84.5 
85.4 
82.9 
78.2 
73.8 
58.3 
63.4 
67.6 
70.5 
72.3 
73.0 
71.8 
65.9 
58.6 
64.4 
62.0 
60.6 
49.6 
47.0 
41.1 
40.0 
39.1 
38.6 
46.1 
66.6 
71.8 
76.1 
78.3 
79.0 
79.3 
73.2 
61.6 
65.2 
61.8 
4a  6 
49.2 
4a  0 
45.9 
43.9 
41.4 
41.8 
40.8 
39.1 
46.2 
65.8 
64.5 
73.0 
77.1 


°F. 

eai 

72.7 
76.3 

7a  8 

79.7 
79.3 
79.0 
7a  0 
75.9 
74.1 
72.6 
71.3 
70.2 
69.2 
68.4 
67.4 
66.2 
65.3 
64.5 
63.5 
63.4 
64.4 
66.7 
70.2 
73.5 
76.0 
77.6 
7a  0 
76.9 
76.8 
74.5 
59.0 
63.6 

6ao 

71.1 
72.7 
73.5 
73.0 
70.7 
67.9 
65.9 
64.1 
62.7 
61.7 
60.7 
57.5 
67.0 
66.1 
66.1 
66.5 
67.5 
67.4 
71.4 
73.9 
75.2 
75.6 
73.3 
69.6 
67.0 
65.0 
62.0 
62.4 
61.4 
60.4 
59.3 
6a3 
57.4- 
56.6 
55.7 
55.6 
66.4 
60.2 
65.6 
70.1 


Inch  of 
mercury 
0.210 
.237 
.325 
.460 
.526 
.562 
.573 
.511 
.434 
.377 
.349 
.353 
.352 
.353 
.350 
.331 
.319 
.307 
.282 
.265 
.278 
.203 
.227 
.258 
.328 
.412 
.442 
.473 
.462 
.424 
.396 
.164 
.233 
.316 
.411 
.458 
.491 
.496 
.429 
.364 
.342 
.324 
.306 
.315 
.305 
.258 
.250 
.230 
.223 
.199 
.181 
.349 
.432 
.517 
.598 
.607 
.451 
.375 
.348 
.337 
.294 
.316 


,276 


.254 
.214 
.170 
.205 
.320 
.441 


Miles  per 
hour 
0.64 
.90 
1.64 
1.68 
2.27 
2.19 
1.23 
.73 
.00 
.00 
.00 
.08 
.15 
.38 
.14 
.35 
.44 
.41 
.36 
.06 
.21 
.12 
.68 
1.04 
L48 
1.39 
1.43 
1.19 
.88 
.57 
.00 
.00 
.00 
.00 
.29 
.32 
.37 
.18 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.16 


.14 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.43 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.34 
.23 


Inch 
0.087 
.140 
.210 
.250 
.328 
.367 
.331 
.259 
.166 
.172 
.179 
.182 
.188 
.196 
.185 
.193 
.181 
.168 
.159 
.144 
.110 
.081 
.107 
.172 


.239 
.161 
.130 
.130 
.116 
.168 
.199 
.243 
.237 
.158 
.137 
.143 
.154 
.140 
.154 
,136 
.131 
.104 
.116 
.108 
,081 
,083 
,143 
,200 
,218 
,241 
,240 
,173 
,129 
,172 
,153 
,168 
,153 
142 
161 
128 
128 
123 
120 
113 
093 
063 
116 
202 
216 


Inch 
a  108 
.129 
.206 
.293 
.372 
.392 
.335 
.269 
.191 
.166 
.154 
.158 
.161 
.171 
.160 
.169 
.157 
.160 
.136 
.118 
.129 
.092 
.118 
.145 
.202 


.274 
.251 
.215 
.174 
.072 
.103 
.139 
.196 
.219 


150 
142 

134 
139 
134 
114 
110 
101 


.160 
.204 
.240 
.273 
.229 
.199 
.165 
.163 
,148 
,129 
,139 
,135 
,144 
,125 
.121 
,117 
,115 
,112 
,094 
,075 
.090 
,154 
,206 
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Table  5. — Evaporation  as  observed  and  as  computed  from  formula  6  (p.  21)  and  per- 
tinent  meteorological  data  for  outside  conditions  at  Fort  CollinSf  Colo., 
Continued 


Date 


Mean  tempera- 
ture 

Mean 
difference 
in  vapor 

Mean 

ground 

wind 

velocity 

Air 

Water 

pressure 
e,-ed 

Inch  of 

Miles  per 

*>F. 

op 

mercury 

hour 

79.6 

73.2 

0.533 

0.16 

80.5 

74.8 

.685 

.27 

81.0 

75.2 

.605 

.46 

79.0 

74.6 

.682 

.40 

71.0 

72.0 

.628 

.18 

60.5 

49.0 

.173 

1.08 

47.8 

48.6 

.160 

.98 

45.4 

48.1 

.156 

.11 

42.9 

47.7 

.154 

.07 

40.8 

47.3 

.155 

.06 

39.0 

46.7 

.150 

.42 

38.0 

46.2 

.140 

.00 

37.2 

45.6 

.130 

.00 

36.2 

45.2 

.125 

.00 

47.2 

44.9 

.125 

.00 

36.1 

44.4 

.122 

.00 

34.3 

44.5 

.127 

.08 

34.4 

43.6 

.121 

.23 

36.5 

43.0 

.118 

.08 

45.3 

42.9 

.106 

3.13 

51.9 

44.2 

.101 

4.34 

53.8 

46.1 

.107 

6.28 

56.2 

49.1 

.128 

6.45 

54.5 

51.0 

.149 

4.62 

55.0 

52.0 

.163 

4.29 

64.0 

52.6 

.170 

5.07 

48.0 

51.0 

.156 

5.17 

44.1 

49.1 

.136 

4.43 

41.6 

47.8 

.116 

1.49 

42.0 

47.6 

.118 

.38 

42.5 

47.3 

.111 

.12 

42.7 

47.1 

.125 

.37 

42.2 

47.0 

.132 

.00 

42.0 

47.0 

.120 

.00 

42.0 

46.7 

.117 

.00 

40.5 

46.3 

.117 

.00 

35.6 

45.7 

.127 

.00 

32.6 

44.8 

.125 

.00 

35.0 

44.7 

.120 

.00 

38.0 

44.9 

.108 

.00 

35.9 

44.9 

.089 

.11 

45.4 

46.2 

.101 

1.12 

48.9 

49.4 

.137 

1.73 

62.2 

63.2 

.171 

1.40 

64.6 

65.4 

.195 

.68 

57.9 

66.9 

.203 

.67 

67.7 

66.8 

.199 

.36 

62.8 

64.8 

.191 

.00 

46.8 

52.6 

.174 

.00 

48.2 

41.5 

.101 

.23 

63.9 

44.0 

.098 

.09 

68.6 

46.4 

.105 

.31 

69.6 

48.3 

.116 

.36 

61.6 

50.4 

.123 

.04 

67.0 

52.8 

.135 

.20 

64.7 

52.1 

.144 

.49 

53.4 

49.8 

.141 

.14 

44.9 

46.8 

.133 

.18 

42.4 

44.9 

.149 

.14 

39.1 

43.6 

.140 

.23 

35.6 

42.6 

.135 

.00 

32.9 

42.2 

.144 

.00 

31.8 

41.9 

.145 

.00 

31.5 

40.8 

.130 

.00 

30.5 

39.9 

.123 

.00 

29.2 

39.0 

.122 

.00 

38.6 

38.6 

.119 

.00 

28.4 

38.2 

.110 

.02 

27.4 

37.0 

.095 

.00 

26.9 

34.4 

.075 

.04 

33.5 

33.0 

.046 

.07 

45.6 

37.2 

.032 

1.30 

Evaporation  per  24 
hours 


Observed    Computed 


Sept.  21, 1922 

Do 

Do 

Do 

Do 

Oct.  12,  1922.. 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Oct.  13, 1922.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oct.  14,  1922. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oct.  27,  1922- 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oct.  28, 1922. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

1  Rain. 


12.10  p. 
1.16  p. 

2.22  p. 
3.27  p. 
4.33  p. 
3.49  p. 
4.56  p. 
6.02  p. 
7.10  p. 
8.16  p. 

9.23  p. 
10.30  p. 
11.36  p. 
12.41  a. 

1.46  a. 

2.52  a. 
3.58  a. 
5.04  a. 
6.08  a. 
7.12  a. 
8.15  a. 

9.25  a. 
10.35  a. 
11.41  a. 
12.46  p. 

1.54  p. 

2.58  p. 
4.04  p. 
7.22  p. 

8.26  p. 

9.33  p. 
10.41  p. 

11.49  p. 

12.63  a. 
2.00  a. 
3.06  a. 
4.12  a. 
5.20  a. 

6.27  a. 

7.34  a. 
8.38  a. 
9.43  a. 

10.46  a. 
11.52  a. 
12.57  p. 

2.04  p. 

3.10  p. 

4.15  p. 

5.20  p. 

8.37  a. 

9.42  a. 

10.46  a. 

11.50  a. 

12.64  p. 

1.59  p. 
3.02  p. 
4.06  p. 
6.10  p. 

6.20  p. 

7.28  p. 
8.32  p. 

9.35  p. 
10.38  p. 
11.41  p. 

12.47  a. 

1.53  a. 
2.56  a. 
3.58  a. 
5.02  a. 
6.06  a. 
7.14  a. 

8.21  a. 


Inch 

0.222 
.265 
.297 
.332 
.185 
.131 

1.031 
.068 
.070 
.067 
.076 
.055 
.056 
.052 
.041 
.058 
.051 
.056 
.050 
.111 
.141 
.164 
.181 
.176 
.167 
.191 
.168 
.158 
.086 
,050 
.064 
.016 
.036 
.025 
.031 
.031 
.064 
.042 
.066 
.043 
.029 
.078 
.109 
.121 
.092 
.119 
.093 
.058 
.046 
.047 
.052 
.061 
.063 
.079 
.102 
.115 
.063 
.086 
.080 
.079 
.066 
.062 
.060 
.058 
.060 
.045 
.052 
.047 
.038 
.038 
.021 
.037 
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Table  5. — Evaporation  as  observed  and  as  computed  from  formula  6  (p.  21)  and  per- 
tinent meteorological  data  for  outside  conditions  at  Fort  Collins f  Colo.y  1922-23 — 
Continued 


Date 

Time 

Mean  tempera- 
ture 

Mean 
difference 
in  vapor 
pressure 

CM-Cd 

Mean 
ground 

wind 
velocity 

Evaporation  per  24 
hours 

Air 

Water 

Observed 

Computed 

Oct.  28,  1922 

9.22  a.  m. 
10.30  a.  m. 
11.38  a.  m. 
12.41  p.  m. 

1.44  p.  m. 

2.46  p.  m. 
3.50  p.  m. 

4.55  p.  m. 
12.46  p.  m. 

1.56  p.  m. 
3.02  p.  m. 

4.08  p.  m. 

5.13  p.  m. 

6.27  p.  m. 

7.40  p.  m. 

8.45  p.  m. 
9.49  p.  m. 

10.52  p.  m. 

11.58  p.  m. 

1.04  a.  m. 

2.14  a.  m. 
3.22  a.  m. 
4.33  a.  m. 
5.43  a.  m. 
6.52  a.  m. 

8.02  a.  m. 

9.09  a.  m. 
10.16  a.  m. 
11.21  a.  m. 
12.38  p.  m. 

1.54  p.  m. 

3.03  p.  m. 
4.09  p.  m. 
5.12  p.  m. 

8.49  a.  m. 
9.M  a.  m. 

10.59  a.  m. 
12.04  p.  m. 

1.15  p.m. 

2.28  p.  m. 

3.33  p.  m. 

4. 38  p.  m. 

5.41  p.  m. 

6.47  p.  m. 

7.57  p.  m. 
9.09  p.  m. 

10.13  p.  m. 
11.19  p.  m. 
12.24  a.  m. 

1.29  a.  m. 

2.34  a.  m. 

3.39  a.  m. 
6.08  a.  m. 

6.36  a.  m. 

7.40  a.  m. 
8.45  a.  m. 

9.50  a.  m. 
2.20  p.  m. 
3.28  p.  m. 
9.01  a.  m. 

10.08  a.  m. 
11.12  a.  m. 
12.19  p.  m. 

1.26  p.m. 
2.31  p.  m. 
3.39  p.  m. 
4.43  p.  m. 
1.33  p.  m. 

2.30  p.  m. 

3.37  p.  m. 
4.57  p.  m. 

9.05  a.  m, 

10.09  a.  m. 

11.14  a.m. 

op 

53.0 
58.0 
57.6 
60.0 
63.8 
61.2 
59.5 
56.0 
73.3 
73.9 
76.0 
72.7 
68.9 
66.6 
62.6 
60.7 
59.3 
68.7 
69.0 
67.6 
65.9 
54.8 
53.7 
55.8 
61.3 
67.5 
72.3 
74.5 
76.6 
79.3 
80.1 
79.7 
79.3 
73.6 
66.7 
68.9 
69.3 
72.6 
73.0 
70.7 
71.3 
76.0 
67.9 
62.0 
67.3 
67.4 
55.6 
64.2 
53.2 
51.7 
60.6 
60.7 
61.9 
55.9 
62.5 
68.5 
74.0 
67.1 
72.8 
62.0 
69.2 
63.6 
66.6 
64.9 
64.1 
53.4 
60.1 
51.1 
61.6 
52.0 
51.6 
60.6 
52.9 
63.6 

41.9 
46.9 
56.4 
69.4 
55.4 
53.4 
61.6 
49.9 
74.6 
75.9 
77.2 
76.2 
74.2 
73.2 
72.0 
71.3 
70.7 
69.9 
69.0 
68.2 
67.6 
66.7 
66.0 
65.7 
66.8 
67.7 
71.6 
75.2 
77.3 
79.0 
80.8 
80.9 
80.3 
78.6 
67.4 
71.1 
73.0 
76.1 
77.4 
76.8 
74.1 
73.5 
72.6 
71.5 
70.4 
69.5 
68.5 
67.6 
66.9 
66.0 
66.0 
64.0 
63.1 
62.8 
64.3 
67.9 
72.5 
73.2 
73.0 
62.6 
67.4 
61.6 
63.8 
63.2 
61.5 
60.0 
58.6 
64.1 
64.2 
54.2 
54.2 
61.4 
53.1 
63.6 

Inch  of 
mercury 
0.040 
.079 
.207 
.234 
.163 
•  .152 
.138 
.137 
.310 
.370 
.402 
.404 
.382 
.306 
.272 
.273 
.267 
.260 
.235 
.237 
.260 
.243 
.243 
.216 
.170 
.160 
.230 
.334 
.409 
.445 
.498 
.478 
.411 
.444 
.207 
.262 
.283 
.359 
.430 
.374 
.345 
.308 
.273 
.302 
.309 
.281 
.259 
.260 
.268 
.271 
.255 
.236 
.217 
.171 
.172 
.226 
.302 
.343 
.356 
.111 
.173 
.299 
.366 
.340 
.311 
.299 
.277 
.063 
.063 
.073 
.073 
.038 
.058 
.069 

Miles  per 
hour 
0.32 
1.66 
1.01 
.89 
1.61 
2.01 
1.22 
.28 
.17 
.26 
.42 
.36 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.33 
.67 
.61 
.63 
.62 
.70 
.88 
.40 
.26 
1.96 
.43 

■.tl 

.00 
.06 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.  .00 
.00 
.00 
.05 
.18 
.04 
.00 
.33 
.66 
.74 

1.28 
.82 

2.20 

2.66 
.93 
.46 
.24 
.10 
.00 
.46 
.70 
.80 

Inch 
0.047 
.132 
.135 
.141 
.183 
.183 
.126 
.093 
.110 
.139 
.160 
.244 
.150 
.135 
.129 
.129 
.133 
.134 
.128 
.122 
.119 
.123 
.116 
.107 
.066 
.064 
.076 
.128 
.169 
.208 
.260 
.232 
.232 
.422 
.049 
.092 
.113 
.124 
.169 
.115 
.  .116 
.107 
.082 
.134 
.150 
.134 
.117 
.126 
.128 
.130 
.133 
.131 
.103 
.056 
.032 
.051 
.107 
.100 
.124 
.053 
.092 
.129 
.176 
.144 
.208 
.223 
.149 
.036 
.030 
.031 
.036 
.026 
.033 
.023 

Inch 
0.019 

Do 

.049 

Do 

.116 

Do 

Do 

.127 
.103 

Do.  - 

.103 

Do 

.081 

Do 

.065 

Aug.  16, 1923 

Do 

.143 
.174 

Do 

Do 

.197 
.194 

Do 

.168 

Do 

Do  .    -      .      . 

.134 
.120 

Do 

Do 

.120 
.118 

Do 

.114 

Do 

Aug.  17,  1923...-. 

Do.".'."IIIII"I"I""II 

.103 
.104 
.110 
.107 

Do 

.107 

Do 

Do 

.096 
.081 

Do 

Do 

.083 
.118 

Do 

.168 

Do 

Do 

Do 

.205 
.233 
.271 

Do 

.233 

Do 

Do 

Aug.  23,  1923 

Do 

.194 
.298 
.102 
.129 

Do 

.136 

Do 

.177 

Do 

.219 

Do 

Do 

.164 
.164 

Do 

Do 

.136 
.120 

Do 

Do 

.133 
.136 

Do 

Do 

Do 

Aug.  24,  1923 

DolIIIIIIIIIIIIIIIIIIII 

.124 
.114 
.114 
.118 
.119 
.112 

Do 

.103 

Do 

.096 

Do 

.075 

Do 

Do 

Do 

Do 

Do 

.076 
.100 
.139 
.163 
157 

Sept.  29,  1923 

Do 

Do - 

Do 

Do 

Do 

Do 

.063 
.090 
.157 
.216 
.183 
.218 
225 

Do 

Sept.  30,  1923 

Do 

.162 
.031 
030 

Do 

.033 
.032 
.019 
030 

Do.... 

Oct.  4,  1923 

Do 

Do 

.031 
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Table  5. — Evaporation  as  observed  and  as  computed  from  formula  6  {p.  21)  and  per- 
tinent meteorological  data  for  outside  conditions  at  Fort  Collins,  Colo., 
Continued 


Date 


Time 


Mean  tempera- 

Mean 

Mean 

ground 

wind 

velocity 

ture 

difference 
in  vapor 

Air 

Water 

pressure 
e,—ed 

Inch  of 

Miles  per 

°F. 

op 

mercury 

hour 

64.2 

53.8 

0.057 

0.07 

65.9 

55.1 

.070 

.35 

66.7 

66.2 

.096 

.28 

55.8 

65.9 

.099 

.23 

64.3 

66.3 

.082 

.00 

46.9 

39.0 

.079 

.54 

63.4 

41.6 

.106 

.92 

69.1 

45.6 

.147 

.84 

58.6 

47.0 

.161 

.78 

63.3 

45.4 

.160 

.39 

42.7 

43.0 

.136 

.00 

36.6 

41.0 

.108 

.07 

32.6 

39.1 

.094 

.13 

31.4 

37.9 

.084 

.30 

28.9 

35.3 

.111 

.00 

25.5 

32.6 

.098 

.00 

25.6 

32.0 

.056 

.00 

51,0 

40.3 

.087 

.48 

65.4 

43.9 

.125 

.58 

60.0 

46.6 

.166 

.73 

69.6 

48.0 

.179 

.49 

52.6 

46.1 

.165 

.20 

43.3 

43.0 

.136 

.00 

37.6 

41.0 

.120 

.06 

Evaporation  per  24 
hours 


Observed    Computed 


Oct.  4,  1923 

Do 

Do 

Do 

Do 

Nov.  13,1923. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do.... 

Do 

Do 

Do 

Nov.  14,  1923 

Do 

Do 

Do 

Do 

Do 

Do 


12.24 

1.33 

2.36 

3.42 

4.47 

10.28 

11.20 

12.27 

1.34 

2.38 

3.40 

4.45 

5.56 

7.08 

8.14 

9.19 

10.20 

10.26 

11.30 

12.31 

1.35 

2.38 

3.38 

4.40 


p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.m. 
p.m. 
p.  m. 
p.  m. 
p.  m. 
a.  m. 
a.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 
p.  m. 


Inch 
0.026 
.035 
.039 
.038 
.019 
.040 
.076 
.091 
.094 
.078 
.050 
.046 
.044 
.042 
.026 
.023 
.021 
.056 
.080 
.082 
.081 
.064 
.046 
.060 


Inch 
0. 


.034 
.045 


.040 
.058 
.079 
.086 
.078 


.043 
.040 
.049 
.043 
.025 
.044 
.063 
.087 
.089 
.078 
.060 
.054 


Mean  24-hour  evaporation  in  1922  as  observed,  0.1314  inch. 
Mean  24-hour  evaporation  in  1922  as  computed,  0.1260  inch. 
Mean  24-hour  evaporation  in  1923  as  observed,  0.1039  inch. 
Mean  24-hour  evaporation  in  1923  as  computed,  0.1112  inch. 

Under  outside  conditions  the  wind  is  variable;  gusts  are  followed 
by  periods  of  calm,  while  in  the  laboratory  the  wind  may  be  kept 
constant.  Since  in  the  formula  the  wind  factor  and  the  difference 
in  vapor  pressure  are  both  Unear  functions,  it  might  seem  that  wind 
variations  would  have  little  effect  on  evaporation.  However,  the 
product  of  two  linear  functions  is  a  function  of  higher  degree.  The 
anemometer  registers  the  total  wind  movement  without  regard  to 
the  rates,  and  while  the  mean  wind  may  be  taken  as  a  true  mean, 
nevertheless,  unless  the  difference  in  vapor  pressure  remains  constant, 
the  result  obtained  by  using  the  mean  wind  in  the  formula  will  not 
be  the  same  as  the  result  obtained  by  taking  the  mean  of  the  indi- 
vidual evaporation  determinations  as  computed  by  using  the  various 
component  wind  velocities.  Fortunately,  the  vapor-pressure  dif- 
ference varies  between  narrow  limits  during  hourly  periods,  so  that 
the  difference  resulting  from  the  method  of  computing  is  probably 
not  great. 

Although  the  vapor  pressure  changed  but  httle  from  hour  to  hour, 
there  was  pronounced  oscillation  in  the  wet-bulb  readings  which 
showed  that  the  vapor  pressure  of  the  outside  air  was  varying  con- 
stantly. This  was  not  observed  in  the  laboratory.  Since  the  mean 
difference  in  vapor  pressure  was  based  on  the  temperature  of  the  water 
and  the  psychrometer  readiugs  taken  at  the  beginning  and  end  of 
each  test,  any  unusual  variation  in  the  vapor  pressure  during  the 
period  of  the  test  would  pass  unnoticed  and  was  probably  the  cause 
of  some  of  the  inconsistencies  evident  in  the  data.     Nevertheless, 
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the  general  agreement  between  the  observed  and  computed  evapora- 
tion indicates  that  the  formula  derived  from  experiments  under 
controlled  conditions  in  the  laboratory  is  appHcable  to  the  natural 
conditions  outside. 


OBSERVATIONS  ON  A  HEATED  WATER  SURFACE  IN  WINTER 

In  a  study  of  the  evaporation  from  the  Great  Lakes  {H,  p. 
134-137)  the  inflow  and  outflow  records  indicated  that  evaporation 
was  greater  in  winter  than  in  summer,  and  the  question  was  raised 
as  to  the  evaporation  from  an  open  water  surface  in  cold  weather. 
A  study  of  this  sort  would  make  it  possible  to  test  evaporation  formula 
6  under  extreme  conditions,  and,  consequently,  a  series  of  observa- 
tions was  started  in  January,  1927,  to  determine  the  evaporation 
under  low  temperatures. 

The  apparatus  for  these  tests  was  installed  in  the 
tank  used  during  the  observations  on  evaporation 
under  fully  exposed  conditions  outside.  This  tank, 
which  was  3  feet  square  and  18  inches  deep,  was 
sunk  in  the  ground  to  within  about  1 K  inches  of  the 
top,  and  the  water  was  kept  about  the  same  distance 
from  the  top.  The  standard  apparatus  was  used  ex- 
cept that  evaporation  was  measured  by  a  microme- 
ter hook  gage  (fig.  5)  reading  to  thousandths  of  an 
inch,  attached  in  the  stilling  well  on  the  outside  of 
the  tank. 

To  keep  the  water  in  the  tank  from  freezing,  an 
electric  heating  element  consisting  of  18  feet  of  22- 
gage  nichrome  wire  fastened  to  a  wooden  frame  was 
installed  in  the  bottom  of  the  tank.  The  terminals 
of  the  heating  element  were  at  first  attached  directly 
to  the  110-volt  fighting  circuit,  but  it  was  found  that 
this  raised  the  temperature  too  high  and  also  caused 
electrolysis  of  the  water.  Additional  resistance,  con- 
sisting of  18  feet  more  of  nichrome  ware  exposed  to 
the  air,  was  therefore  placed  in  series  in  the  circuit 
to  reduce  the  current.  This  arrangement  kept  the 
water  surface  from  freezing  even  in  zero  weather 
and  did  not  heat  the  water  unduly  at  ordinary  winter  temperatures. 
However,  the  stilHng  well  which  was  outside  the  tank  occasionally 
froze  over. 

On  account  of  the  low  temperature  expected,  the  thermometers 
used  for  the  air,  water,  and  wet  and  dry  bulb  temperatures,  were 
graduated  to  include  temperatures  below  zero.  These  thermometers 
were  12  inches  long,  and  the  smallest  graduation  was  1°.  Comparison 
of  these  thermometers  with  a  standard  thermometer  calibrated  by 
the  United  States  Bureau  of  Standards  showed  that  the  maximum 
deviation  was  0.5°.  The  water  and  air  thermometers  were  held  in 
place  by  adjustable  clamps  so  that  the  bulb  of  the  water  thermometer 
was  just  beneath  the  surface,  and  the  bulb  of  the  air  thermometer 
approximately  1  inch  above  it.  The  aspiration  ps^^chrometer,  similar 
to  the  one  shown  in  Plate  3,  A,  was  so  arranged  that  the  air  was 
drawn  from  the  center  of  the  tank  at  a  point  about  1  inch  above  the 
water  surface. 


Figure  5.— Micrometer 
hook  gage,  8^  inches 
long,  reading  to  one 
one-thousandth  of  an 
inch. 
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A  standard  Robinson  anemometer  was  used  for  measuring  the 
wind.  It  was  so  placed  that  the  centers  of  the  cups  were  17  inches 
above  the  groimd.  The  indicated  velocity  was  reduced  to  the  ground 
velocity  by  the  use  of  a  comparison  diagram. 

A  rain  gage  of  the  Weather  Bureau  type  was  maintained  near 
the  tank.  In  case  of  heavy  snowfall  with  wind,  this  gage  did  not 
prove  satisfactory  because  all  of  the  snow  that  fell  into  the  water 
in  the  evaporation  tank  remained  there,  whereas  much  of  the  snow 
blew  out  of  the  rain  gage;  consequently  evaporation  records  for 
periods  of  heavy  snowfall  had  to  be  discarded. 

In  making  these  tests,  the  readings  were  taken  at  8  a.  m.  and  5 
p.  m.  They  consisted  of  the  air  and  water  and  the  wet  and  dry  bulb 
temperatures,  wind  movement,  time,  precipitation,  and  evaporation 
loss. 

The  results  of  the  observations  and  the  computed  evaporation 
obtained  by  substituting  the  observed  data  in  formula  6,  are  given  in 
Table  6.  The  results  shown  are  the  weighted  means  for  the  24-hour 
periods,  but  for  reasons  stated  on  page  26  the  substitution  of  the  mean 
data  in  the  formula  will  not  give  the  computed  evaporation  recorded 
in  the  table.  The  table  shows  that  except  for  periods  of  heavy  snow- 
fall there  is  a  fairly  close  agreement  between  the  observed  and  the 
computed  evaporation,  and  that  the  mean  values  for  the  entire 
period,  excepting  days  of  heavy  snowfall,  are  almost  identical.  Dur- 
ing the  period  of  the  observations  the  temperature  of  the  air  varied 
between  —3.6°  and  53°  F.,  but  the  temperature  of  the  water  varied 
little.  Except  for  the  observations  taken  before  adding  resistance  in 
the  circuit  of  the  heating  element,  the  water  temperature  averaged 
about  50°.  The  mean  evaporation  under  these  conditions,  as  a 
comparison  with  Table  5  will  show,  was  approximately  equal  to  the 
August  and  September  rate  and  indicates  that  large  bodies  of  open 
water  probably  have  a  high  evaporation  loss  in  winter. 

EVAPORATION    FROM    ICE    UNDER    CONTROLLED    CONDITIONS    IN 

THE  LABORATORY 

Measurements  were  made  on  the  evaporation  from  ice  in  the  labora- 
tory without  wind  in  January  and  February,  1926,  and  under  outside 
conditions  in  1927,  but  representative  results  were  not  obtained  be- 
cause the  weather  was  so  warm  that  the  ice  melted  during  the  day. 
However,  the  unusually  cold  weather  of  1928-29  made  it  possible  to 
conduct  a  long  series  of  observations  on  the  evaporation  from  ice 
under  controlled  conditions  in  the  laboratory. 

These  observations  were  made  on  a  pan  of  ice  1  inch  thick  and  17K 
inches  in  diameter,  and  the  evaporation  loss  was  determined  by 
weighing  on  a  beam  balance  sensitive  to  one-half  gram.  Accurate 
thermometers  graduated  into  half  degrees  were  used  for  taking  the 
temperatures  of  air  and  ice,  and  the  wet  and  dry  bulb  temperatures. 
The  ice  thermometer  was  placed  with  its  bulb  immersed  in  a  small 
bottle  filled  with  alcohol  and  frozen  in  the  ice  in  the  center  of  the  pan. 
The  air  thermometer  was  so  placed  that  its  bulb  was  about  1  inch 
above  the  surface  of  the  ice.  Both  thermometers  were  suspended 
from  the  beam  of  the  balance.  A  portable  aspiration  psychrometer 
(fi^.  6)  was  used  to  determine  the  vapor  pressure  of  the  air.  It  was 
so  mstalled  that  the  air  was  drawn  from  a  point  near  the  center  of  the 
pan  about  1  inch  above  the  surface  of  the  ice. 
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Table  6. — Evaporation  from  a  heated-water  surface  under  outside  conditions  in 
winter,  as  observed  and  as  computed  from  formula  6,  and  pertinent  meteorological 
data  at  Fort  Collins,  Colo.,  1927 

ITank,  3  by  3  feet,  18  inches  deep] 


Date 

Precipi- 
tation 

Mean  temper- 
ature 

Mean 

differ- • 
ence  in 

vapor 
pressure, 

et—Cd 

Mean 

ground 

wind 

velocity 

Evaporation  per  24 
hours 

Air 

Water 

Observed 

Computed 

Jan.  25 

Inch 

33.4 
29.7 
29.9 
36.4 
38.1 
34.5 
26.1 
31.7 
31.3 
36.1 
36.7 
37.4 
40.4 
32.9 
24.4 
7.0 
13.3 
19.7 
30.5 
32.2 
27.4 
36.5 
39.9 
37.2 
23.6 
41.7 
45.6 
45.6 
39.3 
41.8 
41.4 
32.5 
37.9 
36.4 
21.5 
31.2 
36.3 
39.5 
38.5 
39.0 
39.6 
41.1 
45.9 
32.7 
46.1 
46.6 
48.2 
36.1 
34.1 
34.0 
22.1 
27.8 

op 
66.0 
79.2 
55.2 
48.8 
46.7 
45.0 
44.2 
47.8 
51.1 
64.0 
55.0 
54.5 
52.9 
50.3 
48.3 
44.4 
44.6 
47.8 
49.0 
60.4 
48.4 
51.7 
52.7 
53.9 
48.6 
62.7 
56.4 
67.4 
63.8 
62.6 
62.3 
60.7 
65.7 
56.2 
50.4 
53.2 
57.1 
58.5 
67.6 
65.3 
53.4 
68.2 
69.6 
45.6 
64.0 
59.1 
59.9 
54.6 
52.4 
53.2 
48.7 
60.2 

Inch  of 
mercury 
0.658 
.909 
.329 
.231 
.235 
.244 
.224 
.238 
.265 
.305 
.311 
.302 
.299 
.266 
.240 
.232 
.228 
.232 
.225 
.225 
.220 
.244 
.275 
.296 
.225 
.294 
.342 
.324 
.277 
.312 
.307 
.280 
.319 
.283 
.280 
.282 
.307 
.296 
.278 
.244 
.257 
.320 
.327 
.208 
.278 
.317 
.361 
.324 
.318 
.294 
.264 
.272 

Miles 

per  hour 

1.07 

.81 

1.98 

4.93 

6105 

.85 

2.16 

.54 

.66 

1.20 

1.20 

1.58 

1.88 

1.50 

.35 

.34 

.48 

1.48 

.99 

.89 

2.75 

2.19 

2.08 

1.15 

3.07 

1.65 

3.79 

3.88 

4.73 

.57 

1.79 

.70 

1.17 

.61 

.34 

.36 

.95 

1.44 

.84 

2.21 

.93 

1.44 

7.84 

1.91 

1.02 

3.51 

3.94 

.83 

1.00 

1.26 

.47 

Inch 
0.392 
.505 
.202 
.259 
.277 
.228 

Inch 
0.398 

Jan.  26             — 

.484 

Jan. 27 

.211 

Jan. 28           

.236 

Jan.  29                          

.325 

Jan. 30  

.2SS 

Jan.  31             

.112  I                 -122 

Feb.  1  -- 

.161 
.134 
.137 
.160 
.186 
.184 
.172 
.098 
.139 
.120 
.117 
.166 
.127 
.126 
.180 
.213 
.154 
.141 
.196 
.197 
.273 
.272 
.270 
.326 
.196 
.166 
.130 
.143 
.139 
.142 
.170 
.161 
.142 
.182 
.187 
.232 
.257 
.166 
.185 
.312 
.305 
.164 
.220 
.153 
.144 

.165 

Feb.  2              

.134 

Feb.  3 

.158 

Feb.  4 

.181 

Feb.  5 

.176 

Feb.  6           

.186 

Feb.  7                   .... 

.  176 

Feb.  8 

Feb.  9            

0.127 
.014 

.148 
.112 

Feb. 10 

.109 

Feb.  11             

.115 

Feb.  12  ... 

.138 

Feb.  13            - 

.005 

.126 

Feb.  14 

.120 

Feb.  15      

.187 

Feb.  16              

194 

Feb.  17   

.005 

.202 

Feb.  18              

129 

Feb.  19_ 



.238 

Feb.  20              

216 

Feb.  21 

Trace. 

.284 

Feb.  22           

.249 

Feb.  23  

.314 

Feb.  24 

.368 

Feb.  25 

183 

Feb.  26 

.165 

Feb. 27                 .... 

.i23 
.002 

164 

Mar.  1 

.145 

Mar.  2                          

136 

Mar.  3 

.148 

Mar.  4 — 

Mar.  fi 

.002 
.060 
.004 

.163 

.168 

Mar.  6  

132 

Mar.  7 

.180 

Mar.  8 

■ 

177 

Mar.  9                  .  . 

197 

Mar.  12 

281 

Mar.  13 

187 

Mar.  14  

154 

Mar.  15 

222 

Mar.  16 

Mar.  17 



.002 

.292 
171 

Mar.  18    . 

191 

Mar.  20 

Mar.  21 

.032 

.156 
147 

Mean.. 

.1942 

1962 



Feb.  28,  and  Mar.  10, 11, 19,  and  22  excluded  because  of  heavy  snowfall. 
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The  readings,  except  for  evaporation,  were  taken  at  8  a.  m.,  1  p.  m., 
and  6  p.  m.  The  evaporation  was  measured  at  8  a.  m.  only,  because 
in  previous  attempts  to  measure  the  evaporation  from  ice,  water 
accumulated  on  the  surface  of  the  pan  during  the  day  which  made  it 
difficult  to  weight  the  pan  accurately  on  account  of  the  tendency  of 
the  pan  to  tilt  and  spill  the  water.  In  addition,  the  longer  period 
between  the  observatioifs  of  the  evaporation  loss  reduced  the  error  in 
the  result  because  the  decrease  in  weight  was  greater. 

The  first  observations  were  made  under  still-air  conditions.  The 
results  of  these  observations  and  the  computed  evaporation  obtained 
by  substituting  the  observed  data  in  formula  6  where  W=0,  are  shown 
in  Table  7.  The  values  shown  are  the  weighted  means,  and  as  pre- 
viously explained  (p.  26)  the  computed  evaporation  can  not  be  cor- 
rectly determined  by  substituting  the  mean  data  in  the  formula.  A 
comparison  of  the  observed  and  computed  evaporation  does  not  show 


Figure  6.— Motor-driven  Assman  psychrometer  used  in  determining  the  vapor  pressure  of  the  air 

very  satisfactory  agreement,  but  the  differences  in  vapor  pressures 
are  quite  small  and  therefore  a  small  error  in  either  vapor  pressure  will 
cause  a  relatively  large  error  in  the  difference.  The  tendency  is  for 
the  computed  values  to  be  too  large.  This  is  attributed  to  the  fact 
that  the  air  in  the  laboratory  is  very  quiet,  while  there  is  a  definite 
movement  of  the  air  outside  even  though  the  anemometer  does  not 
register  any  wind.  This  same  phenomenon  was  noted  (p.  21)  when 
the  formula  was  developed. 

An  attempt  was  made  to  compute  the  evaporation  by  formula  3 
which  was  derived  from  still-air  observations  in  the  laboratory,  but  it 
gave  results  that  were  as  much  too  small  as  those  of  formula  6  were 
too  large,  probably  because  the  air  was  not  so  quiet  as  it  was  for  the 
still-air  observations  in  the  calibration  tank. 
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PLATE  3 


A,  Apparatus  for  making  evaporation  observations  under  outside  conditions;  B,  apparatus  for  con- 
ducting controUed-wind  experiments  on  evaporation  from  ice  (a  portion  of  the  wind  tunnel  cover 
has  been  removed  to  show  the  ice  pan);  C,  equipment  as  installed  for  determining  the  effect  of 
altitude  on  evaporation 
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Table  7. — Evaporation  from  ice  in  still  air  in  the  laboratory,  as  observed  and  as  com- 
puted from  formula  6,  and  pertinent  meteorological  data  at  Fort  Collins,  Colo., 


Date 

Mean  temperature 

Mean 
vapor 
pressure 
differ- 
ence 
e,-ed 

Evaporation  per  24 
hours 

Air 

Ice 

Observed 

Computed 

Dec.  7,  1928 

op 
24.1 
26.1 
26.2 
26.2 
25.2 
28.4 
29.4 
27.0 
28.1 
25.6 
25.6 
24.7 
23.8 
23.2 
26.7 
28.8 
28.7 
28.6 
28.2 
32.3 
34.1 
27.1 
29.9 
28.8 
26.0 
23.7 
25.6 
27.8 
30.3 
30.3 
30.7 
31.7 

op 

126.1 
25.8 
28.5 
25.6 
25.2 

2  27.5 
29.0 

»27.6 
27.6 
25.1 
24.3 
24.1 
22.7 
22.0 
25.6 
28.0 
27.9 
28.1 
27.7 
32.0 
32.3 
26.7 
28.9 
28.2 
25.4 
23.1 
24.9 
27.1 
29.6 
29.0 
29.7 
30.4 

Inch  of 

mercury 

0.036 

.028 

Inch 

0.0088 
.0080 

Inch 
0  0157 

Dec.  8,  1928 

.0122 

Dec.  9,  1928         -          

.036  1             -0082 

.0162 

Dec.  10,  1928 

.032 
.029 
.018 
.023 
.021 
.011 
.017 
.013 
.012 
.029 
.018 
.020 
.030 
.008 
.006 
.026 
.049 
.032 
.030 
.030 
.021 
.029 
.022 
.017 
.028 
.029 
.048 
.033 
.043 

.0082 
.0086 
.0032 
.0291 
.0067 
.0061 
.0095 
.0087 
.0087 
.0093 
.0086 
.0040 
.0077 
.0066 
.0071 
.0072 
.0083 
.0044 
.0072 
.0058 
.0050 
.0100 
.0087 
.0052 
.0069 
.0040 
.0091 
.0065 
.0074 

.0138 

Dec.  n,  1928 

.0127 

Dec.  12,  1928                     .                               

0078 

Dec.  13,  1928 

.0099 

Dec.  14,  1928        .  - 

.0093 

Dec.  15,  1923 - - 

.0060 

Dec.  16,  1928 

.0072 

Dec.  17,  1928       .--.                        ...- 

.0067 

Dec.  18,  1928 - 

.0063 

Dec.  19,  1928       

.0126 

Dec.  20,  1928 - 

.0080 

Dec.  21,  1928      - -- 

.0088 

Dec.  22,  1928       

0130 

Dec.  23,  1928 - - 

.0034 

Dec.  24,  1928       

.0028 

Dec.  25,  1928 - 

.0109 

Dec.  27,  1928* 

.0212 

Dec.  28.  1928 »           .      .                

0142 

Jan.  2,  1929 

.0125 

Jan.  3,  1929         

0132 

Jan.  4,  1929 

.0093 

Jan.  5,  1929  « 

0126 

Jan.  6,  1929 

0099 

Jan.  7,  1929 

.0074 

Jan.  8,  1929          

.0121 

Jan.  9,  1929 

.0124 

Jan.  10,  1929      

.0213 

Jan.  11,  1929 

.0146 

Jan.  12,  1929 

.0188 

Mean 

.0079 

.0112 

1  Ice  tharmometer  frozen  in  ice. 

»  Put  ice  thermometer  in  bottle  containing  glycerine  ink. 

'  Ink  froz3n.    Denatured  alcohol  was  put  in  bottle. 

*  Ice  wet. 

»  Observations  discontinued  because  of  warm  weather. 

•  Put  >i-inch  brass  bars  under  ice  pan  to  ventilate  bottom. 

To  measure  the  evaporation  from  ice  under  more  nearly  normal 
conditions,  a  small  electric  fan  was  installed  in  the  laboratory  at  such 
a  distance  from  the  pan  that  the  air  movement  would  not  register  on 
a  Robinson  anemometer  placed  near  the  pan.  The  results  of  these 
observations  are  given  in  Table  8.  The  table  was  prepared  in  the 
same  manner  as  Table  7,  and  the  same  restrictions  apply  to  it.  A 
fairly  close  agreement  between  the  observed  and  computed  evapora- 
tion indicates  that  slight  changes  in  the  air  movement  have,  a  very 
appreciable  effect  when  the  wind  velocity  is  so  low  that  it  does  not 
register  on  the  anemometer. 

A  series  of  tests  was  also  made  on  the  effect  of  wind  on  the  evapora- 
tion from  ice.  For  these  observations  the  ice  pan  was  installed  in  a 
wind  tunnel,  as  shown  in  Plate  3,  B.  This  tunnel  was  5  feet  long,  21 
inches  wide,  and  4  inches  deep.  The  cover  for  the  end  of  the  tank, 
which  extended  to  the  anemometer  cups,  has  been  removed  to  show 
the  position  of  the  pan.  The  largest  fan  used  is  shown  in  place  in 
Plate  3,  B,  and  the  two  smaller  fans  on  the  table  in  the  background. 
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The  anemometer  was  so  placed  that  the  cups  cleared  the  floor  of  the 
tunnel  by  about  one-half  inch.  The  same  thermometers  and  psy- 
chrometers  were  used  as  in  the  previous  tests. 

Table  8. — Evaporation  from  ice  under  slight  wind  ^  in  the  laboratory,  as  observed 
and  as  computed  from  formula  6,  and  pertinent  meteorological  data  at  Fort  Collins. 
Colo.,  1929 


Date 

Mean  temperature 

Mean 
vapor 
pressure 
differ- 
ence 

tt—Cd 

Evaporation  per  24 
hours 

Air 

Ice 

Observed 

Computed 

Jan.  13 

"  F. 
34.2 

»34.0 
30.7 
29.6 
23.1 
22.4 
26.7 
25.5 
19.0 
17.7 
21.8 
24.8 

op 
31.4 

2  31.9 
29.9 
28.1 
21.9 
21.5 

3  25.2 
24.3 
18.3 
16.6 
20.2 
23.7 

Inch  of 
mercury 
0.042 
2.042 
.034 
.048 
.037 
.025 
.022 
.029 
.018 
.019 
.015 
.019 

Inch 
0. 0138 
2. 0139 
.0146 
.0149 
.0137 
.0097 
.0085 
.0145 
.0128 
.0105 
.0070 
.0087 

Inch 
0  0182 

Jan. 17 

i  0184 

Jan.  18 

0150 

Jan.  19 

0209 

Jan. 20... 

0164 

Jan.  21 

0109 

Jan.  22 

0098 

Jan.  23. 

.0128 

Jan.  24 

.0070 

Jan. 25 

0083 

Jan.  26 

.0066 

Jan.  27 

.0083 

Mean 

.0119 

.0127 

1  Electric  fan  placed  at  such  a  distance  that  wind  movement  did  not  register  on  an  anemometer  placed 
near  the  pan. 

2  Mean  of  4-day  period  because  ics  melted. 
*  Water  was  added  to  alcohol. 

The  evaporation  loss  was  measured  only  at  8  a.  m.,  but  the  other 
readings  were  taken  in  addition  at  1  p.  m.  and  6  p.m.  While  weighing 
the  pan  it  was  necessary  to  shut  off  the  fan,  but  the  other  observations 
were  taken  while  the  fan  was  running. 

The  results  of  these  observations  and  the  evaporation  as  computed 
by  substituting  the  observed  data  in  formula  6  are  given  in  Table  9 
which  is  subject  to  the  same  restrictions  (p.  30)  as  Tables  7  and  8. 
'Here  it  will  be  noted  that  the  observed  evaporation  exceeded  the 
computed  evaporation.  As  previously  explained,  since  the  vapor 
pressures  of  the  air  and  ice  are  nearly  equal  at  low  temperatures, 
small  errors  in  the  determination  of  the  vapor  pressures  of  the  air  or 
ice  cause  relatively  large  errors  in  the  differences  in  vapor  pressure, 
and  if  either  contains  a  systematic  error  the  computed  results  will  be 
in  error  by  a  much  larger  amount.  For  example,  under  the  conditions 
existing  during  these  observations,  an  error  of  10  per  cent  in  the 
vapor  pressure  of  the  air  will  cause  an  error  of  30  per  cent  in  the 
computed  evaporation.  In  view  of  the  fact  that  there  is  some  uncer- 
tainty as  to  vapor  pressures  at  temperatures  below  freezing  (^5,  j). 
9-10,  15-56),  and  since  reliable  readings  are  hard  to  obtain  with 
the  aspiration  psychrometer  when  the  water  on  the  wet  bulb  is 
freezing,  an  error  of  10  per  cent  in  the  vapor  pressure  of  either  the  air 
or  the  ice  is  quite  possible,  and  consequently  very  reliable  results  are 
not  to  be  expected  in  computing  the  evaporation  from  ice. 
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Table  9. — Evaporation  from  ice  under  controlled  wind  in  the  laboratory,  as  06- 
served  and  as  computed  from  formula  6,  and  pertinent  meteorological  data  at  Fori 
Collins,  Colo. 


Mean  tempera- 
ture 

Mean 
vapor 
pressure 
differ- 
ence, 
e,-e4 

Mean 

wind 

velocity 

Evaporation  per  24 
hours 

Date 

Air 

Ice 

Observed 

Computed 

Jan  30,  1929       -- 

OJJ. 

25.5 
28.4 
26.4 
29.9 
30.4 
30.7 
27.0 
19.1 
15.0 
13.4 
16.4 
21.3 
21.7 
23.7 
22.6 
23.2 
30.1 
21.9 
22.6 
29.4 
26.8 
27.4 
32.8 
30.7 
29.8 
28.4 
26.8 
32.5 
33.2 

op 
23.9 
25.4 
23.8 
28.3 
28.9 
30.2 
22.7 
17.6 
13.8 
12.6 
15.6 
20.3 
20.3 
22.7 
21.6 
22.2 
29.0 
20.4 
20.8 
27.3 
25.9 
25.7 
30.0 
29.4 
27.0 
26.2 
25.3 
30.4 
31.9 

Inchoj 
mercury 
0. 018 
.039 
.032 
.034 
.029 
.043 
.029 
.029 
.028 
.023 
.017 
.020 
.023 
.023 
.013 
.024 
.041 
.035 
.026 
.051 
.038 
.033 
».032 
.040 
.041 
.046 
.048 
.053 
.056 

Miles  per 

hour 

4.91 

4.92 

15.08 

25.37 

5.54 

<5.44 

4  5.40 

5.19 

»  2.  95 

2.79 

2.98 

2.42 

'5.06 

6.00 

6.21 

5.80 

5.87 

U5.94 

15.70 

14.77 

14.25 

14.21 

14.11 

10  10.  52 

10.49 

10.27 

10.20 

9.82 

9.59 

Inch 
0.0296 
.0568 
.0506 
.0482 
.0434 
.0598 
.0398 
.0428 
.0288 
.0230 
.0182 
.0203 
.0325 
.0336 
.0344 
.0370 
.0499 
.1040 
.0839 
.1423 
.1080 
.0943 
.1070 
.1160 
.0960 
.1094 
.1045 
.1007 
.1145 

Inch 
0.0181 

Jan.  31,  1929 

.0395 

Feb.  1,  1929 

.0331 

Feb  2  1929     -  .      .             

.0361 

Feb   3   1929 

.0321 

Feb  5,1929* 

.0467 

Feb  6  1929    ...             

.0308 

Feb  7  1929 

.0307 

Feb  8,  1929        

.0218 

Feb  9  1929                                    

.0175 

Feb.'  10,  1929 a.- 

Feb  12  1929*    .         

.0132 
.0147 

Feb.  13,  1929 

.0238 

Feb.  14,  1929  __ 

.0262 

Feb.  15,  1929 -- 

.0161 

Feb.  16,  1929 - - 

.0273 

Feb  17,  1929     _     

.0459 

Feb.  19,  1929  » 

.0811 

Feb.  20,  1929  __ - 

.0596 

Feb  21,  1929                               

.1108 

Feb.  22,  1929 

.0796 

Feb  23,  1929       

.0702 

Feb.  24,  1929 

.0674 

Feb.  26,  1929  » - 

.0662 

Feb  27,  1929                 -          

.0682 

Feb.  28,  1929 - 

.0762 

Mar.  1,  1929       

.0789 

Mar.  2,  1929 

.0838 

Mar.  3,  1929    

.0887 

Mean 

.0665 

.0484 

»  Anemometer  was  raised  one-fourth  inch. 

>  Anemometer  was  raised  one-fourth  inch  more. 

»  Pan  refilled. 

*  Covered  16  inches  more  of  top  of  wind  flume  and  lowered  anemometer  one-half  inch. 
»  Anemometer  raised  one-fourth  inch. 

»  Fan  speed  reduced. 

'  Changed  from  8-inch  fan  to  6-inch  fan. 

•  Changed  to  16-inch  fan. 

»  Based  on  1  estimated  value. 

»o  Placed  screen  to  reduce  wind  and  set  fan  back  9  Inches. 

During  the  latter  part  of  the  series  the  aspiration  psychrometer  was 
checked  against  an  Alluard  dew-point  hygrometer  to  determine,  if 
possible,  whether  the  aspiration  psychrometer  was  operating  satis- 
factorily. Some  difficulty  was  encountered  in  taking  the  readings  of 
the  dew  point  on  account  of  the  slowness  with  which  dew  deposited  on 
the  hygrometer.  However,  the  means  of  six  determinations  were 
found  to  differ  by  less  than  2}^  per  cent,  and  the  maximum  deviation 
was  9  per  cent. 

While  the  evaporation  observations  were  being  made,  a  pronounced 
roughening  of  the  surface  of  the  ice  due  to  the  wind  was  observed. 
This  increased  the  area  of  the  evaporating  surface  and  may  explain 
why  the  observed  evaporation  was  greater  than  the  computed  value. 

The  observed  evaporation  from  ice,  as  shown  in  the  tables,  varied 
between  0.0032  and  0.1423  inch  per  24  hours,  depending  on  the  differ- 
ence in  vapor  pressure  and  the  wind  velocity.  The  maximum  rate 
occurred  when  the  wind  was  blowing  14.77  miles  per  hour  (Table  9), 
and  the  minimum  rate  when  there  was  no  wind.     (Table  7.)     This 
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indicates  that  the  loss  from  ice  is  considerable  when  a  strong  wind  is 
blowing.  Fitzgerald  {11,  p.  590,  611)  working  in  Boston  in  1886  on 
the  evaporation  from  ice  in  pans  14.85  inches  in  diameter,  recorded  a 
loss  of  0.20  inch  per  24  hours  on  February  24,  1886,  when  the  wind 
velocity  was  12  miles  per  hour  at  the  elevation  of  the  pans.  It  is 
probable  that  even  higher  rates  occur  in  Colorado  under  outside 
conditions. 

EFFECT  OF  ALTITUDE  ON  EVAPORATION 

In  deriving  a  general  formula  for  the  evaporation  loss,  one  of  the 
factors  to  be  considered  is  the  effect  of  altitude  or  barometric  pressure. 
Experimenters  have  held  different  views  as  to  the  influence  of  altitude 
when  the  other  factors  remain  the  same.  Dalton,  as  reported  by 
Preston  {28,  'p.  426-427),  noted  when  measuring  the  vapor  pressure  of 
gases  that  the  rate  of  evaporation  decreased  as  the  pressure  of  the  air 
or  other  gas  increased.  Fitzgerald  {11)  carried  on  similar  experiments 
and  concluded  that,  in  general,  the  rate  of  oraporation  was  in  inverse 
proportion  to  the  pressure  of  the  atmosphere.  Meyer  {26,  p.  192-194) 
held,  however,  that  the  effect  of  barometric  pressure  is  taken  care  of 
by  the  change  in  the  difference  in  vapor  pressure,  due  to  the  altitude. 
Nevertheless,  for  any  definite  difference  in  vapor  pressure,  the  higher 
the  altitude  the  smaller  the  number  of  molecules  there  will  be  in  the 
atmosphere  to  obstruct  the  passage  of  the  vapor  from  the  water 
surface  to  the  air. 

Since  both  the  temperature  and  the  vapor  pressure  of  the  air  change 
when  the  atmospheric  pressure  is  decreased,  direct  observations  on 
the  effect  of  altitude  on  the  evaporation,  while  the  other  conditions 
remain  the  same,  have  been  difficult  to  obtain.  Observations  made 
by  Fortier  {13,  p.  305)  on  Mount  Whitney  at  elevations  of  between 
4,515  and  14,502  feet  to  determine  the  effect  of  altitude  on  evaporation 
are  not  conclusive.  These  show  that,  in  general,  evaporation  de- 
creases, but  they  show  also  that  temperature  decreases  as  altitude 
increases,  and  since  Fortier's  results  indicate  that  evaporation 
followed  temperature  more  closely  than  it  followed  altitude,  the  ques- 
tion arises  as  to  whether  it  was  altitude  or  temperature  variations  that 
caused  variations  in  the  evaporation. 

PROCEDURE 

To  overcome  the  difficulties  heretofore  encountered,  a  series  of 
observations  was  made  in  1927  in  which  the  problem  was  attacked 
in  a  different  manner. 

Formula  6  is  general  in  its  application,  in  so  far  as  the  effects  of 
vapor  pressure  and  wind  is  concerned,  as  is  shown  by  comparison  with 
the  results  of  tests  under  a  wide  range  of  conditions  as  already  reported 
and  with  the  results  of  nearly  2,000  observations  on  each  of  three  differ- 
ent types  of  tanks  extending  over  a  period  of  three  years  as  hereafter 
described.  Formula  6,  however,  applies  only  to  conditions  at  Fort 
Collins,  Colo.,  so  far  as  the  effect  of  altitude  is  concerned.  If  the 
wind  velocity  and  difference  in  vapor  pressure  are  measured  at  a  station 
of  different  elevation  and  these  values  substituted  in  the  formula,  the 
resulting  computed  evaporation  will  be  the  evaporation  that  would 
have  occurred  at  Fort  Collins  under  all  the  conditions  observed  at  the 
second  station,  and  the  difference  between  this  computed  evaporation 
and  the  evaporation  actually  observed  at  the  second  station  is  evi- 
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dently  that  due  to  the  difference  in  altitude.  It  follows,  then,  that 
the  difference  between  the  observed  evaporation  at  any  point  and  the 
evaporation  at  Fort  Collins  as  computed  by  the  formula  for  conditions 
similar  except  as  to  altitude,  is  the  evaporation  due  to  the  difference 
in  altitude  between  the  two  points. 

Two  series  of  observations  were  made  in  1927  at  Victor,  Colo., 
and  Fort  Calhoun,  Nebr.,  at  elevations  of  10,089  and  1,160  feet, 
respectively,  above  sea  level.  The  results  of  these  observations  indi- 
cated that  this  method  of  solving  the  problem  would  give  satisfactory 
results,  and  during  1928  observations  were  made  at  altitudes  extending 
over  a  wider  range.  These  were  made  at  Imperial,  Cahf.  (elevation 
68  feet  below  sea  level);  Lake  Tahoe,  Calif.  (6,300  feet);  Logan, 
Utah  (4,778  feet);  and  Pikes  Peak,  Colo.  (14,109  feet).  After  com- 
pleting these  tests  the  apparatus  was  set  up  at  Fort  Collins,  and  read- 
ings were  taken  to  determine  how  closely  the  computed  results  agreed 
with  the  results  observed  at  Fort  Collins. 

EQUIPMENT 

The  apparatus  used  in  making  these  tests  consisted  of  an  evapora- 
tion tank,  thermometers  for  determining  the  temperature  of  the  water 
surface  and  of  the  air  1  inch  above  it,  a  mercurial  barometer,  a 
psychrom.eter,  an  anemometer,  a  micrometer  hook  gauge  for  measuring 
the  evaporation,  and  a  rain  gauge.  The  evaporation  tank  which  was 
3  feet  square  and  10  inches  deep  was  used  previously  in  making 
observations  under  controlled  conditions  in  the  laboratory.  The 
tank  was  sunk  in  the  ground  to  within  about  1  inch  of  the  top,  and 
the  water  level  was  kept  at  about  the  same  distance  from  the  top. 
A  canvas  cover  was  provided  to  shelter  the  tank  from  rain,  but  it  was 
used  only  during  the  observations  at  the  summit  of  Pikes  Peak. 
The  shelter  was  supported  by  a  wire  frame  in  such  a  manner  that  the 
movement  of  the  air  over  the  tank  should  not  be  interfered  with. 
(PI.  6,  B.)  Before  each  series  of  tests  the  inside  of  the  tank  was 
given  a  coat  of  asphaltum  paint  so  as  to  maintain  uniform  conditions 
in  all  of  the  tests.  However,  as  is  explained  later,  a  change  in  the 
brand  of  paint  used  during  two  sets  of  observations  introduced  errors 
in  the  results  that  had  to  be  corrected  by  making  comparative  tests 
using  both  kinds  of  paint. 

The  waters  used  in  the  evaporation  tank  were  obtained  from  local 
sources  and  in  most  cases  were  quite  soft,  but  the  water  used  at 
Imperial,  Calif.,  was  noticeably  hard.  An  analysis  of  this  water 
showed  total  solids,  including  silt  in  suspension,  of  455  parts  per 
million,  whereas  that  of  the  water  from  Victor,  Colo.,  showed  total 
solids  of  only  61  parts  per  million.  Samples  of  the  other  waters  were 
not  tested  because  they  had  been  permitted  to  stand  for  some  time 
before  being  submitted  for  analysis,  and  testing  was  then  useless 
because  the  waters  had  dissolved  appreciable  quantities  of  the  glass 
from  the  containers. 

The  thermometers  used  were  12  inches  long  and  were  graduated 
into  half  degrees.  These  thermometers  were  compared  with  a  stand- 
ard thermometer  calibrated  by  the  United  States  Bureau  of  Standards 
and  with  one  exception  were  found  to  be  sufficiently  accurate.  As  the 
calibration  was  made  after  some  of  the  tests  had  been  completed,  it 
was  necessary  to  correct  the  results  obtained  with  that  thermometer. 
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Where  110-volt  electric  current  was  available  the  portable  aspira- 
tion psychrometer  (fig.  6)  was  driven  by  an  electric  motor;  otherwise 
the  psychrometer  fan  was  driven  by  a  crank  operating  a  train  of  gears. 
The  results  from  both  methods  were  checked  against  those  obtained 
with  a  large  aspiration  psychrometer,  similar  to  the  one  compared 
with  the  Alluard  dew-point  hygrometer  (p.  33).  The  results  were 
almost  identical. 

On  account  of  the  wide  range  of  barometric  pressures  encountered, 
two  barometers  were  required.  One  reading  down  to  20  inches  of 
mercury  was  used  in  most  of  the  tests,  but  for  the  observations  on 
Pikes  Peak  a  special  barometer  reading  to  14  inches  was  necessary. 
Both  were  compared  with  standard  barometers,  and  the  errors  were 
found  to  be  negligible.  The  observations  at  Victor,  Colo,  (elevation, 
10,089  feet),  were  made  before  the  special  high-altitude  barometer 
was  obtained,  and  for  these  two  aneroid  barometers  w^ere  used.  It 
was  found,  however,  that  these  instruments  were  not  sensitive  at  this 
altitude,  and  it  was  necessary  to  compute  the  barometric  pressure 
from  the  known  altitude  of  the  point  and  the  barometer  reading  at 
Fort  Collins,  Colo.  Owing  to  the  fluctuation  of  barometer  readings 
with  weather  conditions,  the  mean  barometer  reading  as  computed 
from  the  altitude  may  differ  slightly  from  the  true  mean  reading 
for  the  period. 

The  wdnd  velocities  were  determined  by  a  Robinson  anemometer. 
Since  the  ground  velocity  was  desired,  the  anemometer  was  set  in  a 
pit  so  that  the  bottoms  of  the  cups  were  about  1  inch  above  the 
ground  surface.  The  anemometer  was  compared  with  a  Robinson 
anemometer  calibrated  by  the  Bureau  of  Standards.  Since  the  two 
instruments  did  not  agree,  a  comparison  diagram  was  prepared  from 
which  the  true  wind  velocity  could  be  read. 

The  micrometer  hook  gage  (fig.  5)  was  attached  to  a  standard 
bolted  to  the  side  of  the  evaporation  tank.  The  water  level  at  the 
center  of  the  evaporation  tank  was  transmitted  through  a  pipe  to  a 
stilling  w^ell  in  which  the  level  was  read  with  the  hook  gage.  The 
water  level  at  the  center  of  the  evaporation  tank  was  measured  in 
order  to  eliminate  the  effect  of  the  wind  in  tilting  the  w^ater  surface. 

A  special  small-sized  rain  gage  was  used  for  measuring  the  precipi- 
tation. This  was  compared  with  the  standard  Weather  Bureau  type 
of  rain  gage  at  Fort  Collins,  and  although  the  ^ages  agreed  quite 
closely  as  a  rule,  occasionally  there  was  considerable  variation. 
Periods  of  heavy  rain  were  excluded  from  the  records,  and  since  errors 
in  measuring  light  precipitation  w^ould  have  relatively  little  effect  on 
the  measured  evaporation,  the  occasional  errors  in  the  rain  gage 
probably  had  little  influence  on  the  results. 

Each  series  of  observations  extended  over  a  period  rangmg  trom 
eight  days  to  two  weeks,  during  which  readings  were  taken  every 
three  hours,  except  between  midnight  and  6  a.  m.  when  no  inter- 
mediate readings  were  taken,  since  sudden  changes  m  temperature 
and  vapor  pressure  seldom  occurred  at  that  time. 

In  locating  the  equipment,  care  was  taken  to  choose  a  position  as 
free  as  possible  from  local  obstructions,  but  at  Victor,  Colo.,  and  Lake 
Tahoe,  Calif.,  the  topography  did  not  permit  selecting  an  ideal  loca- 
tion. The  apparatus  and  its  location  with  respect  to  the  topograptnc 
features  are  shown  for  each  installation  in  Plates  3,  C  to  6,  B, 
inchisive. 
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PLATE  4 


Environs  of  installation  for  determining  the  effect  of  altitude  on  evaporation:  A,  Victor,  Colo.;  B, 

Fort  Calhoun,  Mebr. 
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Plate  5 


Environs  of  installation  for  determining  the  effect  of  altitude  on  evaporation:  A,  Imperial,  Calif. 
B,  Lake  Tahoe.  Calif.;  C,  Logan,  Utah 


Tech.  Bui.  271,  U.  S.  Dept.  of  Agriculture 


PLATE  6 


I 


> 


^.'.     ^"^-ll 


A,  Equipment  (canvas  shelter  removed)  and  environs  of  installation  for  determining  the  effect 
of  altitude  on  evaporation  at  Pikes  Peak.  Colo.;  B,  canvas  shelter  for  equipment  at  Pikes 
Peak,  Colo. 
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OBSERVATIONS 

The  results  of  the  observations  at  the  different  locations  are  given 
in  Table  10,  which  shows  for  each  day  the  precipitation;  the  mean 
barometer  reading  reduced  to  32°  F. ;  the  weighted  mean  of  the  tem- 
perature of  the  air  and  water,  of  the  ground  wind  velocity,  and  of  the 
difference  in  vapor  pressure;  the  observed  evaporation  in  inches  per 
24  hours;  the  total  computed  evaporation  in  inches  per  24  hours, 
obtained  by  substituting  the  observed  data  for  each  period  in  evapora- 
tion formula  6;  and  the  ratio  of  the  observed  evaporation  to  the 
computed  evaporation. 

Since  the  computed  evaporation  for  each  day  was  obtained  by  sub- 
stituting in  formula  6  the  observed  data  for  that  day,  the  mean  results 
for  a  series  (Table  12)  will  not  be  the  same  as  those  which  would  be 
arrived  at  by  substituting  in  the  formula  the  means  of  the  observed 
data  for  that  series. 

Table  10. — Influential  meteorological  factors,  and  evaporation  as  observed  and  as 
computed  from  formula  6,  at  stations  of  different  altitudes 

VICTOR,  COLO.  (ELEVATION,  10,089  FEET) 


Date 


Precipi- 
tation 


Mean 
barom- 
eter! 
reading 


IVIean  tempera- 
ture 


Air 


Water 


Mean 
groimd 
wind  ve- 
locity 


Mean  va- 
por pres- 
sure dif- 
ference, 
e.-ti 


Evaporation 


Observed 

Computed 

per  24 
hours 

per  24 
nours 

Inch 

Inch 

0.229 

0.198 

.187 

.168 

.189 

.166 

.106 

.138 

.179 

.177 

.170 

.166 

.127 

.108 

».077 

3.098 

Ratio  ob- 
served to 
computed 


Aug.  14,  1927.. 
Aug.  15,  1927.. 
Aug.  16,  1927.. 
Aug.  17,  1927.. 
Aug.  18,  1927- . 
Aug.  19,  1927.. 
Aug.  20,  1927.. 
Aug.  21,  1927.. 


Inch 


0.040 


Inehe$ 
of  mer- 
cury 

i 

(») 
(») 
(' 

5? 


op 

55.8 
52.2 
53.6 
47.2 
50.1 
49.8 
48.6 
46.5 


57.2 
55.0 
53.9 
52.8 
56.4 
55.7 
53.4 
55.2 


Miles  per 
hour 
3.46 
4.58 
3.04 
2.32 
2.54 
3.69 
2.41 
2.46 


Inch.of 

mercury 

0.222 

.177 
.204  I 
.170  I 
.210  I 
.176  I 
.148  I 
.181  I 


1.150 
1.112 
1.139 

.770 
1.012 
1.031 
1.176 

.786 


FORT  CALHOUN,  NEBR.  (ELEVATION,  1,160  FEET) 


Sept.  14,  1927. 
Sept.  16, 1927. 
Sept.  16,  1927. 
Sept.  17,  1927. 
Sept.  18,  1927. 
Sept.  19, 1927. 
Sept.  20,  1927. 
Sept.  21,  1927. 
Sept.  22,  1927. 


0.024 


.608 


28.61 
28.66 
28.80 
28  72 
28.73 
28.88 
28.82 
28.93 
28.90 


82.6 
82.8 
77.9 
79.5 
69.7 
65.9 
52.7 
48.8 
54.2 


78.8 
80.5 
79.2 
81.6 
75.0 
63.1 
69.6 
65.9 
57.2 


2.33 
1.43 
1.35 
.67 
2.14 
1.05 
1.60 
.89 
.67 


0.345 
.319 
.271 
.286 
.418 
.332 
.274 
.224 
.235 


0.243 
.191 
.132 
.126 
.299 
.176 
.179 
.122 
.103 


0.263 
.206 
.162 
.152 


197 
177 
126 
126 


0.960 
.928 
.817 


.894 
1.012 
.968 
.824 


IMPERIAL,  CALIF.  (ELEVATION,  -68  FEET) 


May  15, 1928. 
May  16,  1928. 
May  17  1928. 
May  18  1928. 
May  19  1928. 
May20  1928. 
May  21,  1928. 
May  22,  1928. 
May  23,  1928- 
May  24,  1928. 
May  25,  1928- 
May  26,  1928. 
May  27,  1928. 
May  28,  1928. 


29.77 
29.86 
29.89 
29.92 
29.94 
29.94 
29.88 
29.84 
29.84 
29.86 
29.87 
29.86 
29.81 
29.79 


75.8 

70.3 

76.2 

78.7  1 

81.8 

80.7 

81.6 

83.4 

84.3 

83.6 


86. 


70.3 
68.3 
77.6 
79.3 
79.0 
78.9 
79.3 
79.1 
79.0 
82.0 
82.3 
82.2 
81.9 
82.4 


6.67 
2.80 
1.04 


32 


70 

52 

70 

20 

26 

1.48 

1.40 

1.78 

1.54 


0.509 
.401  i 
.562  ; 
.594  I 
.627  I 
.641  ! 
.631  1 
.712  i 
.653  ! 
.701 
.722 
.767 
.708 
.762 


0.652 
.354 
.263 
.337 
.368 
.386 
.371 
.420 
.328 
.349 
.403 
.411 
.449 

<.378 


0.605 
.352 
.328 
.376 
.422 
.444 
.448 
.466 
.385 
.423 
.454 
.478 
.478 

*.443 


0.912 
1.005 
.803 
.897 
.872 
.870 
.869 
.901 
.862 
.826 


,863 


See  footnotes  at  end  of  table. 
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Table  10. — Influential  meteorological  factors,  and  evaporation  as  observed  and  as 
computed  from  formula  6,  at  stations  of  different  altitudes — Continued 

LAKE   TAHOE,  CALIF.  (ELEVATION,  6,300  FEET) 


Precipi- 
tation 

Mean 
barom- 
eter 1 
reading 

Mean  tempera- 
ture 

Mean 
ground 
wind  ve- 
locity 

Meanva-                 Evaporation 
Dor  pres- 

Date 

Air 

Water 

sure  dif- 
ference,   Observed 
et-Cd    !    per  24 

1     hours 

! 

Computed 
per  24 
hours 

Ratio  ob- 
served to 
computed 

June  9,  1928 

Inch 

Inches 
of  mer- 
cury 
23.87 
23.68 
23.61 
23.74 
23.82 
23.84 
23.85 
23.81 
23.76 
23.70 
23.72 
23.71 
23.78 

"  F. 
68.0 
66.4 
40.0 
49.0 

.  64.8 
66.4 
56.3 
67.0 
57.8 
58.4 
56.4 
60.2 
56.3 

°  F. 
64.5 
60.2 
49.9 
52.0 
61.7 
63.9 
63.9 
64.2 
66.1 
65.6 
64.2 
66.5 
62.7 

Miles  per 
hour 

0.82 

2.22 

.78 

.38 

.80 

.65 

.85 

1.09 

.86 

1.33 

.68 

1.55 

1.25 

Inch.of  i 

mercury  \      Inch 
0.413          0.2.56 
.387  i          .324 
.161             .067 
.151  i          .064 
.330             .180 
.354             .201 
.  405  i          .  235 
.426             .258 
.401             .229 
.456  ;          .284 
.  442  :          .  235 
.  427  1          . 277 
.  399  '          .  270 

Inch 
0.234 
.279 
.089 
.076 
.184 
.192 
.229 
.259 
.231 
.274 
.238 
.266 
.252 

1  094 

June  10,  1928 

June  11,  1928 

June  12,  1928 

June  13,  1928 

Trace. 
0.156 
.015 

1.160 
.753 

.842 
979 

June  14,  1928-. 

1  047 

June  15,  1928 

1  025 

June  16,  1928 

997 

June  17,  1928  .    . 

992 

June  18,  1928 

1.036 

June  19,  1928 

988 

June  20,  1928 

1  041 

June  21,  1928 

1  072 

LOGAN,  UTAH   (ELEVATION,  4,778  FEET) 


June  26,  1928. 
June  27,  1928. 
June  28,  1928. 
June  29,  1928. 
June  30,  1928- 
July  1,  1928.. 
July  2,  1928.. 
July  3,  1928.. 
July  4,  1928.. 
July  5,  1928.. 
July  6,  1928- . 
July  7,  1928... 
July  8, 1928... 
July  9, 1928... 


0.001 


.106 


.043 
.138 


24.97  I 
24.92 

24. 96 

24. 97  I 
26. 07 
26.02 
26. 13  ! 
25.06  i 
26.06  ! 
25.06  i 
26.06  : 
26.21  i 
26.28  ! 
25. 16  i 


72.8 

71.8 

L90 

0.467 

<  0. 235 

72.6 

73.4 

L86 

.669 

.318  1 

69.8 

7L2 

L91 

.533 

.320  1 

69.9 

73.1 

L27 

.645 

.289  1 

65.1 

70.2 

1.42 

.471 

.273  i 

62.7 

69.5 

L30 

.403 

.215  ! 

63.0 

67.8 

1.60 

.389 

.220 

71.7 

71.3 

2.17 

.609 

.329 

70.3 

69.3 

2.69 

.616 

.371 

73.4 

71.2 

2.67 

.627 

.378 

69.3 

72.8 

L46 

.479 

.299  1 

65.4 

60.8 

1.68 

.260 

.186 

64.6 

68.1 

2.22 

.422 

.261  : 

71.3 

70.9 

2.47 

.499 

.334 

i 

*  0. 269 
.366 
.366 
.327 
.291 
.256 
.238 
.346 
.392 
.394 
.301 
.166 
.282 
.362 


0.907 
.896 
.902 
.884 
.939 
.840 
.926 
.961 
.947 
.960 
.994 

1.120 
.927 
.949 


PIKES  PEAK,  COLO.  (ELEVATION,  14,109  FEET) 


Aug.  12,  1928 

18.060 
18. 076 
18. 073 
18.084 
18.083 
18.091 
18. 086 
18.091 
18.061 
18.083 
18.049 
17.962 

39.7 
38.8 
41.6 
42.3 
42.2 
36.7 
36.9 
43.6 
45.6 
41.4 
41.6 
36.9 

42.6 
39.7 
42.9 
43.1 
47.5 
42.4 
36.3 
45.0 
45.3 
42.3 
4L9 
38.7 

4.62 

2.49 

3.23 

4.06 

4.61 

3.26 

6.01 

4.77 

10.24 

11.03 

12.73 

9.65 

0.119 
.100 
.110 
.101 
.122 
.070 
.089 
.188 
.189 
.123 
.094 
.086 

<  0.094 
<.066 
.097 
.098 
.116 
.079 
.096 
.195 
.283 
.197 
.179 
.151 

<  0.090 
«.068 
.089 
.091 
.111 
.058 
.091 
.183 
.288 
.196 
.174 
.133 

1  045 

Aug.  13,  1928 

.970 

Aug.  14,  1928 

1  089 

Aug.  16,  1928 

1.077 

Aug.  16,  1928 



1.045 

Aug.  17,  1928. 

Aug.  18,  1928 

0.030 

L362 
1.044 

Aug.  19,  1928 

1.066 

Aug.  20,  1928 

.983 

Aug.  21,  1928. 

1.005 

Aug.  22,  1928 



1.028 

Aug.  23,  1928 

Rain. 

L135 

See  footnotes  at  end  of  table. 
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Table   10. — Influential  meteorological  factors,  and  evaporation  as  observed  and  as 
computed  from  formula  6,  at  stations  of  different  altitudes — Continued 

FORT  COLLINS,  COLO.  (ELEVATION,  5,000  FEET) 


Precipi- 
tation 

Mean 
barom- 
eter! 
reading 

Mean  tempera- 
ture 

Mean 
ground 
wind  ve- 
locity 

Mean  va- 
por pres- 
sure dif- 
ference, 
e,-ed 

Evaporation 

Date 

Air 

Water 

Observed 
per  24 
hours 

Computed 
per  24 
hours 

Ratio  ob- 
served to 
computed 

Sept.  10,  1928    -. 

Inch 

Inches 
of  mer- 
cury 
24.961 
24.971 
24. 935 
24.833 
25.  044 
25. 108 
25.197 
25.288 
25.060 
24.882 
24.923 
25.240 
25.234 
25.198 
25.067 
25.048 
24.974 
25.143 
25.044 
25.121 
25.040 
24.934 
24.966 
24.  727 
24.  676 
25.001 
25.150 
25. 146 
25.034 
25.114 
24.868 
24.701 
25.046 
25.150 
25.033 

0  jr 
60.6 
56.5 
54.8 
61.0 
57.7 
57.8 
62.8 
59.6 
62.4 
65.0 
61.3 
48.5 
52.3 
62.4 
63.4 
50.0 
51.2 
47.7 
52.9 
58.6 
58.1 
6L3 
51.0 
54.8 
58.2 
51.2 
51.4 
51.4 
59.8 
54.8 
60.7 
52.1 
43.8 
43.0 
46.2 

op 
64.2 
58.9 
60.0 
61.8 
56.5 
63.2 
65.2 
63.9 
65.6 
62.0 
62.2 
55.6 
59.1 
59.7 
59.0 
58.1 
57.4 
54.8 
52.8 
57.0 
61.0 
60.4 
57.8 
68.0 
57.8 
64.6 
66.2 
64.0 
57.2 
67.9 
60.0 
66.3 
48.8 
48.7 
50.2 

Miles  per 

hour 

0.80 

L41 

1.68 

2.40 

3.40 

.66 

1.69 

.99 

.54 

L14 

2.00 

.61 

.70 

.86 

.65 

L04 

.82 

.38 

.84 

.93 

.56 

1.43 

.64 

.68 

L44 

Lll 

.35 

.61 

.61 

.40 

.65 

1.24 

L07 

.76 

.56 

Inch.of 
mercury 
0.313 
.210 
.314 
.359 
.279 
.346 
.352 
.321 
.299 
.283 
.278 
.209 
.296 
.305 
.275 
.259 
.230 
.266 
.178 
.245 
.312 
.298 
.288 
.292 
.271 
.262 
.279 
.217 
.276 
.282 
.307 
.247 
.133 
.128 
.153 

Inch 
0.172 
.120 
.209 
.247 
.256 
.169 
.189 
.171 
.151 
.162 
.200 
.102 
.157 
.145 
.129 
.143 
.128 
.137 
.090 
.140 
.155 
.169 
.143 
.155 
.175 
.171 
.122 
.127 
.140 
.134 
.144 
.147 
.065 
.066 
.079 

Inch 
0.165 
.126 
.220 
.260 
.246 
.180 
.216 
.187 
.150 
.169 
.199 
.109 
.161 
.168 
.141 
.142 
.121 
.139 
.102 
.143 
.163 
.176 
.156 
.154 
.166 
.162 
.137 
.116 
.140 
.142 
.167 
.143 
.074 
.070 
.080 

1.041 

Sept.  11,  1928.... 
Sept.  12,  1928 

0.035 

.953 
.951 

Sept.  13,  1928..-. 

.950 

Sept.  14,  1928 

1.040 

Sept.  15,  1928 



.939 

Sept.  16,  1928 

.876 

Sept.  17,  1928     .. 

.915 

Sept.  18,  1928 

.... 

L006 

Sept.  19,  1928     ..! 

.959 

Sept.  20,  1928 029 

Sept.  21,  1928     

1.005 
.937 

Sept.  22,  1928 

Sept.  23,  1928 i 

.976 
.863 

Sept.  24,  1928 

.916 

Sept.  25,  1928 

1.007 

Sept.  26,  1928 .... 





1.058 

Sept.  27,  1928 

.986 

Sept.  28,  1928     .. 

.882 

Sept.  29,  1928 

.979 

Sept.  30,  1928     .. 

.962 

Oct.  1,  1928 

.961 

Oct.  2,  1928 

.917 

Oct.  3,  1928 

L006 

Oct.  4,  1928 

Oct.  5,  1928 

0.012 

1.061 
1.065 

Oct.  6,  1928 

.891 

Oct.  7,  1928     

1.094 

Oct.  8,  1928 

1.000 

Oct.  9,  1928     

.944 

Oct.  10,  1928 

.917 

Oct.  11,  1928  - 

L028 

Oct.  18,  1928  8.... 

.878 

Oct.  19,  1928 

.943 

Oct.  20,  1928 

.988 

1  Barometer  readings  reduced  to  32°  F. 

*  Computed  from  altitude. 

» 18-hour  period. 

<  21-hour  period. 

«  Observations  discontinued  from  Oct.  12  to  Oct.  17  on  account  of  stormy  weather. 

The  effect  of  altitude  on  evaporation  is  shown  by  the  differences 
between  the  observed  and  computed  evaporation  in  Table  10  and 
also  by  ratios.  Since  the  rate  of  evaporation  at  the  different  alti- 
tudes is  a  variable,  the  actual  differences  are  not  comparable  one 
station  with  another.  For  that  reason  the  ratios  were  determined. 
In  view  of  the  fact  that  only  a  short  series  of  observations  could  be 
taken  at  each  station,  and  since  errors  are  inherent  in  all  evaporation 
observations,  the  mean  ratio  of  the  observed  to  the  computed  evap- 
oration probably  does  not  show  the  true  influence  of  altitude.  How- 
ever, by  computing  the  probable  error  for  the  series  it  is  possible  to 
state  the  limits  within  which  the  error  probably  lies. 

A  study  of  Table  10  shows  that  there  are  considerable  variations 
in  the  ratios  of  observed  to  computed  evaporation  at  each  station, 
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and  that  the  greatest  variations  occur  during  periods  of  rainful.  A 
summary  of  the  mean  results  (Table  12)  shows  that  evaporation 
increased  with  the  altitude. 

The  niean  ratios,  plotted  as  dots,  are  shown  graphically  in  Figure 
7  in  which  the  barometric  readings  are  the  ordinates  and  the  mean 
ratios  are  the  abscissas.  The  small  arrows  are  the  probable  errors  of 
the  points.  The  plotted  points  show  also  that  the  ratio  increases 
as  the  altitude  increases,  but  it  is  evident  that  the  ratio  for  Logan, 
Utah,  is  too  small.  This  fact  was  noted  while  taking  the  observa- 
tions, but  a  careful  scrutiny  of  the  procedure  there  failed  to  disclose 
the  cause.  However,  it  was  recalled  later  that  a  different  brand  of 
asphaltic  paint  was  used  in  coating  the  interior  of  the  tank  at  Logan 


Imperial,  Calif.- 

Elev.-6&fee^ 


Ft.Calhoun,  Nebr. 

Ele\/.  1,160  feei 


.88     .90     .92     .94     .96     .98      1.00    1.02    1.04    1.06    1.08    I.IO     I.i2 
Ratio  of  observed  to  computed  evaporation 

Figure  7.— The  effect  of  altitude  on  the  evaporation  as  indicated 
by  the  relation  between  the  barometric  pressure  and  the  ratio  of 
the  observed  evaporation  to  the  evaporation  as  computed  by 
formula  6.  This  formula  takes  into  account  the  variation  in  the 
wind  velocity  and  the  vapor  pressure,  but  it  is  applicable  only 
to  the  condition  at  Fort  Collins  so  far  as  the  altitude  is  concerned. 
The  ratios  are  shown  in  the  diagram  instead  of  the  actual  differ- 
ences. The  arrows  indicate  the  probable  errors  of  the  observa- 
tions at  each  evaporation  station 

and  after  the  tests  were  completed  at  the  summit  of  Pikes  Peak 
where  the  same  brand  of  paint  was  used,  the  apparatus  was  set  up 
at  Fort  Collins  to  determine  how  much  of  the  error  was  due  to  the 
use  of  this  paint. 

After  coating  the  interior  of  the  tank  with  the  paint  in  question, 
the  apparatus  was  installed  in  the  usual  manner  at  the  laboratory  at 
Fort  Collins,  and  a  series  of  observations  was  made  covering  a  period 
of  11  days.  The  results  are  given  in  Table  11.  According  to  the 
theory  involved  in  determining  the  effect  of  altitude  by  the  method 
used,  the  ratio  of  the  observed  to  the  computed  evaporation  at  Fort 
Collins  should  be  1.000.  Table  11  shows  that  the  mean  ratio  for  the 
period  was  0.927  ±  0.0076,  indicating  that  the  use  of  this  particular 
paint  tended  to  reduce  evaporation. 
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Table  11. — Influential  meteorological  factors  and  evaporation  as  observed  and  as 
computed  from  formula  6,  at  Fort  Collins,  Colo.,  {elevation  6,000  feet),  in  tests  to 
determine  the  influence  on  evaporation  of  special  paint  used  in  coating  tank  for 
tests  at  Logan,  Utah,  and  Pikes  Peak,  Colo. 


Precip- 
itation 

Mean  ba- 
rometer 
reading » 

Mean  tempera- 
ture 

Mean 
ground- 
wind 
veloc- 
ity 

Mean 

vapor 

pressure 

difference 

e,-ed 

Evaporation 

Date 

Air. 

Water 

Observed 
per  24 
hours 

Com- 
puted per 
24  hours 

Ratio  ob- 
served to 
computed 

Aug.  29, 1928... 
Aug.  30, 1928 

Inch 

Inches  of 
mercury 
25.108 
25. 152 
25. 132 
25.213 
26.227 
25. 160 

25.  070 

25. 138 

25. 139 
25.066 

26.  018 

67.0 
63.4 
62.8 
61.7 
69.4 
61.3 
69.1 
65.6 
61.9 
66.6 
68.7 

op 

68.6 
68.4 
64.7 
66.0 
61.6 
63.1 
62.6 
66.9 
67.3 
67.4 
67.1 

Miles  per 
hour 
1.07 
.68 
.77 
.79 
.91 
.66 
.86 
.72 
.66 
.60 
.79 

Inch  of 
mercury 
0.360 
.389 
.306 
.297 
.264 
.289 
.283 
.380 
.366 
.330 
.377 

Inch 
0.186 
.207 
.163 
.149 
.126 
.143 
.148 
.186 
.178 
.163 
.201 

Inch 
0.201 
.212 
.164 
.166 
.149 
.156 
.159 
.206 
.192 
.166 
.211 

0.920 
.977 

Aug.  31, 1928... 

.933 

Sept.  1,  1928  . 

.903 

Sept.  2,  1928... 
Sept.  3,  1928.. 

0.002 

.846 
.917 

Sept.  4,  1928... 
Sept.  5,  1928... 

.031 

.931 
.904 

Sept.  6,  1928  . 

.927 

Sept,  7,  1928... 

.982 

Sept.  8,  1928.. 

.963 

Mean 

26. 129 

2.927 

1 

Barometer  readings  reduced  to  32*"  F. 


» Probable  error  d=0.0076. 


Another  series  of  observations  covering  a  period  of  35  days  was  then 
made  at  Fort  Collins  using  the  original  brand  of  paint.  The  results 
are  shown  in  Table  10.  The  mean  ratio  of  the  observed  to  the  com- 
puted evaporation  for  this  series  was  0.968  ±  0.0067.  The  difference, 
0.968  —  0.927  =  0.041,  represents  the  change  due  to  the  different  brand 
of  asphaltic  paint.  Whether  this  difference  is  significant  can  be 
determined  as  follows  {16 y  pp.  26-43;  24:  18): 

Probable  error  of  the  difference  =  70.0076"  +  0.0067^  =  ±0.0101. 
Difference  0.041 


Probable  error  of  difference    0.0101 


=  4.06 


that  is,  the  difference  is  4.06  times  the  probable  error  of  the  difference. 
The  odds  that  this  difference  is  significant  are  162  to  1  (16),  and  con- 
sequently the  mean  ratios  for  Logan  and  Pikes  Peak  have  been  in- 
creased by  0.041  to  correct  the  error  caused  by  using  the  different 
brand  of  asphaltic  paint.  The  corrected  points,  plotted  as  circles  on 
Figm-e  7,  fall  quite  close  to  a  mean  line  drawn  through  all  the  points. 
The  point  for  Victor,  Colo.,  is  farthest  from  the  line,  but  it  will  be 
noted  that  the  probable  error  for  this  point  is  the  greatest  of  any  of  the 
series,  and  therefore  a  greater  variation  is  to  be  expected. 

DERIVATION  OF  FORMULA 

The  equation  of  the  mean  line  derived  by  the  method  of  least 
squares,  is 

E=  (1.439 -0.0186  5),  (8) 

in  which  R  and  B  are  as  given  on  page  2.  This  is  the  equation  of  the 
line  shown  in  Figure  7.  It  passes  through  all  the  points  within  the 
limits  of  their  probable  errors.     Since  the  results  of  any  other  series 
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of  an  equal  number  of  observations  at  the  same  location  are  as  likely 
as  not  to  fall  anywhere  within  the  limits  of  the  probable  error,  the 
plotted  points  fall  closer  to  the  line  than  could  reasonably  be  expected 
from  the  theory  of  errors.  For  Fort  Collins,  the  line  shows  a  ratio  of 
0.974,  but  as  previously  explained  tests  of  formula  6  under  a  wide 
range  of  conditions  and  on  both  sunken  and  floating  tanks  (Table  16) 
show  that  at  Fort  Collins  the  ratio  should  be  1.000.  To  satisfy  this 
requirement  it  was  necessary  to  increase  the  constant  in  equation  8 
by  the  difference  between  1.000  and  0.974  or  0.026.  The  resulting 
equation  is 

i?=  (1.465-0.0186  B).  (9) 

This  obviously  changes  the  ratio  for  all  the  other  points  by  a  similar 
amount  but  does  not  change  appreciably  their  relation  to  the  evapora- 
tion at  Fort  Collins.  If  it  were  possible  to  carry  on  the  observations 
at  each  point  for  several  years,  the  points  would  presumably  fall  on 
the  new  line.  The  mean  ratios  computed  by  formula  9  are  given  in 
Table  12,  the  stations  being  arranged  in  the  order  of  increasing  alti- 
tude. A  comparison  of  the  computed  ratios  with  the  observed  ratios 
as  corrected  shows  that  the  maximum  deviation  is  5.4  per  cent. 
That  is,  the  maximum  deviation  of  the  mean  computed  evapora- 
tion from  the  mean  observed  evaporation  as  corrected,  for  the  wide 
range  of  altitudes  and  meteorological  conditions  encountered  in  the 
observations,  was  5.4  per  cent. 

Table  12. — Summary  of  the  results  of  observations  on  the  influence  of  altitude  on 
evaporation,  and  comparison  of  corrected  ratio  of  evaporation  as  observed  to  that 
computed  by  formula  6,  with  ratio  computed  by  formula  9 


Days 
Station                       of 
record 

Mean 
barom- 
eter 

read- 
ing 

Alti- 
tude 
above 
sea 
level 

Ratio,  ob- 
served to 
computed 
evaporation 

Corrected 
ratio,  ob- 
served to 
computed 
evaporation 

Ratio 
com- 
puted by 
formula 
9 

Devia- 
tion from 
corrected 
ratio 

^Number 
Imperial,  Calif 14 

Inches  of 
mercury 
29.86 
28.77 
25.06 
25.  024 
23.76 
120.8 

Feet 

-68 

1,160 

4,778 

6,000 

6,300 

10,  089 

14, 109 

0. 881d=0. 0090 
.  917±  .  0185 
.939±  .0117 
.  968±  .  0067 
1.  002±  .  0197 
1.  023±  .  0385 
1.  071±  .  0199 

0. 881±0. 0090 
.  917±  .  0185 
.  980±  .  0117 
.  968±  .  0067 
1.002zt  .0197 
1.  023±  .  0385 
1. 112±  .  0199 

0.910 
.930 
.999 
1.000 
1.023 
1.078 
1.129 

Per  cent 
3.  a 

Fort  Calhoun,  Nebr •          9 

Logan,  Utah |         14 

1.4 
1.9 

Fort  Collins,  Colo '         35 

3.3 

Lake  Tahoe,  Calif .J         13 

2.1 

Victor,  Colo 8 

5.4 

Pikes  Peak,  Colo {         12 

1 

18.067 

1.5 

>  Computed  from  known  altitude  at  Victor,  Colo.,  and  barometer  reading  at  Fort  Collins,  Colo. 

Adding  the  correction  factor  for  altitude  i?  =  1.465  — 0.0186  B,  to 
evaporation  formula  6,  gives  the  following  general  evaporation  for- 
mula for  any  altitude  from  68  feet  below  sea  level  to  14,109  feet  above 
sea  level, 


£'=(1.465-0.0186  J5)  (0.44  +  0.118TF)  {e,-ea). 


(10) 


To  simplify  the  use  of  the  formula,  Table  13,  giving  values  of  the 
altitude  factor  (1.465  —  0.0186  B),  has  been  prepared  for  each  1,000 
feet  in  elevation  from  0  to  15,000. 


EVAPORATION  FROM  FREE  WATER  SURFACES 


43 


INFLUENCE  OF  SIZE  AND  SHAPE  OF  TANK  ON  EVAPORATION  AT  FORT 

COLLINS,  COLO. 

The  observations  under  both  controlled  and  exposed  conditions 
from  which  general  evaporation  formula  10  was  derived,  were  all 
made  on  tanks  3  feet  square.  It  was  thought  desirable  to  make 
observations  on  tanks  of  different  shapes  and  sizes  to  determine  the 
influence  of  these  factors  on  the  evaporation  and  also  to  see  how  closely 
the  results  computed  from  the  evaporation  formula  agreed  with  the 
observed  evaporation  from  the  different  tanks. 


EQUIPMENT 

Observations  were  made  on  three  different  standard  evaporation 
tanks  and  on  an  artificial  reservoir  85  feet  in  diameter.  The  standard 
tanks  consisted  of  a  United  States  Geological  Survey  floating  pan,  a 
Colorado  sunken  pan,  and  a  United  States  Weather  Bureau  class  A 
land  pan.  It  was  originally  planned  to  construct  a  metal-lined  tank 
100  feet  in  diameter  for  the  large  evaporation  pan,  but  this  did  not 
prove  feasible  so  the  storage  reservoir  at  the  hydraulic  laboratory 
was  lined  for  this  purpose. 

Table  13. — Values  of  the  factor  (1465-0.0186B)  for  altitudes  of  from  0  to  16,000 

feet  above  sea  level 


Altitude  feet 


0..-. 

1,000 
2,000 
3,000 
4,000 
5,000. 
6,000 
7,000 


Barom- 
eter read- 
ing! 

Altitude 
factor 

Inches  of 

mercurv 

29.90 

0.91 

28.82 

.93 

27.78 

.95 

26.78 

.97 

25.81 

.98 

24.88 

1.00 

23.98 

1.02 

23.11 

1.04 

Altitude  feet 


Barom- 
eter read- 
ing! 


8,000.. 
9,000.. 
10,000. 
11,000- 
12,000. 
13,000. 
14,000. 
16,000. 


Inches  of 
mercury 
22.28 
21.47 
20.70 
19.96 
19.23 

18.63 ; 

17.86  ! 
17.22 


Altitude 
factor 


1.06 
1.07 
1.08 
1.09 
1.11 
1.12 
1.13 
1.14 


1  Mean  barometer  reading  at  32*  F.  from  Smithsonian  Meteorological  Tables  (5f). 

The  United  States  Geological  Survey  standard  floating  pan  is 
a  galvanized-iron  tank  3  feet  square  and  Iji  feet  deep.  It  was  set 
near  the  center  of  the  large  reservoir  with  its  top  edge  about  3  inches 
above  the  water  surface,  as  shown  in  Plate  7,  A,  and  Figure  8.  The 
maximum  distance  from  the  top  edge  of  the  tank  to  the  water  surface 
was  dji  inches,  and  the  minimum  2%  inches.  According  to  the  stand- 
ard plan  of  the  Geological  Survey  the  tank  is  floated  within  a  raft,  but 
since  the  depth  of  water  in  the  large  reservoir  had  a  maximum  varia- 
tion of  only  1  inch,  it  was  thought  that  better  results  could  be  obtained 
by  supporting  the  tank  in  a  fixed  position  because  of  the  difficulty  in 
obtaining  accurate  gage  readings  in  a  floating  tank.  During  the 
first  season  the  tank  was  in  use,  some  difficulty  was  experienced  on 
account  of  water  splashing  into  the  tank  from  the  reservoir  during 
heavy  winds.  This  condition  was  corrected  by  building  a  metal 
barrier  10  inches  high  and  5  feet  long  on  each  side  of  the  tank.  The 
top  of  the  barrier  was  at  the  elevation  of  the  water  surface  of  the 
reservoir.  The  barrier  is  shown  in  Figure  8  and  is  visible  beneath' the 
water  surface  in  Plate  7,  A. 
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The  Colorado  pan  is  a  galvanized-iron 
tank  3  feet  square  and  18  inches  deep, 
sunk  in  the  ground  with  its  top  edge  1% 
inches  above  the  ground  surface,  as  shown 
in  Plate  7,  B.  The  standard  depth  of  the 
Colorado  tank  is  3  feet,  but  experiments 
have  shown  that  the  depth  of  the  tank 
has  very  little  effect  upon  the  evapora- 
tion {30, p. 218-^26,  PL  37,  B) .  The  allow- 
ance for  variation  in  the  water  surface 
was  1  inch,  and  the  maximum  distance 
of  the  surface  below  the  top  edge  of  the 
tank  was  2  inches.  The  tank  was  set 
about  5  feet  south  of  the  large  reservoir 
and  3  feet  east  of  the  Weather  Bureau 
tank.     (PI.  7,  B,  and  Fig.  8.) 

The  United  States  Weather  Bureau 
class  A  land  pan  is  a  circular  galvanized- 
iron  tank  4  feet  in  diameter  and  10  inches 
deep,  supported  on  a  grillage  of  timbers  so 
as  to  allow  a  free  circulation  of  aii-  all 
around  it.  The  top  edge  of  the  tank  was 
14  inches  above  the  ground,  and  2  inches 
above  the  water  surface  at  the  maximum 
and  1  inch  at  the  minimum  condition. 
This  tank  was  set  4  feet  from  the  south 
edge  of  the  large  reservoir.     (Fig.  8.) 

As  stated,  the  storage  reservoir  at  the 
hydraulic  laboratory  was  used  for  the 
large  tank.  This  is  a  circular  concrete- 
lined  reservoir  85  feet  in  diameter  and  6 
feet  9  inches  deep,  with  1  to  1  side  slopes. 
The  top  of  the  reservoir  is  about  4  inches 
above  the  general  gi^ound  level.  The 
maximum  distance  of  the  water  surface 
below  the  top  edge  of  the  tank  was  4  inches 
and  the  minimum  3  inches.  A  portion  of 
the  reservoir  witli  its  surrounding  fence 
is  shown  in  Plate  8,  A,  and  its  location 
with  respect  to  the  small  tanks  is  sho\\Ti 
in  Figure  8. 

To  ehminate  probability  of  leakage, 
the  reservoir  was  Uned  with  14-ounce  soft 
copper  sheets  with  double-soldered  flat- 
lock  joints.  Radial  expansion  joints  were 
provided  along  the  quarter  Unes.  Before 
laying  the  copper  Uning  the  floor  and 
lower  portion  of  the  sides  of  the  reservoir 
were  given  a  heavy  coating  of  hot  gas  tar 
and  then  covered  wdth  building  paj>er 
(pi.  8,B)  so  as  to  prevent  the  copper  lining 
from  sticking  to  the  tar.  The  purpose  of 
the  tar  coating  was  to  pro  Aide  a  cushion 
for  the  copper  lining  and  a  means  of  de- 
tecting leakage  from  the  reservoir.  Dete€- 


46    TECHNICAL  BULLETIN  271,  U.  S.  DEPT.  OF  AGRICULTURE 

tion  of  leakage  was  then  possible  because  the  floor  of  the  reservoir  was 
built  with  a  slope  toward  the  outlet  structure  which  was  located  on  the 
north  side  of  the  reservoir  below  the  general  level  of  the  floor.  A  three- 
fourth  inch  pipe  through  the  wall  at  the  lowest  point  of  the  outlet 
structure  furnished  a  means  of  escape  of  any  water  that  leaked  through 
the  copper  lining  and  worked  its  way  along  the  floor  between  the  lining 
and  the  tar-covered  concrete  to  the  outlet  structure.  This  device  func- 
tioned satisfactorily  for  testing  the  reservoir  when  first  filled  and 
later  made  it  possible  to  detect  a  small  leak  caused  by  the  cracking 
of  one  of  the  soldered  joints. 

During  the  first  season,  considerable  water  splashed  out  of  the 
reservoir  in  severe  windstorms.  To  prevent  this  a  rim  of  galvanized 
iron,  as  shown  in  Plate  7,  B,  was  nailed  to  the  coping  of  the  reservoir. 
This  rim  consisted  of  strips  of  galvanized  iron  about  10  inches  wide 
and  4  feet  long,  with  a  %-inch  flange,  made  by  bending  over  the 
edges  of  the  strips,  along  each  side.  To  increase  the  stiffness  of  the 
edge  extending  over  the  water,  this  flange  was  made  of  two  thicknesses 
of  metal.  The  rim  projected  about  6  inches  over  the  water  surface 
and  was  secured  by  blocks  nailed  to  the  reservoir  coping.  The  back 
flange  was  designed  to  intercept  any  water  that  splashed  up  on  the 
sheet.  The  water  caught  in  this  manner  drained  back  into  the 
reservoir  through  a  series  of  holes  punched  along  the  inner  edge  of 
the  sheet.  To  keep  the  water  from  being  driven  between  the  sheets 
and  the  top  of  the  reservoir  coping,  strips  of  roofing  paper  painted 
with  asphalt  were  placed  under  the  back  edges  of  the  sheets.  These 
strips  also  gave  the  sheets  the  slope  necessary  to  drain  back  into  the 
reservoir  the  water  splashing  on  them.  This  rim  proved  very  effective 
and  reduced  the  loss  from  splashing  to  a  negligible  quantity. 

AUXILIARY  EQUIPMENT 

Thermometers  were  placed  in  all  the  tanks  for  taking  the  tempera- 
ture of  the  water  surface  and  of  the  air  1  inch  above.  Each  of  the 
standard  tanks  was  equipped  with  one  set  of  thermometers,  but  owing 
to  its  large  size  three  sets  were  used  in  the  reservoir — one  at  the 
center,  one  near  the  circumference,  and  one  half  way  between  the 
other  two.  The  thermometers  were  graduated  in  degrees  or  half 
degrees,  with  a  range  from  -  30°  to  +  120°  F.  These  and  the  psychrom- 
eter  thermometers  were  compared  with  a  special  thermometer 
calibrated  by  the  United  States  Bureau  of  Standards  and  were  found 
to  be  accurate  within  the  limit  of  error  of  the  method  of  cahbration. 
Metal  shields  painted  white  were  used  to  protect  the  thermometers 
from  the  direct  rays  of  the  sun.  Additional  protection  to  prevent 
possible  breakage  by  hail  was  provided  by  placing  over  each  set  of 
thermometers  a  one-fourth  inch  mesh  wire-cloth  screen. 

Modified  Assmann  type  psychrometers  were  used  in  determining 
the  vapor  pressure  of  the  air.  Two  psychrometers  were  used  each 
of  which,  by  suitably  jointed  pipes,  was  made  to  serve  two  tanks. 
The  one  used  at  the  Colorado  pan  and  the  Weather  Bureau  pan, 
with  its  tube  adjustable  to  either  pan,  is  shown  in  Plate  7,  B.  In 
each  case  the  psychrometers  drew  the  air  from  a  point  near  the  center 
of  the  tank  and  from  a  level  1  to  2  inches  above  the  water  surface, 
depending  on  whether  the  water  surface  was  near  the  upper  or  the 
lower  limit  of  its  range  in  the  tank.  During  the  warm  part  of  the 
first  season,  20-inch  thermometers  with  a  range  of  from  +20°  to 
+ 120°  F.,  by  tenths  of  a  degree,  were  used  in  the  psychrometers, 
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Plate  7 


A,  United  States  Geological  Survey  floating  tank  and  85-foot  circular  reservoir  (wave  barrier  is 
visible  beneath  the  water  surface  at  the  center  of  the  reservoir);  B,  Colorado  sunken  tank  and 
United  States  Weather  Bureau  class  A  land  pan,  with  auxiliary  equipment.  Metal  rim  around 
reservoir  for  reducing  loss  due  to  splashing  is  shown 
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Plate  8 


A,  .(Jeneral  arrangement  of  equipment  lor  conductint;  exjierinients  on  the  evaporation  from  the  85- 
foot  circular  reservoir  and  the  various  standard  tanks;  B,  i)lacing  copper  on  floor  of  85-foot  reser- 
voir (tar  coating  partially  covered  with  building  paper  is  visible  in  uncompleted  portion);  C, 
micrometer  hook  gauge  supported  by  cantilever  arm  attached  to  concrete  clock.  Stilling  well  is 
also  shown 
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but  later  when  the  temperature  dropped  below  freezing  these  thermo- 
meters were  replaced  by  sling-psychrometer  thermometers  mth  a 
range  from  —  30°  to  + 120°  by  degrees,  and  these  were  used  thereafter. 
The  psychrometers  of  the  Assmann  type  had  pre\dously  been  tested 
and  found  satisfactory.     (Table  1.) 

Robinson  4-cup  anemometers  of  the  United  States  Weather 
Bureau  type  were  used  to  determine  the  wind  velocities.  One  was 
placed  7  feet  west  of  the  west  edge  of  the  reservoir,  one  on  the  south 
side  of  the  reservoir  3}^  feet  east  of  the  Colorado  tank,  and  one  on 
the  reservoir  bridge  10}^  feet  from  the  center  of  the  reservoir.  The 
bridge  anemometer  is  shown  in  Figure  8  and  Plate  7,  A.  The  south 
and  west  anemometers  were  approximately  16  and  19  inches,  respec- 
tively, above  the  ground,  and  the  bridge  anemometer  was  30  inches 
above  the  water  surface. 

The  evaporation  losses  were  measured  with  micrometer  hook 
gages,  reading  to  thousandths  of  an  inch  and  having  a  1-inch  range. 
(Fig.  5.)  One  gage  was  rigidly  attached  to  each  of  the  small  tanks 
by  means  of  a  metal  standard  bolted  to  the  side  of  the  tank,  and  four 
gages  mounted  on  concrete  blocks  cast  in  place  with,  their  bases  1 
foot  beneath  the  surface  of  the  ground  (pi.  8,  C)  were^  placed  at  the 
quarter  points  on  the  circumference  of  the  reservoir.  A  special 
hook  gage  of  the  Hoff  type  (31)  was  attached  to  the  column  at  the 
center  of  the  reservoir.  This  gage  had  an  especially  wide  range 
and  was  installed  for  use  when,  during  heavy  rainstorms,  the  water 
levels  rose  above  the  scale  hmits  of  the  micrometer  hook  gages. 
The  necessity  for  the  use  of  the  Hoff  gage  was  ehminated  during 
the  last  season  by  providing  a  1-inch  extension  for  the  micrometer 
hook  gages.  This  extension  consisted  of  an  auxiUary  point  1  inch 
long  which  could  be  dropped  over  the  micrometer  hook  gage  points. 
It  was  held  vertical  by  a  weight  in  the  form  of  a  pendulum  attached 
to  the  lower  part  of  the  extension. 

Each  gage  was  equipped  wdth  a  stilhng  well  having  one  small 
inlet  for  the  water.  To  eliminate  the  effect  of  water  piling  up  on  one 
side  of  the  tank  when  the  wind  was  blowing,  the  center  surface  levels 
in  the  Weather  Bureau  land  pan  and  the  Geological  Survey  floating 
pan  were  transferred  to  the  stilling  well  through  a  tube  leading  from 
the  center  of  the  tank  to  the  well.  The  hook  gages  and  stilling  wells 
gave  very  satisfactory  results,  and  the  readings  on  the  four  hook 
gages  around  the  reservoir  during  periods  when  there  was  no  wind 
showed  that  a  high  degree  of  accuracy  was  possible  with  this  equipment. 

Precipitation  was  measured  in  a  standard  rain  gage  of  the  Weather 
Bureau  type.  The  top  of  the  gage  was  36  inches  above  the  ground. 
The  location  of  the  gage  is  shown  in  Figure  8,  and  the  gage  itself  is 
shown  behind  the  Weather  Bureau  tank  in  Plate  7,  B. 

The  atmosphere  pressure  was  taken  with  a  mercurial  barometer  in 
the  office  of  the  hydrauHc  laboratory,  about  60  feet  north  of  the 
reservoir  and  6  feet  below  the  level  of  the  water  surface  in  the  reser- 
voir; however,  the  variations  in  pressure  were  not  sufficient  to  cause  a 
noticeable  efi'ect  on  the  evaporation.  In  all  computations  the  normal 
barometer  reading  at  Fort  Collins  24.990  inches  of  mercury  at  32°  F. 
was  used. 

Actinometer  readings  were  taken  for  the  purpose  of  determining 
the  solar  radiation,  but  no  use  was  made  of  the  observations  in  analy- 
zing the  evaporation  data.  The  location  of  the  actinometer  is  shown 
in  Figure  8. 
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LOCATION  OF  EQUIPMENT 

The  use  of  the  storage  reservoir  of  the  hydrauHc  laboratory  as  the 
large  evaporation  tank  made  it  necessary  to  locate  the  other  evapora- 
tion tanks  at  this  point  so  that  they  would  operate  under  similar 
conditions.  This  location  has  some  desirable  features — such  as 
accessibility  to  water  and  power — but  on  the  other  hand,  wind 
movement  is  obstructed  to  some  extent  by  the  surrounding  trees  and 
near-by  buildings.  (PL  9,  A.)  This  difficulty  was  overcome  in  some 
measure  by  using  several  anemometers,  placed  at  different  points,  for 
determining  the  mean  wind  volocity.  The  reservoir  is  on  the  top  of 
a  hill,  and  the  ground  slopes  away  sharply  to  the  west  and  north  but 
is  comparatively  level  toward  the  east  and  south.  Since  the  level 
land  to  the  east  was  occupied  by  a  1 -story  building,  the  land  tanks 
were  installed  in  the  level  area  to  the  south  of  the  reservoir. 

METHOD  OF  TAKING  OBSERVATIONS 

The  observations  were  taken  at  approximately  6-hour  intervals — 
at  6  a.  m.,  12  noon,  6  p.  m.,  and  12  midnight  duriag  the  first  two 
seasons;  and  at  7  a.  m.,  1  p.  m.,  and  7  p.  m.,  during  the  last  season 
except  for  the  first  two  weeks  in  April,  when  the  observations  were 
taken  only  at  7  a.  m.  and  7  p.  m.  The  observations  consisted  of  air, 
water,  and  the  wet  and  dry-bulb  temperatures;  micrometer  hook- 
gage  readings  for  each  of  the  standard  tanks  and  the  reservoir; 
anemometer  readings ;  time  of  the  observations ;  and  precipitation  and 
barometer  readings.  The  readings  were  always  taken  in  the  same 
order  so  there  was  little  chance  of  omitting  any  of  them. 

All  temperature  readings  were  taken  to  the  nearest  tenth  of  a 
degree  by  direct  readings  on  thermometers  graduated  in  tenths,  and 
by  estimation  on  thermometers  graduated  in  degrees  or  half  degrees. 
The  micrometer  hook-gage  readings  were  made  to  thousandths  of 
an  inch. 

The  total  wind  movement  was  read  direct  in  miles  and  tenths  on 
the  dials  of  the  anemometers.  The  velocity  indicated  by  each 
anemometer  was  reduced  to  the  ground-wind  velocity  by  the  use  of 
an  anemometer-comparison  diagram  which  showed  for  each  anemom- 
eter the  ground  wind  corresponding  to  the  indicated  wind.  This 
relation  was  determined  at  the  end  of  each  season  by  making  observa- 
tions on  the  anemometers  when  at  the  elevations  normally  occupied 
(pi.  9,  B),  simultaneously  with  readings  of  one  anemometer  placed  in 
a  pit  with  the  cups  at  approximately  the  ground  surface,  as  shown 
in  Plate  9,  B  (inset).  The  relation  between  the  anemometers  changed 
somewhat  from  year  to  year,  so  a  new  diagram  was  prepared  for  each 
season.     Figure  9  shows  the  comparison  diagram  for  1928. 

Slight  precipitation  was  measured  in  cubic  centimeters  and  then 
reduced  to  inches;  heavy  precipitation  was  measured  directly  in 
inches  in  a  graduate  made  especially  for  the  type  of  rain  gage 
employed.  Measurement  of  precipitation  in  the  rain  gage  did  not 
prove  entirely  satisfactory^,  particularly  when  it  occurred  as  snow, 
because  for  some  reason  more  water  accumulated  in  the  tanks  than 
fell  in  the  rain  gage,  area  for  area,  as  was  shown  by  the  gain  in  water 
level  in  the  tanks  during  the  period  of  precipitation.  It  was  thought 
that  the  rain  gage  might  be  in  error,  but  testing  failed  to  disclose  any 
inaccuracies.  In  correcting  evaporation  for  precipitation,  factors 
were  applied  to  take  care  of  the  10-inch  rim  around  the  top  of  the 
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PLATE  9 


A,  Environs  of  85-foot  circular  reservoir;  B,  anemometers  arranged  for  comparison;  elevations  the 
same  as  during  evaporation  observations.  Inset  shows  elevation  of  anemometer  registering 
ground  wind 
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reservoir  and  of  the  2-inch  angle  iron  around  the  top  of  the  Colorado 
tank. 

Barometer  readings  were  made  to  the  nearest  hundredth  of  an 
inch,  except  for  short  periods  when  a  special  barometer  reading  to 
2  one- thousandths  of  an  inch  was  used. 

The  tanks  were  refilled  whenever  the  water  level  neared  the  lower 
limit  of  the  scale  of  the  micrometer  gage.  Since  the  range  of  the  scale 
was  only  1  inch,  it  was  necessary  to  refill  the  tanks  twice  a  week 
during  certain  periods  of  the  year.  The  time  record  was  corrected 
for  the  time  required  to  do  this.  All  the  tanks  were  thoroughly 
cleaned  at  the  beginning  of  each  season  and  at  least  once  during  the 
season.  The  small  tanks  were  refilled  each  time  with  fresh  water 
from  the  city  water  sup- 
ply ;  but  the  same  water 
was  used  in  the  large 
reservoir  for  three  sea- 
sons, only  the  water 
lost  during  the  clean- 
ing being  replaced  by 
fresh  water. 

An  analysis  of  the 
reservoir  water  made 
in  July  of  the  third  sea- 
son showed  that  the 
total  solids  amounted 
to  only  45  parts  per 
million.  Analyses  made 
at  the  same  time  of  the 
waters  in  the  Weather 
Bureau  and  Colorado 
tanks  showed  solids 
amounting,  respective- 
ly, to  158and228  parts 
per  million.  The  sam- 
ple from  the  Geological 
Survey  floating  tank 
was  not  analyzed  at  the 
time.  As  heretofore  ex- 
plained, it  was  learned 
that  after  several 
months  the  water  dis- 
solved the  glass  of  the  containers  and  rendered  analyses  of  no 
significance. 

No  grass  was  permitted  to  grow  near  the  small  tanks,  and  that 
around  the  large  reservoir  was  mowed  frequently  so  that  it  should 
not  interfere  with  the  movement  of  the  wind. 

The  tanks  were  inspected  for  leaks  at  the  beginning  of  each  season, 
and  each  time  the  reservoir  was  cleaned  all  joints  in  the  lining  were 
carefully  inspected.  On  several  occasions  the  drain  under  the  copper 
lining  dripped  water.  It  was  thought  that  the  lining  was  leaking, 
but  inspection  failed  to  disclose  any  holes  except  at  the  end  of  the 
first  season,  when  one  of  the  seams  opened  on  account  of  the  contrac- 
tion of  the  lining.     The  appearance  of  water  in  the  drain  was  never 
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Figure  9.— Anemometer  comparison  diagram  for  1928,  showing  the 
relation  between  the  observed  wind  velocity  and  the  ground-wind 
velocity 
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satisfactorily  explained  but  might  have  been  caused  by  the  condensa- 
tion of  moisture  on  the  back  of  the  lining  since  the  drain  usually  started 
to  drip  after  stormy  weather.  The  quantity  thus  lost  was  found  to  be 
small  as  compared  with  the  evaporation. 

RESULTS  OF  OBSERVATIONS 

The  evaporation  observations  on  the  standard  tanks  and  the  large 
circular  reservoir  conducted  during  1926  were  started  on  September 
19  and  continued  until  December  6,  but  the  record  after  November  30 
was  discarded  because  the  ice  in  the  stilling  wells  rendered  it  unre- 
liable. The  1927  and  1928  observations  were  started  m  the  first 
week  in  April  and  were  continued  until  the  last  of  November.  During 
the  three  years  1,940  observations  were  made. 

The  observations  were  taken  at  regular  intervals,  as  previously 
mentioned,  but  to  simplify  the  computations  and  to  eliminate  so  far 
as  possible  the  effects  of  changes  in  temperature,  the  weighted  daily 
mean  values  of  all  data  were  used  in  compiling  the  records.  In  1926 
and  1927  the  24-hour  period  chosen  was  from  midnight  until  midnight, 
because  the  temperature  at  that  hour  did  not  vary  much  from  day  to 
day,  and  there  was  usually  no  wind-factors  which  rendered  possible  the 
accurate  reading  of  the  micrometer  hook  gages.  After  the  weather 
turned  cold  in  the  fall  and  the  water  began  to  freeze  at  night,  it  was 
necessary  to  change  to  the  period  from  6  p.  m.  to  6  p.  m.  because  there 
was  the  least  likelihood  of  ice  forming  in  the  stilling  wells  at  that  time. 
No  midnight  observations  were  taken  during  1928,  and  the  24-hour 
periods  extended  from  7  p.  m.  to  7  p.  m. 

The  mean  daily  results  of  the  observations  taken  in  1926,  1927,  and 
1928  in  each  of  the  tanks  and  in  the  large  reservoir  are  given  in  Table  14. 
In  addition,  the  table  gives  the  record  of  precipitation  as  well  as  the 
mean  daily  air  temperatures,  vapor  pressures  of  the  air,  and  tower 
wind  velocities  as  taken  from  the  Colorado  Agricultural  Experiment 
Station  weather  records.  The  air  and  water  temperatures  and  the 
differences  in  vapor  pressure  are  the  weighted  mean  values  for  the 
24-hour  periods.  In  computing  these  values  the  ratio  of  the  time 
interval  to  which  the  observations  applied,  to  a  24-hour  period,  was 
used  as  the  basis  for  assigning  the  weights. 

As  already  explained  (p.  47),  the  mean  ground-wind  velocities  as 
applied  to  the  circular  reservoir,  the  Geological  Survey  floating  tank, 
and  the  Colorado  tank,  were  determined  from  readings  of  the  three 
anemometers  located  at  different  points  and  at  different  elevations. 
The  values  given  in  Table  14  are  the  means  of  the  ground-wind 
velocities.  For  the  Weather  Bureau  tank  the  w4nd  velocities  w^ere 
taken  directly  from  the  readings  of  the  south  land  anemometer  which 
was  near  the  tank  (fig.  8),  its  cups  being  at  about  the  same  elevation 
as  the  top  of  the  tank.  The  wind  velocities  were  not  weighted  because 
the  true  mean  was  obtained  by  taking  the  difference  between  the  read- 
ings at  the  beginning  and  at  the  end  of  each  24-hour  period. 
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The  computed  evaporation  was  obtained  by  substituting  the  mean 
ground-wind  velocity  and  the  weighted  mean  difference  in  vapor 
pressure  in  formula  10, 


£;=  (1.465-0.0186  5)  (0.44  +  0.118  T^)  (Cs-ea) 


(10) 


This  formula  was  derived  from  experiments  under  controlled  condi- 
tions in  the  laboratory  at  Fort  Collins,  and  under  natural  conditions 
at  different  altitudes  at  points  in  the  West  (p.  42).  The  altitude 
factor  (1.465  — 0.0186jB)  is  unity  at  Fort  Collins,  as  is  shown  by  sub- 


Uj.00 
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FiGCRE  10.— Relation  between  observed  and  computed  evaporation,  and  variation  of  evaporation 
with  wind  and  difference  in  vapor  pressure  in  85-foot  circular  reservoir,  Fort  Collins,  Colo. 
(Evaporation  computed  by  formula  10) 

stituting  for  B  the  normal  barometer  reading  of  24.990  inches  at  32° 
F.     The  formula  then  becomes 

£'=(0.44  +  0.118  T^)  (es-ea) 

which  is  formula  6  derived  from  controlled-wind  experiments  in  the 
laboratory. 

In  Table  14  the  observed  evaporation  is  the  total  loss  that  occurred 
in  the  24-hour  period.  In  case  of  rain  or  snow  the  measured  loss 
was  increased  by  the  amount  of  the  precipitation.  During  periods 
of  heavy  precipitation,  especially  of  snow,  and  of  severe  wind  storms, 
it  was  necessary  to  discard  the  evaporation  record  for  that  period  on 
account  of  unavoidable  errors  under  those  circumstances.  It  was 
assumed  that  the  rate  of  evaporation  during  the  period  was  the  same 
as  the  average  rate  during  the  remaining  periods  of  the  day. 

The  meteorological  data  from  the  Colorado  Agricultural  Experi- 
ment Station  record  are  given  for  comparison  with  the  records  taken 
at  the  evaporation  tanks.     The  daily  records  are  not  strictly  com- 
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Figure  11.— Relation  between  observed  and  computed  evaporation,  and  variation  of  evaporation 
with  wind  and  difference  in  vapor  pressure  in  Geological  Survey  tank,  Fort  Collins,  Colo. 
(Evaporation  computed  by  formula  10) 
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Figure  12.— Relation  between  observed  and  computed  evaporation,  and  variation  of  evaporation 
with  wind  and  difference  in  vapor  pressure  in  Colorado  tank.  Fort  Collins,  Colo.  (Evaporation 
computed  by  formula  10) 
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parable  because  of  differences  in  the  hours  at  which  the  24-hour 
periods  ended.  These  differences,  however,  are  neghgible  when 
monthly  means  are  considered. 

The  standard  Weather  Bureau  practice  was  observed  in  taking  the 
experiment  station  records,  readings  being  taken  at  7  a.  m.  and  7 
p.  m.  daily.  The  instrument  shelter  is  in  a  plot  on  the  college  lawn 
and  is  approximately  6  feet  above  the  ground,  but  the  anemometer 
is  located  at  the  top  of  the  civil  engineering  building,  67.5  feet  above 
the  ground. 

5  Table  15  is  a  summary  by  months  of  the  data  given  in  Table  14, 
and  the  results  for  each  of  the  tanks  and  for  the  reservoir  are  shown 
in  Figures  10  to  13,  inclusive.  These  graphs  show  clearly  the  rela- 
tion between  the  observed  and  computed  evaporation,  as  well  as  the 
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Figure  13.— Relation  between  observed  and  computed  evaporation  and  variation  of  evaporation 
with  wind  and  difference  in  vapor  pressure  in  Weather  Bureau  tank,  Fort  Collins,  Colo.  (Evapo- 
ration computed  by  formula  10) 

variation  of  the  evaporation  with  the  wind  and  with  the  difference  in 
vapor  pressure.  It  will  be  observed  that  in  only  two  instances — 
both  in  November — do  the  monthly  mean  water  temperatures  drop 
below  the  monthly  mean  air  temperatures.  The  evaporation  curves 
follow  the  temperature  curves  in  a  general  way,  but  whenever  there 
are  unusual  changes  in  wind  or  differences  in  vapor  pressure  the 
evaporation  follows  these  factors  rather  than  the  temperature. 

The  monthly  mean  values  were  not  corrected  for  the  variations  in 
the  time  intervals  but  were  obtained  by  dividing  the  totals  for  each 
month  by  the  number  of  days  recorded  in  Table  14  for  that  month. 
Periods  extending  over  several  days  were  counted  as  one  day,  because 
the  records  during  those  periods  were  usually  inaccurate  and  giving 
them  additional  weight  would  tend  to  decrease  the  accuracy  of  the 
mean  values. 
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A  study  of  Table  14  shows  that  with  few  exceptions  the  daily  mean 
temperature  of  the  water  in  the  standard  tanks  and  the  reservoir  was 
higher  than  that  of  the  air,  and  this  is  true  whether  the  seasonal  tem- 
perature was  rising  or  falling.  The  only  exceptions  occurred  during 
sudden  rises  in  temperature  and  during  periods  when  the  tanks  were 
ice  covered,  because  so  long  as  the  ice  remains  its  temperature  can 
not  exceed  32°  F.  The  monthly  mean  water  temperatures  (Table  15) 
were  also  higher  than  the  monthly  mean  air  temperatures,  although 
two  exceptions  occurred  in  November,  1926 — one  in  the  case  of  the 
Colorado  tank  and  one  in  the  case  of  the  Weather  Bureau  tank. 

Table  14  also  shows  that  the  maximum  observed  evaporation 
occurred  during  periods  of  high  wind,  and  that  for  periods  of  constant 
wind  evaporation  increased  as  the  difference  in  vapor  pressure  in- 
creased, regardless  of  the  temperature  of  the  air.  For  periods  of 
heavy  precipitation,  particularly  snow,  the  results  are  erratic.  The 
Colorado  tank  was  influenced  by  precipitation  more  than  the  others. 
Being  in  the  ground  it  caught  the  drifting  snow,  and  apparently 
while  rain  was  falling  more  splashed  into  the  tank  than  splashed  out. 
The  monthly  mean  observed  evaporation  from  each  tank  increased 
as  the  temperature  increased,  except  in  a  few  cases  when  the  differ- 
ence in  vapor  pressure  did  not  increase  with  the  temperature  or  the 
monthly  mean  wind  velocity  decreased  more  rapidly  than  usual. 

The  daily  evaporation  from  the  standard  tanks  as  computed  from 
formula  10  agreed  quite  closely  with  the  observed  evaporation  except 
during  stormy  weather,  but  the  computed  evaporation  from  the  reser- 
voir was  almost  without  exception  larger  than  the  observed  evapora- 
tion. The  only  exceptions  were  during  periods  of  strong  wind  and 
stormy  weather.  The  computed  values  based  on  the  7  a.  m.  and  7 
p.  m.  readings,  during  the  first  two  weeks  in  April,  1928,  are  consider- 
ably in  error  and  show  that  readings  taken  at  these  hours  did  not  give 
the  true  mean  for  the  day.  The  results  were  improved  when  an  addi- 
tional set  of  observations  was  taken  at  1  p.  m.  The  monthly  mean 
values  of  the  computed  and  observed  evaporation  from  the  standard 
tanks  agreed  more  closely  than  the  daily  values,  but  in  the  case  of  the 
reservoir  the  monthly  mean  evaporation  as  computed  was  higher  than 
the  observed  figure.  This  is  to  be  expected,  because  the  formula  is 
based  on  observations  made  on  a  tank  3  feet  square  in  which  the  rim 
effect  (30)  is  proportionately  much  greater  than  in  a  large  reservoir. 

Table  16  gives  the  observed  and  computed  evaporation  by  months 
from  the  reservoir  and  standard  tanks,  the  percentage  of  deviation  of 
these  values,  and  the  ratios  of  the  observed  evaporation  from  each  of 
the  standard  tanks  to  that  of  the  reservoir.  This  table  shows  that 
the  computed  evaporation  from  the  reservoir  was  consistently  higher 
than  the  observed  evaporation,  and  that  the  greatest  deviations 
occurred  in  November,  except  in  1926  when  the  observed  figure  was 
too  high  because  strong  winds  splashed  the  water  from  the  reservoir 
before  the  overhanging  rim  around  the  top  was  built.  A  comparison 
of  the  weighted  mean  values  of  the  observed  and  computed  evapora- 
tion, which  were  obtained  by  dividing  the  total  evaporation  for  the 
entire  period  by  the  number  of  days,  shows  that  the  computed  evapo- 
ration was  29.7  per  cent  greater  than  the  observed. 
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Comparisons  of  the  results  from  the  standard  tanks  by  months 
show  that,  in  general,  the  computed  values  are  quite  close  to  the 
observed  values,  though  in  some  cases  the  computed  values  are  too 
high,  and  in  others  too  low.  The  weighted  means  for  the  entire 
period  agree  remarkably  well,  the  computed  evaporation  from  the 
Geological  Survey  floating  tank  being  2  per  cent  low,  that  from  the 
Colorado  tank  2.9  per  cent  high,  and  that  from  the  Weather  Bureau 
land  tank  1.6  per  cent  low. 

An  interesting  fact  is  that  the  evaporation  from  the  Geological 
Survey  floating  tank  was  almost  identical  with  that  from  the  Colorado 
land  tank.  This  seems  unusual,  but  it  was  observed  in  compiling 
the  original  notes  that  the  ground  wind  computed  from  the  bridge 
anemometer  record  was  generally  higher  than  that  computed  from  the 
other  two  anemometers.  If  the  wind  was  higher  at  the  Geological 
Survey  tank  than  at  the  Colorado  tank,  it  may  have  increased  the 
evaporation  sufficiently  to  overshadow  the  effect  of  the  smaller  differ- 
ence in  vapor  pressure  in  the  center  of  the  reservoir. 

One  purpose  of  these  evaporation  experiments  was  to  determine  the 
relation  between  evaporation  from  the  standard  tanks  and  that 
from  the  circular  reservoir.  Experiments  by  Sleight  mentioned  in 
a  discussion  of  Houk's  paper  (20,  p.  308-316)  at  Denver,  Colo.,  on 
the  evaporation  under  similar  conditions  from  tanks  sunk  3  feet 
deep  and  varying  in  diameter  from  1  to  12  feet,  indicated  that  evapora- 
tion decreased  as  the  diameter  of  the  tank  increased,  but  that  the 
decrease  was  small  as  between  the  9-foot  and  12-foot  tanks.  From 
this  Sleight  concluded  that  evaporation  from  a  reservoir  or  lake 
probably  did  not  differ  materially  from  that  from  a  tank  12  feet  in 
diameter  and  similarly  exposed.  The  observations  at  Fort  Collins 
were  made  on  a  reservoir  85  feet  in  diameter.  If  there  was  no  de- 
crease in  the  rate  of  evaporation  from  this  reservoir,  as  shown  by  a 
comparison  with  the  standard  evaporation  tanks,  it  seems  reasonable 
to  conclude  that  the  evaporation  from  a  tank  12  feet  in  diameter 
would  be  the  same  as  that  from  a  reservoir  or  lake. 

The  experiments  at  Fort  Collins  (Table  16)  showed  that  the 
observed  average  mean  evaporation  from  the  Geological  Survey 
floating  tank  was  30.1  per  cent,  from  the  Colorado  buried  tank  26.6 
per  cent,  and  from  the  Weather  Bureau  land  tank  42.7  per  cent 
greater  than  that  from  the  85-foot  circular  reservoir.  Sleight  found 
that  the  evaporation  from  tanks  of  these  same  types  was,  respec- 
tively, 12.5  per  cent,  25.9  per  cent,  and  42.1  per  cent  greater  than  that 
from  a  12-foot  tank. 

Observations  by  the  Geological  Survey  (34)  at  Milford,  Utah,  at 
approximately  5,000  feet  above  sea  level,  showed  that  evaporation 
from  a  Weather  Bureau  class  A  land  pan  was  47  per  cent  greater  than 
that  from  a  12-foot  circular  tank.  Experiments  made  at  Austin, 
Tex.  (15),  on  a  Geological  Survey  floating  tank  and  a  Weather 
Bureau  class  A  land  pan,  agree  with  Sleight's  observations  at  Denver. 

The  agreement  in  these  observations  is  close,  except  in  the  case  of 
the  Geological  Survey  floating  tanks  where  the  inconsistency  is  prob- 
ably due  to  the  difference  in  exposure  of  the  two  tanks.  The  floating 
tank  at  Fort  Collins  was  located  in  the  center  of  the  85-foot  circular 
reservoir,  whereas  the  one  at  Denver  was  located  in  Washington  Park 
Lake,  an  artificial  reservoir  17  acres  in  area,  which  was  more  than  a 
half  mile  from  the  other  tanks.     The  fact  that  the  floating  tank  in 
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Washington  Park  Lake  was  surrounded  by  a  raft  (SO)  may  have  had 
some  effect  because  the  raft  would  reduce  the  wind  velocity.  The 
ratios  for  the  Colorado  tank  and  the  Weather  Bureau  tank  show, 
however,  that  there  is  no  significant  decrease  in  the  evaporation  from 
the  85-foot  reservoir  as  compared  with  that  from  a  12-foot  tank. 

From  the  foregoing  it  is  reasonable  to  conclude  that  evaporation 
from  a  lake  or  large  reservoir  is  substantially  the  same  as  that  from 
a  tank  12  feet  in  diameter,  and  that  the  respective  ratios  of  evaporation 
from  either  the  Colorado  tank  or  the  Weather  Bureau  tank,  to  that 
from  the  85-foot  reservoir,  may  be  used  in  computing  the  evaporation 
from  a  lake  or  large  reservoir  if  evaporation  records  for  one  of  these 
tanks  imder  similar  conditions  are  available. 


OBSERVATIONS  AT  EAST  PARK  RESERVOIR,  STONYFORD,  CALIF.s 

To  check  the  ratios  as  found  to  apply  between  the  evaporation  from 
standard  evaporation  pans  and  that  from  the  85-foot  circular  reservoir 
at  Fort  Collins,  Colo., 
by  observations  on  a 
larger  reservoir  as  well 
as  to  test  the  evapo- 
ration formulas  previ- 
ously developed,  obser- 
vations were  made 
during  the  summer  of 
193  0  at  Stonyford, 
Calif.,  on  the  evapora- 
tion from  East  Park 
Reservoir  and  from 
various  types  of  evap- 
oration pans. 

East  Park  Reservoir 
is  located  in  northern 
California  on  Little 
Stony  Creek.  (Fig. 
14.)  It  is  a  part  of 
the  storage  system  of 
the  Orland  project  of 
the  United  States  Bu- 
reau of  Reclamation. 
The  reservoir  has  a 
maximum  capacity  of 
51,000  acre-feet  and  a 
high- water  area  of 
nearly  1,800  acres. 
The  dam,  in  a  narrow  gorge  at  the  lower  end  of  a  rock  valley,  is  of 
concrete  and  is  founded  on  bed  rock  which  makes  a  practically  water- 
tight basin.  Several  small  streams  empty  into  the  reservoir,  but  the 
inflow  is  small  during  the  late  summer.  A  canal  connecting  the 
reservoir  with  Stony  Creek  proper  diverts  water  from   the   creek 
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Figure  14.— Map  of  East  Park  Reservoir,  Stonyford,  Calif., 
adjacent  area,  showing  locations  of  reservoir  gages 
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»  The  experiments  at  East  Park  Reservoir  were  conducted  under  informal  cooperation  by  several  inter- 
ested parties  and  were  originally  discussed  and  finally  sponsored  by  the  special  committee  on  irrigation 
hydraulics  of  the  American  Society  of  Civil  Engineers.  Contributions  in  the  form  of  salaries,  transporta- 
tion, materials,  and  labor  were  made  by  the  Division  of  Agricultural  Engineering,  Bureau  of  Public  Roads, 
U.  S.  Department  of  Agriculture;  the  Bureau  of  Reclamation  of  the  U.  S.  Department  of  the  Interior;  and 
the  Division  of  Water  Resources  of  the  California  State  Department  of  Public  Works. 
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during  the  high-water  season  but  is  not  used  during  the  summer.  Rain 
seldom  falls  in  the  summer,  and  evaporation  figures  therefore  do  not 
need  to  be  corrected  for  precipitation. 

Stony  Gorge  Reservoir  of  the  Orland  project  is  located  in  the  channel 
of  Stony  Creek  below  the  East  Park  Reservoir  (fig.  14),  and  conse- 
quently when  the  flow  of  the  creek  supplemented  by  Stony  Gorge 
Reservoir  is  sufficient  to  supply  the  project,  it  is  not  necessary  to  draw 
water  from  East  Park  Reservoir.  Under  these  conditions,  which 
existed  in  the  summer  of  1930,  the  reservoir  is  suitable  for  making 
evaporation  observations. 

Before  starting  the  observations  it  was  necessary  to  draw  down  the 
reservoir  level  below  the  top  of  the  flashboards  because  there  was 
some  leakage  through  the  flashboards  and  considerable  water  splashed 
over  the  crest  when  the  wind  was  blowing.  The  reservoir  accordingly 
was  lowered  1.9  feet.  On  June  26  the  gates  were  closed,  and  as 
observations  were  not  started  until  July  14  ample  opportunity  was 
afforded  for  the  bank  storage  to  adjust  itself. 

The  evaporation  pans  were  installed  on  the  shore  of  the  reservoir 
near  the  north  end  of  the  spillway.  This  site  was  considered  repre- 
sentative of  the  average  conditions  around  the  reservoir.  The  pans 
consisted  of  a  Colorado  sunken  pan  3  feet  square  and  18  inches  deep, 
a  circular  sunken  pan  4  feet  in  diameter  and  3  feet  deep,  a  Weather 
Bureau  class  A  land  pan  and  a  circular  floating  pan  4  feet  in  diameter 
and  10  inches  deep.    These  pans  are  shown  in  Plate  10,  A  and  B. 

The  Colorado  pan  was  sunk  in  the  ground  within  approximately  1 
inch  of  the  top.  The  maximum  water  level  was  IK  inches  and  the 
minimum  2}^  inches  below  the  top  of  the  pan. 

The  4-foot  circular  sunken  pan  was  so  placed  in  the  ground  that  3 
inches  of  the  rim  extended  above  the  ground.  The  water  level  was 
kept  at  approximately  the  ground  surface,  and  as  soon  as  the  surface 
had  dropped  1  inch  the  pan  was  refilled. 

The  Weather  Bureau  pan  was  installed  on  a  grillage  of  timbers 
with  the  top  of  the  pan  12  inches  above  the  ground.  The  maximum 
water  surface  was  1  finches  and  the  minimum  2}^  inches  below  the  top 
of  the  pan. 

The  floating  pan  was  identical  with  the  Weather  Bureau  pan, 
except  that  it  was  supported  on  a  timber  frame  approximately  5  feet 
square  which  floated  within  a  raft  11  feet  square  made  of  3  by  12 
inch  timbers.  (PI.  10,  B.)  The  timber  frame  supporting  the  pan  was 
surrounded  by  a  barrier  of  1  by  12  inch  boards  which  extended  5 
inches  above  the  top  of  the  pan.  This  barrier  prevented  water  from 
splashing  into  the  pan  from  the  reservoir  during  heavy  winds.  The 
top  of  the  pan  was  3  inches  above  the  reservoir  surface,  and  the  water 
level  within  the  pan  was  kept  within  a  minimum  of  approximately 
2K  inches  and  a  maximum  of  4K  inches  below  the  top  of  the  pan. 

The  evaporation  pans  were  filled  with  water  from  the  reservoir 
which  was  very  clear  and  apparently  quite  free  from  soluble  salts.  A 
sample,  tested  at  the  Colorado  Agricultural  College,  was  found  to 
contain  only  143  parts  per  million  of  solids. 

Hook  gages  of  the  Hoff  type,  reading  to  one  one-hundredth  of  an 
inch,  were  used  in  determining  the  evaporation  from  the  pans.  The 
gages  were  rigidly  fixed  at  the  sides  of  the  tanks  and  were  read 
without  the  use  of  stilling  wells.     Three  gages  were  installed  on  the 
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PLATE  10 


A,  Colorado-type  sunken  pan,  circular  sunken  pan,  and  Weather  Bureau  land  pan;  B,  circular 
floating  pan  and  raft;  C,  gauge  station,  East  Park  Reservoir,  Stonyford,  Calif. 
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reservoir,  one  at  the  spillway  and  one  on  the  upper  end  of  each  of  the 
arms  of  the  reservoir,  as  shown  in  Figure  14.  The  gages  were  thus 
distributed  in  order  to  obtain  a  more  accurate  value  of  the  loss  in  case 
the  wind  piled  the  water  up  at  one  end  of  the  reservoir.  A  Hoff  hook 
gage  was  used  at  the  spillway,  but  plumb-bob  hook  gages  measuring 
from  an  index  were  used  at  the  other  points.  The  reservoir  gages 
were  all  read  to  one  one-thousandth  of  a  foot,  and  on  account  of  the 
waves  a  stillmg  well  was  installed  at  each  of  them.  One  of  the  reser- 
voir gage  stations  is  shown  in  Plate  10,  C. 

Complete  meteorological  records  were  taken  at  the  evaporation 
pans  and  at  each  of  the  reservoir  gages.    These  records  consisted  of 
the  air  and  water  temperatures,  the  wet  and  dry  bulb  temperatures, 
and  the  wind   move- 
ment.   The  barometric       ®° 
pressure    was    taken 
only  at  the  dam  spill- 
way. 

The  infloAV  and  the 
outflow  of  the  reservoir 
were  quite  small,  but 
a  record  was  kept  of 
the  measurable  flow. 
Weirs  were  used  when 
practicable,  but  very 
small  flows  were  meas- 
ured volume  trically. 

No  correction  was 
made  for  possible  seep- 
age into  the  reservoir 
because  no  accurate 
data  were  available  as 
to  the  amount,  but 
since  the  season  of 
1929-30  was  below 
normal  in  precipita- 
tion and  since  all  of 
the  streams  emptying 
into  the  reservoir  went 
dry  during  the  period 
of  the  observations,  it 
is  assumed  that  the 
seepage  was  incon- 
siderable. 

Readings  on  the  weirs  were  taken  once  each  day  but  evaporation 
and  meteorological  readings  were  taken  at  7  a.  m.  and  7  p.  m.,  or  as 
near  those  hours  as  possible  considering  the  distance  between  the 
gages. 

Observations  were  started  on  July  14  and  continued  until  August  13, 
1930,  a  period  of  30  days.  The  results  are  given  in  Table  17.  Only 
the  24-hour  mean  values  for  the  period  ended  at  7  a.  m.  each  day  are 
given.  This  period  was  chosen  because  at  7  a.  m.  there  was  usually 
very  little  wind. 


0  1  2  3  4  5  6 

Ratio  of  observed  wind  to  ground  wind 

Figure  15.— Wind-velocity  reduction  diagram  showing  the  ratios  of 
the  observed  wind  velocity  to  the  ground-wind  velocity  at  different 
elevations 
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In  Table  17  the  air  and  water  temperatures  and  the  differences  in 
vapor  pressure  are  the  weighted  means  of  the  7  a.  m.,  7  p.  m.,  and 
following  7  a.  m.  readings  for  the  24-hour  period.  The  water-surface 
wind  velocities  are  those  for  the  24-hour  period.  They  were  obtained 
from  the  indicated  velocities  by  use  of  the  anemometer  diagram  (fig. 
15),  except  in  the  case  of  the  Weather  Bureau  tank,  where  the  direct 
readings  of  the  anemometer  were  used  because  the  cups  of  the  anemom- 
eter were  approximately  at  the  elevation  of  the  top  of  the  tank.  The 
indicated  wind  velocities  at  the  land  pan  anemometer  were  divided 
by  1 .4  to  determine  the  water-surface  velocities  for  the  Colorado  tank 
and  the  circular  sunken  pan,  and  by  1.5  for  the  floating  pan.  The 
mean  indicated  wind  velocities,  as  determined  by  the  land  pan 
anemometer  and  the  two  reservoir  anemometers,  were  divided  by  1.5 
to  get  the  mean  surface  velocities  for  the  reservoir.  One  of  the  res- 
ervoir anemometers  which  was  noticeably  slow  was  calibrated  by 
comparing  it  with  a  standard  anemometer  and  the  indicated  velocities 
corrected  accordingly. 

The  observed  evaporation  from  the  pans  is  in  each  case  the  differ- 
ence between  the  7  a.  m.  readings,  corrected  for  the  variation  in  the 
time  interval.  The  reservoir  evaporation  is  the  mean  loss  deter- 
mined from  the  readings  at  the  three  gages,  corrected  for  variations 
in  the  time  interval  and  for  the  inflow  and  outflow.  The  correction 
for  inflow  and  outflow  was  determined  by  dividing  the  net  inflow 
for  the  24-hour  period,  in  acre-inches,  by  the  area  of  the  water  surface 
in  acres. 

The  computed  reservoir  evaporation  was  obtained  by  substituting 
the  meteorological  data  pertaining  to  the  reservoir  in  formula  11, 

£'=0.771  (1.465-0.0186  B)  (0.44  +  0.118  T^)  (es-Ca),      (11) 

while  for  the  tanks  the  data  applicable  to  the  particular  tank  was 
substituted  in  formula  10, 

£"=(1.465-0.0186  B)  (0.44  +  0.118  T^)  {es-ea).  (10) 

A  study  of  Table  17  shows  that  the  maximum  evaporation  occurred 
from  the  Weather  Bureau  pan  and  the  minimum  from  the  reservoir. 
The  table  also  shows  that  the  evaporation  from  the  floating  pan 
was  almost  identical  with  that  from  the  sunken  pan  having  the  same 
size  and  shape.  This  fact,  which  was  also  noted  in  the  experimental 
work  at  Fort  Collins,  Colo.,  seems  to  indicate  that  the  sunken  pan 
^ives  equally  accurate  determinations  of  reservoir  evaporation,  and 
it  has  the  advantage  of  being  much  easier  to  maintain. 

The  computed  evaporation  was  in  general  higher  than  the  ob- 
served evaporation  from  the  reservoir.  This  was  also  true  for  the 
Colorado  pan  and  the  circular  sunken  pan.  The  reverse  was  true 
for  the  Weather  Bureau  pan.  The  observed  and  the  computed 
evaporation  from  the  floating  pan,  however,  agreed  very  closely. 
The  lack  of  agreement  in  the  other  cases  was  probably  due  to  the 
fact  that  the  meteorological  observations  were  taken  only  twice 
daily,  and  consequently  the  resulting  means  were  probably  not  the 
true  means.  A  similar  lack  of  agreement  was  noted  in  the  Fort  Col- 
lins experiments  when  the  observations  were  taken  but  twice  daily. 

The  mean  water  temperature  of  the  reservoir  was  higher  than  that 
of  the  evaporation  pans,  particularly  the  Weather  Bureau  pan,  the 
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temperature  of  which  dropped  materially  during  the  night  whereas 
the  water  in  the  reservoir  changed  only  a  few  degrees.  The  air 
temperature  was  also  higher  for  the  reservoir  than  for  the  pans; 
this  is  accounted  for  by  the  fact  that  the  readings  at  two  of  the  res- 
ervoir stations  were  taken  after  7  o'clock  in  the  morning  and  before  7  in 
the  evening  since  they  were  located  several  miles  from  the  spillway. 

The  mean  values  of  the  observed  and  computed  evaporation  for 
the  period,  the  ratios  of  the  evaporation  from  the  various  pans  to 
that  from  East  Park  Reservoir,  and  the  ratios  obtained  from  similar 
experiments  elsewhere,  are  given  for  comparison  in  Table  18.  The 
computed  evaporation  from  the  reservoir,  the  Colorado  pan,  and  the 
4-foot  circular  pan,  exceeded  the  observed  evaporation  by  12.6,  8.5, 
and  12.7  per  cent,  respectively,  but  the  computed  evaporation  from 
the  Weather  Bureau  pan  and  from  the  floating  pan  was  less  than 
the  observed  evaporation  by  12.4  and  1.5  per  cent,  respectively. 
Although  the  agreement  is  not  perfect  the  results  show  that  it  is  pos- 
sible to  compute  the  evaporation  from  a  large  water  surface  or  from  a 
small  pan  with  reasonable  accuracy  even  though  the  meteorological 
observations  were  made  but  twice  daily.  Had  it  been  possible  to  con- 
tinue the  observations  over  a  period  sufficient  to  cover  a  wide  range 
of  meteorological  conditions,  a  close  agreement  might  reasonably  be 
expected. 

The  ratios  of  the  losses  by  evaporation  from  the  various  pans  to 
the  loss  from  the  East  Park  Reservoir  show  that  the  Weather  Bureau 
pan  figure  requires  the  greatest  correction  to  reduce  it  to  the  equiva- 
lent reservoir  evaporation.  The  ratio  for  the  Weather  Bureau  pan, 
however,  agrees  remarkably  with  the  results  of  the  comparison 
between  the  Weather  Bureau  pan,  the  85-foot  circular  reservoir  at 
Fort  Collins,  Colo.,  and  a  12-foot  sunken  pan  at  Denver  (W).  The 
ratio  for  the  Colorado  pan  also  is  consistent  with  the  results  obtained 
at  Fort  Collins  and  Denver. 


Table  18. — Comparison  of  mean  observed  and  computed  evaporation  from  East 
Park  Reservoir  and  from  various  types  of  evaporation  pans  at  Stony  ford,  Calif,, 
and  ratios  of  observed  evaporation  from  pans  to  observed  evaporation  from  East 
Park  Reservoir,  from  the  86-foot  circular  reservoir  at  Fort  Collins,  Colo.,  and 
from  a  12-foot  circular  van  at  Denver,  Colo. 


Evaporation  at  Stonyford,  Calif, 
(mean  values) 

Ratio  of  observed  evaporation  of 

panto— 

(mean  values) 

Type  and  dimensions  of  pan 

Observed, 
in  24  hours 

Computed, 
in  24  hours 

Deviation 

East  Park 
Reservoir 

Circular 
reservoir 
85  feet  in 
diameter 

Circular 
pan  12  feet 
in  diameter 

East    Park    Reservoir,    1,800 

Inch 
0. 2728 
.3653 
.3488 
.3975 
.3477 

Inch 

10.3081 
2. 3962 
\  3931 
>.3481 
J.3424 

Per  cent 
+12.6 

+8.5 
+12.7 
-12.4 

-1.5 

Colorado  sunken  pan,  36  inch- 

»-  es  square,  18  inches  deep 

Circular  sunken  pan,  4  feet  in 

diameter,  3  feet  deep -. 

Weather  Bureau  class  A  land 

pan                          -- 

» 1.326 
1.279 
1.457 
1.275 

1.266 

<  1. 259 

1.427 

1.421 

Circular  floatuag  pan,  4  feet  in 
diameter,  10  mches  deep 

» 1. 035 

» Evaporation  computed  by  formula  11. 
» Evaporation  computed  by  formula  10. 
8  Ratio  based  on  period  from  July  9  to  Aug.  13. 

*  Colorado-type  sunken  tank  at  Denver  laboratory,  3  feet  deep. 

*  Circular  floating  pan  in  Washington  Park  Lake  more  than  one-half  mile  from  12-foot  pan. 
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The  ratios  for  the  floating  pan  of  the  Weather  Bureau  type  and 
the  circular  sunken  pan  of  the  same  diameter  are  almost  identical. 
Although  no  comparison  between  pans  of  these  types  was  made  at 
Fort  Collins,  a  comparison  was  made  between  the  Geological  Survey 
floating  pan  and  the  Colorado  sunken  pan,  each  of  which  was  3  feet 
square  and  18  inches  deep.  The  ratios  were  found  to  be  nearly  identi- 
cal, and  they  agreed  very  closely  with  those  obtained  at  the  East 
Park  Reservoir  for  the  4-foot  circular  pans.  This  close  agreement, 
however,  was  not  shown  by  the  Denver  experiments  which  indicated 
that  evaporation  from  the  floating  pans  is  much  less  than  that  from 
the  sunken  land  pans.     The  reason  for  this  discrepancy  is  not  apparent. 

The  erratic  results  obtained  from  floating  pans  and  the  fact  that 
the  experiments  at  East  Park  Reservoir  and  at  Fort  Collins  show  that 
there  is  little  difference  between  the  evaporation  from  a  floating  pan 
and  that  from  a  similar  sunken  pan,  suggest  the  advisability  of 
discontinuing  the  use  of  the  floating  pan. 

In  view  of  the  consistent  ratios  obtained  for  the  Weather  Bureau 
class  A  land  pan  and  the  Colorado  sunken  land  pan  at  East  Park 
Reservoir,  as  well  as  at  Fort  Collins  and  Denver,  it  seems  safe  to  use 
these  ratios  in  determining  the  equivalent  reservoir  evaporation 
from  the  measured  evaporation  from  these  pans. 

COMPUTATION   OF   EVAPORATION   FROM    METEOROLOGICAL   DATA 

Evaporation  records  have  been  taken  by  various  Federal  agencies — 
the  Geological  Survey,  the  Bureau  of  Reclamation,  the  Weather 
"Bureau,  and  the  Bureau  of  Plant  Industry — as  well  as  by  other  public 
and  private  agencies  at  various  points  in  the  United  States.  These 
records  do  not  all  include  complete  meteorological  data,  but  in 
many  cases  the  data  necessary  for  computing  the  evaporation  are 
available  or  may  be  approximated.  By  comparing  the  observed 
evaporation  at  these  stations  with  the  evaporation  as  computed  from 
the  meteorological  data  by  formula  10,  it  is  possible  to  determine  the 
accuracy  of  this  formula.  Since  it  is  based  on  the  mean  meteorological 
data  it  is  obvious  that  if  the  values  used  therein  are  not  the  true 
means,  the  true  evaporation  will  not  result  except  in  special  cases 
where  there  are  compensating  factors. 

To  compute  the  evaporation  from  a  standard  tank,  the  mean  values 
of  the  barometric  pressure,  the  wind  velocity  at  the  water  surface, 
and  the  vapor  pressure  of  saturated  air  at  the  temperature  of  the  watei 
surface  and  at  the  temperature  of  the  dew  point  must  be  known  with 
reasonable  accuracy.  As  the  elevation  of  most  stations  is  known  with- 
in 100  feet,  it  is  easy  to  determine  the  mean  barometer  at  32°  F. 
by  reference  to  tables  {32,  p.  134-139).  The  other  factors  must  be 
obtained  by  observations. 

The  wind  velocity  is  usually  obtained  from  an  anemometer  near 
the  evaporation  tank  or  from  the  records  of  the  nearest  Weather 
Bureau  station.  In  either  case,  unless  the  anemometer  cups  are  at 
the  same  distance  above  the  ground  as  the  water  surface,  it  is 
necessary  to  reduce  the  observed  wind  to  the  water-surface  wind. 
Only  an  approximation  can  be  made  because  the  relative  wind 
velocities  at  different  altitudes  vary  with  the  wind  and  with  the 
season  (17),  From  the  results  of  observations  on  the  wind  velocity 
at  different  heights  at  Fort  ColHns  and  at  other  points,  the  diagram 
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(fig.  15)  was  prepared  which  shows  approximately  the  relative  wind 
velocities  at  various  elevations. 

The  naean  of  the  maximum  and  minimum  temperatures  of  the  water 
surface  is  ordinarily  taken  as  the  mean  water  temperature,  though 
the  mean  of  readings  taken  at  12-hour  intervals  is  also  used.  Un- 
fortunately, water-temperature  records  are  frequently  neglected. 
In  that  case  it  is  necessary  to  use  the  mean  air  temperature,  even 
though  the  monthly  mean  temperature  of  the  air  is  seldom  the  same 
as  the  monthly  mean  water  temperature,  as  is  shown  in  the  summary 
of  the  results  of  observations  taken  at  Fort  Collins  in  Table  15. 
Corrections  to  be  appHed  to  air-temperature  observations  at  different 
hours  of  the  day  to  obtain  true  mean  air  temperature  have  been 
determined  (4). 

When  the  mean  temperature  of  the  water  surface  has  been  deter- 
mined, either  by  direct  measurement  or  by  assuming  that  it  is  the 
same  as  the  mean  air  temperature,  the  vapor  pressure  may  be  ob- 
tained by  reference  to  tables  (23)  prepared  for  that  purpose  provided 
either  the  dew  point,  relative  humidity,  or  wet-and  dry-bulb  psy- 
chrometer  readings  are  available.  The  relative  humidity  is  usually 
reported,  and  to  find  the  vapor  pressure  it  is  then  only  necessary  to 
multiply  the  vapor  pressure  of  saturated  air  at  the  temperature  of  the 
air,  by  the  relative  humidity.  Unfortunately  the  relative  humidity 
varies  throughout  the  day,  but  it  has  been  observed  by  the  Weather 
Bureau  (10)  that  the  means  of  the  observations  at  8  a.  m.  and  8  p.  m., 
seventy-fifth  meridian  time,  are  quite  close  to  the  true  means.  For 
that  reason,  humidity  observations  are  usually  taken  at  those  hours. 
Approximate  mean  values  may  be  obtained  from  observations  taken 
at  other  times  by  applying  corrections  that  have  been  determined 
by  the  Weather  Bureau  (10).  In  case  the  relative  humidity  is 
known  and  the  temperature  of  the  water  unknown,  it  is  possible 
to  obtain  an  approximate  value  of  the  difference  in  vapor  pressure 
by  multiplying  the  pressure  of  saturated  vapor  at  the  mean  temper- 
ature of  the  air  by  the  complement  of  the  relative  humidity  expressed 
as  a  ratio — that  is,  the  difference  between  the  humidity  and  unity. 

In  case  the  evaporation  observations  have  been  made  on  other  than 
the  standard  evaporation  tanks,  the  formula  may  still  be  used  so 
long  as  the  size  of  the  evaporation  tank  does  not  differ  greatly  from 
that  of  the  standard  tanks,  because  the  effects  of  variations  in  size 
are  taken  care  of  by  changes  in  the  factors  that  influence  evaporation. 
Under  these  circumstances  the  observations  must,  of  course,  be  made 
on  the  tank  itself  and  not  approximated  from  other  records. 

For  the  purpose  of  testing  formula  10,  representative  series  of 
observations  for  which  complete  meteorological  data  could  be  obtained 
were  chosen  from  the  available  records.  The  evaporation  was  then 
computed,  and  comparisons  were  made  with  the  observed  values. 
The  results  of  these  comparisons  are  given  in  Table  19.  The  values 
of  the  monthly  mean  observed  and  computed  evaporation  differ 
considerably,  but  with  few  exceptions  the  yearly  averages  agree 
reasonably  well.  The  mean  deviation  is +1.77  per  cent.  In  those 
instances  where  large  differences  occur,  no  satisfactory  explanation 
of  the  discrepancies  has  been  found. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  in  the  United 
States 

YUMA  EVAPORATION  STATION,  ARIZ. ,  1917-1923  i 


Month 

Temperature 

Rela- 
tive 
humid- 
ity 

Vapor 
pres- 
sure of 
water, 
e. 

Vapor 
pres- 
sure of 
air, 
ed 

Vapor 
pres- 
sure 
differ- 
ence, 

Ct-Cd 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

Ob- 
served 

Com- 
puted 

January... 

0^ 

51.1 
54.6 
58.7 
64.0 
69.9 
78.7 
87.0 
86.7 
79.9 
68.7 
67.6 
62.6 

°F. 

Per  cent 
»47.0 
46.2 
40.1 
37.4 
38.6 
37.4 
46.4 
62.1 
60.1 
46.7 
45.6 
61.5 

Inch  of 
mer- 
cury 
0.375 
.426 
.494 
.595 
.729 
.979 
1.280 
1.228 
1.018 
.700 
.475 
.396 

Inch  of 
mer- 
cury 
0.176 
.197 
.198 
.223 
.281 
.366 
.694 
.640 
.510 
.327 
.216 
.204 

Inch  of 
mer- 
cury 
0.199 
.229 
.296 
.372 
.448 
.613 
.686 
.588 
.508 
.373 
.269 
.192 

Miles 
hour 



Miles 

hour 
1.44 
1.66 
1.87 
2.13 
1.40 
.96 
1.31 
1.40 
1.18 
.99 
1.02 
1.17 

Inch 
0.099 
.141 
.188 
.263 
.266 
.300 
.336 
.305 
.243 
.171 
.105 
.080 

Inch 

0.110 

133 

February... . 

March 

178 

April 

234 

May 

.247 

June 

.308 
371 

July 

August 

324 

September 

268 

October 

.189 
.132 
.101 

November 

December 

Mean 

.2072 
-i-4.3 

.2162 

Deviation,  per 
cent 

« 

YUMA  CITRUS  STATION,  ARIZ.,  1921-1923 » 


January 

63.2 
58.6 
,61.8 
66.3 
76.9 
83.8 
84.9 
90.5 
84.8 
72.4 
-.  61.3 
66.2 

»47.0 
46.2 
40.1 
37.4 
38.6 
37.4 
46.4 
52.1 
60.1 
46.7 
45.6 
61.5 

0.406 
.490 
.551 
.645 
.893 
1.156 
1.197 
1.430 
1.194 
.794 
.541 
.435 

0.190 
.226 
.221 
.241 
.345 
.432 
.655 
.745 
.699 
.371 
.246 
.224 

0.215 
.264 
.330 
.404 
.548 
.724 
.642 
.685 
.696 
.423 
.295 
.211 









2.41 
3.28 
3.52 
4.01 
3.70 
3.38 
4.06 
3.28 
2.67 
1.91 
1.99 
2.27 

0.136 
.217 
.281 
.367 
.462 
.530 
.565 
.482 
.395 
.283 
.183 
.128 

0  142 

February 

198 

March 

.257 

April 

335 

May. 

438 

June 

652 

July 

536 

August 

515 

September 

402 

October 

.266 

November 

December. 

.181 
136 

Mean 

.3367 
-2.0 

.3290 

Deviation,  per 
cent 

CHILLICOTHE,  TEX.,  1916-1919 

i 

April 

60 
70 
80 

84 
84 
73 

69 
68 
76 
80 

79 
74 

0.499 

.684 
.896 
1.022 
.989 
.838 

0.280 
.400 
.607 
.654 
.529 
.480 

0.219 

.284 
.389 
.468 
.460 
.358 

10.0 
9.0 
7.2 
6.0 
6.1 
6.0 

•6.9 
6.2 
6.0 

4.1 
4.2 
4.1 

0.226 
.268 
.312 
.344 
.345 
.240 

0  258 

May 

.313 

June 

.377 

July   .. 

406 

August 

.405 

September.. 

311 

Mean.. 

.2892 
-M9.3 

.3450 

Deviation,  per 
cent 

EDGELEY,  N.  DAK.,  1911-1914  « 


April 

64 
68 
64 
55 

46 
66 
69 
72 
68 
68 

0.310 
.448 
.707 
.783 
.684 
.482 

0.200 
.298 
.460 
.489 
.460 
.348 

0.110 
.150 
.257 
.294 
.224 
.134 

9.4 
6.6 
5.8 
5.0 
4.3 
5.2 

»6.5 
4.6 
4.0 
3.4 
3.0 
3.6 

0.132 
.150 
.187 
.207 
.155 
.124 

0  125 

May 

.139 

June 

.220 

July     . 

233 

August 

.167 

September 

109 

Mean 

.1592 
-1-4.0 

.1655 

Deviation,  per 
cent 

See  footnotes  at  end  of  table. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  m  the  United 
States — Continued 

WILLISTON,  N.  DAK.,  1911-1914  ^ 


Month 

Temperature 

Rela- 
tive 

Vapor 
pres- 
sure of 
water. 

Vapor 
pres- 
sure of 
air, 

Cd 

Vapor 
pres- 
sure 
differ- 
ence, 
e,—ed 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

humid- 
ity 

Ob- 
served 

Com- 
puted 

April  .. 

46 
53 
67 
67 
64 
54 

49 
56 

Per  cent 

Inch  of 
mer- 
cury 
0.347 
.448 
.707 
.732 

Inch  of 
mer- 
cury 
0.204 
.259 
.413 
.404 

Inch  of 

mer- 
cury 
0.143 
.189 
.294 

Milet 
per 
hour 
8.2 
7.8 
6.6 
5.0 

i.  Q 

Miles 

hour 
«6.7 
5.4 
4.6 
3.4 
3.4 
3.6 

Inch 
0.162 
.176 
.245 
.249 
.186 
.124 

Inch 

0.151 

.193 

.275 

262 

May 

June 

69  i 

70  1 

67 

July 

August 

.401  I        260 

.208 
.107 

September 

55 

j      .432 

.302  1      .130          5.2 

Mean 

i 

.1903 
+4.7 

.1993 

Deviation,  per 
cent 

1 



HAYS,  KA.NS.,  1909-1912  » 


April 

52 
62 
73 
79 
76 
68 

51 
62 

71 
77 
75 
66 

0.373 
.565 
.757 
.926 
.866 
.638 

0.224 
.359 
.480 
.576 
.547 
.429 

0.149 

.196 
.277 
.350 
.319 
.209 

11.4 
10.2 
7.6 
6.4 
7.0 
7.7 

»7.9 
7.0 
5.2 
4.4 
4.8 
5.3 

0.228 
.252 
.296 
.313 
.300 
.233 

0  194 

May 

236 

June 

.277 

July 

319 

August  . 

305 

September 

212 

Mean. 

.2702 
-4.8 

.2572 

Deviation,  per 
cent 



1 

HAYS,  KANS.,  1913-1916  • 


AprlL..    . 

53 
61 
71 
78 
78 
67 

53 
63 
72 
77 
76 
67 

:::::::: 

0.402 
.575 
.783 
.926 
.866 
.661 

0.277 
.391 
.535 
.542 
.500 
.423 

0.125 
.184 
.284 
.384 
.366 
.238 

9.9 
8.6 
8.2 
7.0 
7.0 
7.7 

»6.8 
5.9 
5.7 
4.8 
4.8 
5.3 

0.176 
.204 
.257 
.341 
.329 
.238 

0  147 

May:::::::::::::::: 

.199 

June 

.262 

July 

.367 

August.  . ... 

.350 

September 

.241 

Mean 

.2675 

+1.4 

.2610 

Deviation,  per 
cent. 

DEER  FLAT,  IDAHO,  1916-1923  " 


April    . 

49.7 
57.7 
65.1 
73.0 
70.6 
69.5 
50.2 
38.7 
31.7 

"54.9 
52.8 
48.3 
37.8 
39.4 
47.0 
68.9 
66.0 
74.2 

0.356 
.476 
.618 
.810 
.746 
.508 
.362 
.234 
.178 

0.195 
.251  ! 
.298  1 
.306  i 
.294  i 
.239  ! 
.213  1 
.154 
.132 

0.161 
.225 
.320 
.504 
.452 
.269 
.149 
.080 
.046 

4.92 
3.47 
1.98 
1.31 
0.S7 
1.44 
1.90 
2.34 
3.26 

0.184 
.182 
.227 
.267 
.231 
.165 
.093 
.036 
.027 

0.167 

May 

.183 

June..  . 

.207 

July 

.288 

August 

.240 

September 

.157 

October.. 

.095 

November 

.055 

December 

.036 

Mean 

i i 

.1556 
+1.3 

.1576 

Deviation,  per 
cent 

i           ! 



See  footnotes  at  end  of  table. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  in  the  United 
States — Continued 

DICKINSON,   N.   DAK.,   1909-1912  12 


Month 

Temperature 

Rela- 
tive 
humid- 
ity 

Vapor 
pres- 
sure of 
water, 
e. 

Vapor 
pres- 
sure of 
air, 
ed 

Vapor 
pres- 
sure 
differ- 
ence, 
e»-ed 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

Ob- 
served 

Com- 
puted 

April 

42 
51 
63 
66 
63 
54 

op 

45 
54 
67 
70 
66 
56 

Per  cent 

Inch  of 
mer- 
cury 
n  9fto 

Inch  of 
mer- 
cury 
0.188 
.243 
.398 
.405 
.396 
.287 

Inch  of 
mer- 
cury 
0.111 
.174 
.263 
.327 
.242 
.161 

Miles 

hour 
8.4 
9.2 
6.9 
6.2 
6.0 
6.6 

Miles 

per 

hour 

»6.8 

6.3 

4.8 

4.3 

4.1 

4.  5 

Inch 
0.146 
.166 
.205 
.236 
.192 

Inch 
0.120 
.198 
.254 
.297 
.215 
.160 

May.-  - 

!      .417 

.661 

- J      .732 

- i      .638 

- --I      -448 

June 

July 

August 

Mean 

.1787 
+16.1 

.2067 

Deviation,  per 
cent 

GARDEN  CITY,  KANS.,  1910-1913  u 


April.. 

64 
64 
73 
79 

77 
67 

54 
63 
72 
75 
74 
66 

?::::::: 

0.417 
.575 
.783 
.866 
.838 
.638 

0.224 
.338 
.430 
.508 
.488 
.390 

0.193 
.237 
.353 
.358 
.350 
.248 

11.4 
11.1 
9.6 
8.6 
7.6 
8.4 

8  7. 9 
7.7 
6.6 
5.9 
5.2 
6.8 

0.204 
.283 
.328 
.367 
.322 
.247 

0  257 

May 

.310 
.417 
396 

June 

July 

August 

358 

270 

Mean  

.2918 
+14.6 

3346 

Deviation,  per 
cent 



NORTH  PLATTE,  NEBR.,  1908-1911  " 


April 

49 
57 
69 
72 
71 
66 

50 
57 
68 
73 
70 
64 





0.360 
.465 
.684 
.810 
.732 
.595 

0.200 
.298 
.474 
.565 
.638 
.399 

0.160 
.167 
.210 
.245 
.194 
.196 

9.6 
9.3 
8.8 
6.9 
7.1 
7.6 

»6.6 
6.4 
6.1 
4.8 
4.9 
5.2 

0.198 
.222 
.290 
.282 
.250 
.221 

0.189 

May                   

.  194 

.236 

July 

.239 

.192 

September..        

.200 

.2438 
-14.6 

.2083 

Deviation,  per 

NORTH  PLATTE,  NEBR.,  1915-1916  " 


April   

50 
56 
64 
74 
70 
62 

51 
56 
66 
74 
73 
64 

0.373 
.448 
.638 
.838 
.810 
.696 

0.243 
.292 
.432 
.539 
.498 
.382 

0.130 
.156 
.206 
.299 
.312 
.213 

8.0 
7.9 
7.5 
7.1 
6.0 
6.4 

»5.5 
6.4 
6.2 
-      4.9 
3.4 
4.4 

0.178 
.208 
.217 
.284 
.222 
.186 

0.137 

May 

.163 

.211 

July 

.295 

.266 

September 

.198 

Mean 

.2158 
-2.9 

.2098 

Deviation,  per 
cent 

See  footnotes  at  end  of  table. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  in  the  United 
States — Continued 

ARDMORE,  S.  DAK.,  1913-1916  i» 


Month 

Temperature 

Rela- 
tive 
humid- 
ity 

Vapor 
pres- 
sure of 
water, 
e. 

Vapor 
pres- 
sure of 
air, 

Cd 

Vapor 
pres- 
sure 
differ- 
ence, 
e,-ed 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

Ob- 
served 

Com- 
puted 

April                   

47 
54 
63 
72 
70 
61 

op 

49 
59 
67 
74 
70 
62 

Percent 

Inch  of 
mer- 
cury 
0.347 
.499 
.661 
.838 
.732 
.555 

Inch  of 
mer- 
cury 
0.228 
.277 
.381 
.412 
.388 
.314 

Inch  of 
mer- 
cury 
0.119 
.222 
.280 
.426 
.344 
.241 

Miles 

hour 
6.9 
7.0 
6.0 
5.3 
4.6 
5.6 

Miles 

per 

hour 

»4.8 

4.8 

4.1 

3.7 

3.2 

3.9 

Inch 
0.129 
.175 
.235 
.273 
.241 
.204 

Inch 
0.117 

May - 

.219 

June                 

.254 

July 

.366 

.276 

September 

.213 

.2095 
+14.9 

.2408 

Deviation,  per 
cent 

AMARILLO,  TEX.,  1911-1914  i? 


April.- 

55 
66 
73 

77 
76 
67 

64 
64 
71 
74 
74 
67 

0.417 
.595 
.757 
.838 
.838 
.661 

0.212 
.324 
.444 
.487 
.458 
.393 

0.205 
.271 
.313 
.351 
.380 
.268 

10.0 
9.5 
8.7 
7.4 
6.9 
7.2 

»6.9 
6.6 
6.0 
5.1 
4.8 
5.0 

0.240 
.295 
.314 
.322 
.305 
.232 

0.252 

May - 

.324 

June 

.352 

July 

.358 

August 

.375 

September 

.270 

Mean 

.2847 
+13.0 

.3218 

Deviation,  per 
cent 

1 

AGRICULTURAL  COLLEGE,  N.  MEX.,  1918-1926  " 


January...  . 

42.1 
46.2 
53.0 
60.5 
69.1 
78.2 
80.4 
78.6 
72.5 
61.5 
49.3 
42.1 





52 
52 
46 
42 
40 
42 
64 
68 
59 
56 
66 
53 

0.267 
.312 
.402 
.628 
.710 
.963 

1.036 
.976 
.797 
.646 
.361 
.267 

0.139 
.162 
.186 
.221 
.284 
.404 
.659 
.566 
.470 
.305 
.193 
.141 

0.128 
.160 
.217 
.306 
.426 
.669 
.476 
.410 
.327 
.240 
.158 
.126 

2.01 
2.81 
3.30 
3.31 
2.22 
1.94 
1.90 
1.40 
1.46 
1.58 
1.83 
1.94 

0.092 
.161 
.239 
.312 
.358 
.397 
.360 
.316 
.270 
.191 
.121 
.081 

0.085 

February 

.113 

March 

.176 

April 

.248 

May 

.293 

June.- 

.367 

July 

.310 

August .. 

.243 

September 

.196 

October 

.147 

November 

.102 

December 

.083 

Mean 

.2415 
-18.5 

.1969 

Deviation,  per 
cent 

DALHART,  TEX.,  1909-1912  ^ 


April 

62 
62 
72 
77 
74 
67 

53 
61 
70 
75 
74 
67 

0.402 
.636 
.732 
.866 
.838 
.661 

0.181 
.265 
.379 
.450 
.460 
.338 

0.221 
.271 
.353 
.416 
.378 
.323 

10.3 
9.7 
8.5 
7.4 
7.0 
7.0 

»7.1 
6.7 
5.9 
5.1 

4.8 
4.8 

0.274 
.308 
.365 
.356 
.318 
.265 

0.277 

May... 

.327 

June 

.393 

July     . 

.426 

August 

.373 

September.. 

.318 

Mean 

1 

.3143 
+12.1 

.3522 

Deviation,  per 
oent 



1 

See  footnotes  at  end  of  table. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  in  the  United 
States — Continued 

DALHART,  TEX.,  1913-1916  20 


Month 

Temperature 

Rela- 
tive 
humid- 
ity 

Vapor 
pres- 
sure of 
water, 
e. 

Vapor 
pres- 
sure of 
air. 

Vapor 
pres- 
sure 
differ- 
ence, 
e,-ed 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

Ob- 
served 

Com- 
puted 

April 

53 
62 
73 
76 
74 
66 

op 

54 
63 
73 
76 
76 
68 

Per  cent 

Inch  of 
mer- 
cury 
0.417 
.575 
.810 
.896 
.896 
.684 

Inch  of 
mer- 
cury 
0.254 
.392 
.471 
.555 
.624 
.411 

Inch  of 
mer- 
cury 
0.163 
.183 
.339 
.341 
.372 
.273 

Miles 

hour 
8.6 
8.2 
6.8 
7.1 
6.0 
6.8 

Miles 

hour 
«5.9 
6.7 
4.7 
4.9 
4.1 
4.7 

Inch 
0,222 
.299 
.317 
.337 
.301 
.237 

Inch 
0  181 

May 

.200 

June.- 

.331 

July 

.340 

August 

.337 

September 

.266 

Mean 

.2855 
-3.5 

.2758 

Deviation,  per 



TUCUMCARI,  N.  MEX.,  1913-1916  s 

1 

April 

56 
66 
74 
78 
76 
69 

52   

0.387 
.536 
.707 
.810 
.783 
.616 

0.222 
.270 
.381 
.450 
.454 
.359 

0.165 
.266 
.326 
.360 
.329 
.267 

7.5 
7.4 
7.2 
5.4 
4.7 
5.2 

«5.2 
5.1 
5.0 
3.7 
3.2 
3.6 

0.222 
.313 
.355 
.334 
.293 
.244 

0.170 

May 

61 
69 
73 
72 
65 



.272 

June            -  

.329 

July 

.309 

August       -  -  -  - 

.264 

September 

.218 

Mean        _  . 

.2935 
-11.3 

.2603 

Deviation,  per 
cent 

AKRON, 

COLO., 

1908-1911  M 

April       

48 
54 
66 
71 
68 
63 

49 
66 
68 
73 
68 
63 

0.347 

.448 
.684 
.810 

.684 
.675 

0.180 
.232 
.350 
.405 
.404 
.295 

0.167 
.216 
.334 
.405 
.280 
.280 

8.6 
9.1 
7.7 
6.5 
6.4 
6.8 

•  5.9 
6.3 
5.3 
4.5 
4.4 
4.7 

0.181 
.223 
.276 
.302 
.262 
.228 

0.188 

May 

.253 

June      - - 

.352 

July 

.389 

August     ■ 

.266 

September 

.276 

Mean    _  .  .  . 

.2453 
-t-17.1 

.2873 

Deviation,  per 
cent   

FORT  COLLINS,  COLO.,  1890-1928  «» 


April " 

45.3 
54.1 
63.0 
68.2 
67.3 
59.1 
47.7 

49.7 
69.7 
69.7 
75.3 
73.6 
65.6 
53.0 

0.175 
.231 
.312 
.353 
.332 
.269 
.177 

M2.07 
1.57 
1.10 
.92 
.88 
1.00 
1.21 

0.138 
.160 
.182 
.187 
.176 
.147 
.106 

0.120 

May 



.144 

.178 

July 

.194 

! 

.181 

September         .  . 

.150 

October 

.103 

Mean 

.1566 
-2.4 

.1529 

Deviation,  per 
cent 

SANTA  FE,  N.  MEX.,  1916-1926  «• 


January 

29 
33 
40 
47 
56 
65 
69 
67 
61 
50 
39 
31 

60 
59 
50 
44 
39 
38 
52 
54 
51 
50 
54 
60 

0.160 
.188 
.247 
.322 
.448 
.616 
.707 
.66] 
.536 
.360 
.237 
.173 

0.096 
.111 
.123 
.142 
.175 
.234 
.368 
.357 
.273 
.180 
.128 
.104 

0.064 
.077 
.123 
.180 
.273 
.382 
.339 
.304 
.263 
.180 
.109 
.069 

2.75 

0.049 
.076 
.128 
.206 
.275 
.338 
.288 
.260 
.218 
.155 
.085 
.045 

0.051 

3.12 

3.49 

3.83 

1      3.39 

!      2.77 

1      1.90 

1.64 

.065 

March             

.110 

April 

.167 

May       

.238 

June 

.305 

July 

.234 

August 

.200 

September 

1.75 
2.10 
2.40 
2.37 

.177 

October 

.129 

November 

.082 

December    

.052 

Mean 

.1769 
-14.7 

.1508 

Deviation,  per 

1 

See  footnotes  at  end  of  table. 
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Table  19. — Pertinent  mean  monthly  meteorological  data,  and  evaporation  as 
observed  and  as  computed  from  formula  10,  at  various  stations  in  the  United 
States — Continued 


WAGON  WHEEL  GAP,  COLO.,  1920-1926  « 


Month 

Temperature 

Rela- 
tive 
humid- 
ity 

Vapor- 
pres- 
sure of 
water, 
e. 

Vapor 
pres- 
sure of 
air, 
ed 

Vapor 
pres- 
sure 
differ- 
ence, 
e,—ed 

Wind 
veloc- 
ity 

Ground 
wind 
veloc- 
ity 

Evaporation 
per  24  hours 

Air 

Water 

Ob- 
served 

Com- 
puted 

op 

51.4 
54.4 
51.8 
46.0 

'>F. 

Percent 

Inch  of 
mer- 
cury 
0.379 
.422 
.384 
.310 

Inch  of 
mer- 
cury 
0.215 
.305 
.288 
.201 

Inch  of 
mer- 
cury 
0.164 
.117 
.096 
.109 

Miles 
hour 



Miles 
per 

hour 
2.5 
2.0 
1.7 
1.7 

Inch 
0.140 
.110 

Inch 
0.130 

July 

.asm 

.079  1        .067 

September      

.060  i        .075 

Mean 

.  09721      .  0892 

Deviation,  per 

-8.2 
+1.77 

Mean   devia- 
tion,     per 
cent. 

1  Elevation,  127  feet;  altitude  factor,  0.91;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported 
by  Ivan  E.  Houk  {20);  meteorological  records  by  the  University  of  Arizona. 

*  Humidity  record  taken  in  Yuma,  Ariz. 

»  Elevation,  181  feet;  altitude  factor,  0.91;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported  by 
Ivan  E.  Houk  (20);  meteorological  records  by  University  of  Arizona. 

*  Elevation,  1,406  feet;  altitude  factor,  0.94;  sunken  land  pan,  6  feet  in  diameter,  24  inches  deep;  evaporation 
reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Biuveau  of  Plant  Industry. 

*  Reduction  factor  of  0.689  used  to  obtain  ground  wind;  anemometer  approximately  24  inches  above  rims 
of  pans. 

*  Elevation,  1,468  feet;  altitude  factor,  0.94;  sunken  land  pan,  8  feet  In  diameter,  24  inches  deep;  evaporation 
reported  by  Robert  E.  Horton  (19);  meteorological  record  by  Bureau  of  Plant  Industry. 

?  Elevation,  1,875  feet;  altitude  factor,  0.95;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evaporation 
reported  by  Robert  E.  Horton  (W);  meteorological  records  by  Bureau  of  Plant  Industry. 

'  Elevation,  2,000  feet;  altitude  factor.  0.95;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

*  Elevation,  2,000  feet;  altitude  factor,  0.95;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

»•  Elevation,  2,510  feet;  altitude  factor,  0.96;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported 
by  Ivan  E.  Houk  (20);  meteorological  records  by  the  Bureau  of  Reclamation,  U.  S.  Department  of  the 
Interior. 

"  Relative  humidity  taken  at  Boise,  Idaho. 

"  Elevation,  2,543  feet;  altitude  factor,  0.96;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

i»  Elevation,  2,836  feet;  altitude  factor,  0.97;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evaporation 
reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

i«  Elevation,  2,841  feet;  altitude  factor  0.97;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  bv  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

»  Elevation,  2,841  feet;  altitude  factor,  0.97;  sunken  land  pan,  6  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

i»  Elevation,  3,557  feet;  altitude  factor,  0.98;  sunken  land  pan,  6  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

"  Elevation,  3,676  feet;  altitude  factor,  0.98;  sunken  land  pan,  6  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

"  Elevation,  3,863  feet;  altitude  factor,  0.98;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported 
by  Charles  E.  Linney  (22);  meteorological  records  by  U.  S,  Weather  Bureau. 

»  Elevation,  4,000  feet;  altitude  factor,  0.98;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

M  Elevation,  4,000  feet;  altitude  factor,  0.98;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

«  Elevation,  4,194  feet;  altitude  factor,  0.98;  sunken  land  pan,  6  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

"  Elevation,  4,650  feet;  altitude  factor,  0.99;  sunken  land  pan,  8  feet  in  diameter,  24  inches  deep;  evapora- 
tion reported  by  Robert  E.  Horton  (19);  meteorological  records  by  Bureau  of  Plant  Industry. 

"  Elevation,  5,000  feet;  altitude  factor,  1;  Colorado  sunken  land  pan,  3  feet  square,  3  feet  deep;  evaporation 
and  meteorological  records  furnished  by  Colorado  Agricultural  Eiperiment  Station. 

"  No  record  for  April,  1890,  1891,  and  1920.  ... 

«  Anemometer,  18  inches  high;  corrected  for  instrumental  error  by  anemometer  comparison  diagram  and 
reduced  to  ground  wind  by  factor  0.724.  ,       .  ,      , 

»•  Elevation,  6,975  feet,  altitude  factor,  1.04;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported 
by  Charles  E.  Linney  (;?£);  meteorological  records  by  U.  S.  Weather  Bureau.  .  .^ 

"  Elevation,  9,610  feet;  altitude  factor,  1.08;  U.  S.  Weather  Bureau  class  A  land  pan;  evaporation  reported 
by  C.  G.  Bates  and  A.  J.  Henry  (2);  meteorological  records  by  U.  S.  Weather  Bureau  and  Forest  Service. 
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A  study  of  the  results  obtained  on  the  85-foot  circular  reservoir  at 
Fort  Collins,  Colo.  (Table  14),  indicates  that  with  few  exceptions  the 
observed  evaporation  is  less  than  the  computed  evaporation.  The 
summary  by  months  (Table  16)  shows  that  on  the  average  the  ob- 
served evaporation  is  about  30  per  cent  less  than  the  computed 
evaporation.  Observations  by  Sleight  at  Denver,  which  were  con- 
firmed by  experiments  at  Fort  Collins,  Colo.,  and  Milford,  Utah 
(p.  72),  show  that  the  evaporation  per  unit  area  under  similar  condi- 
tions is  approximately  constant  when  the  diameter  of  the  tank  is 
greater  than  9  feet.  It  seems  evident,  therefore,  that  if  observations 
are  made  on  a  large  reservoir  or  lake  to  determine  the  mean  velocity 
of  the  wind  at  the  water  surface  and  the  mean  difference  in  vapor 
pressure,  it  would  be  possible  to  compute  the  evaporation  from  the 
reservoir  or  lake  either  by  substituting  the  observed  data  in  formula 
10,  and  then  reducing  the  result  by  23  per  cent,  or  by  substituting 
directly  in  the  formula 

£'=0.771  (1.465-0.0186  B)  (0.44  +  0.118  W)  {e^-ea)        (11) 

as  was  done  in  computing  the  evaporation  from  East  Park  Reservoir. 
(Table  17.) 

No  difficulty  should  be  encountered  in  obtaining  the  mean  meteoro- 
logical data  for  a  lake  or  reservoir,  but  to  check  the  accuracy  of  the 
evaporation  as  computed  from  these  data  the  true  evaporation  must 
be  known.  Few  records  of  this  sort  are  at  present  available,  but  it  is 
to  be  hoped  that  engineers  connected  with  work  where  conditions  are 
favorable  for  doing  so  will  keep  records  of  the  evaporation  loss  and 
the  necessary  meteorological  factors,  in*  order  that  the  accuracy  of 
the  method  of  determining  the  evaporation  from  large  bodies  of  water 
may  be  tested,  or  a  better  solution  of  the  problem  devised. 

SUGGESTIONS  REGARDING  EVAPORATION  OBSERVATIONS 

From  the  experience  accumulated  during  the  foregoing  evaporation 
experiments,  the  following  suggestions  are  offered  in  the  interest  of 
standardizing  the  procedure  in  making  evaporation  observations,  and 
to  assist  the  engineer  in  the  choice  of  the  type  of  tank  best  suited  for 
carrying  on  evaporation  experiments. 

Of  the  four  principal  types  of  evaporation  pans  used  in  the  United 
States,  the  United  States  Weather  Bureau  land  pan  is  probably  the 
one  most  commonly  used,  and  it  is  satisfactory  for  most  evaporation 
experiments.  It  is  a  circular  tank  48  inches  in  diameter  and  10 
inches  deep,  made  of  22-gage  galvanized  iron  and  supported  on  a 
grillage  of  timbers  so  that  the  bottom  of  the  tank  is  approximately 
6  inches  above  the  ground  surface.  The  tank  is  filled  with  water  to 
within  2  inches  of  the  top,  and  as  soon  as  the  depth  has  dropped  1  inch 
below  this  level  the  tank  is  refilled.  The  evaporation  loss  is  measured 
by  a  special  micrometer-hook  gage  in  a  stilling  well  which  is  placed 
in  the  tank  and  acts  as  support  for  the  gage.  This  pan  combines 
simplicity  of  design  with  ease  of  making  observations.  It  is  high 
enough  above  the  ground  so  that  water  does  not  splash  into  it  during 
rains,  nor  does  it  blow  full  of  snow  during  snowstorms.  Dust  and 
trash  do  not  blow  into  it  as  readily  as  into  the  sunken  land  tanks. 
The  water  in  the  pan  being  fully  exposed  to  the  air,  its  temperature 
follows  the  air  temperature  more  closely  than  does  that  of  the  water 
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in  either  the  sunken  or  the  floating  tanks.  Although  this  is  advanta- 
geous in  some  cases,  it  makes  it  difficult  to  obtain  the  mean  tempera- 
ture of  the  water  because  of  the  rapid  changes.  A  large  number  of 
these  tanks  have  been  installed  in  the  United  States,  and  much 
observational  data  are  available  from  them.  It  is  to  be  regretted, 
however,  that  only  a  few  have  been  installed  in  the  eastern  part  of 
the  United  States. 

From  the  standpoint  of  making  comparisons  with  known  data  on 
evaporation  losses,  the  Weather  Bureau  tank  is  probably  the  one 
best  adapted  to  the  study  of  evaporation  from  water  surfaces.  While 
not  all  of  the  data  necessary  for  making  such  comparisons  are  ob- 
tained by  the  Weather  Bureau,  the  necessary  information  can  usually 
be  approximated  from  the  records  of  near-by  Weather  Bureau  stations. 
The  rate  of  evaporation  from  this  tank  is  much  higher  than  that  from 
a  lake  or  reservoir  under  similar  conditions,  and  consequently  a  large 
correction  must  be  made  in  determining  the  reservoir  equivalent. 
The  correction  factor  has,  however,  been  determined  under  a  wide 
range  of  conditions  with  very  consistent  results. 

The  type  of  pan  developed  b}^  the  Bureau  of  Plant  Industry  of  the 
United  States  Department  of  Agriculture  is  also  very  satisfactory. 
It  is  a  cylindrical  tank  6  feet  in  diameter  and  2  feet  deep,  made  of 
22-gage  galvanized  iron  and  sunk  in  the  ground  so  that  4  inches  of 
the  rim  projects  above  the  surface.  The  water  surface  is  maintained 
at  approximately  4  inches  below  the  rim,  or  at  about  the  elevation  of 
the  ground  surface.  Whenever  the  water  surface  deviates  more  than 
one-half  inch  from  this  level,  owing  either  to  evaporation  or  to  pre- 
cipitation, it  is  brought  back  to  the  standard  level.  Evaporation  is 
measured  by  a  micrometer-point  gage  mounted  on  the  stilHng  well 
which  is  attached  to  the  outside  of  the  tank. 

Evaporation  records,  including  complete  meteorological  data  (water 
temperature  records  discontinued  after  1916),  are  available  for  this 
type  of  tank  at  each  of  the  28  dry-land  stations  of  the  Bureau  of 
Plant  Industry  in  the  western  half  of  the  United  States.  Evapora- 
tion values  as  obtained  from  the  Plant  Industry  tank  do  not  vary 
through  so  wide  a  range  as  those  from  the  Weather  Bureau  pan,  and 
the  variation  from  the  evaporation  from  a  large  water  surface  is  also 
less;  consequently  the  factor  required  to  compute  the  reservoir 
equivalent  is  nearer  unity.  The  water  temperature  changes  more 
slowly  than  does  that  of  the  Weather  Bureau  pan,  and  it  is  therefore 
easier  to  determine  the  mean  water  temperature.  Since  the  rim  is  4 
inches  above  the  ground,  the  tank  is  protected  to  a  considerable 
extent  from  splashing  rain,  drifting  snow,  and  blowing  dust  and  trash, 
although  not  so  completely  as  the  Weather  Bureau  pan. 

The  Plant  Industry  tank  has  the  disadvantage  of  being  larger  and 
more  expensive  to  build  and  install  than  the  Weather  Bureau  pan. 
Another  objection  is  that  there  are  no  records  from  it  for  the  eastern 
part  of  the  United  States,  nor  has  the  factor  for  determining  the  reser- 
voir equivalent  been  established  under  so  wide  a  range  of  conditions 
as  for  some  of  the  other  types  of  tanks. 

The  Colorado  pan  has  most  of  the  advantages  and  disadvantages 
of  the  Plant  Industry  pan  but  has  not  been  used  as  extensively  as. 
either  of  the  pans  just  described.  It  is  made  of  18-gage  galvanized 
iron  and  is  3  feet  square  and  3  feet  deep,  although  an  18-inch  depth 
may  be  used  without  detriment  to  the  accuracy  of  the  observations. 
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The  tank  is  sunk  in  the  ground  so  that  the  top  is  from  2  to  6  inches 
above  the  ground  surface,  but  4  inches  would  probably  be  more 
satisfactory  for  most  conditions  because  it  would  tend  to  eliminate 
troubles  due  to  drifting  of  snow,  splashing  of  rain,  and  accumulation 
of  dust  and  trash  in  the  tank.  The  water  in  the  tank  is  maintained 
at  the  elevation  of  the  ground  surface  and  should  not  be  allowed  to 
deviate  more  than  1  inch  either  way  from  this  level.  Evaporation 
is  measured  by  a  hook  gage,  and  for  accurate  results  a  stilling  well 
should  be  used. 

The  rate  of  evaporation  from  the  Colorado  tank  is  between  the 
rates  from  the  two  tanks  first  mentioned.  Since  the  tank  is  sunken 
the  water  temperature  lags  behind  the  air  temperature.  In  this 
respect  it  approaches  a  large  water  surface  more  nearly  than  does 
the  Weather  Bureau  pan.  The  correction  factor  for  computing  the 
reservoir  equivalent  has  been  determined  under  varying  conditions 
with  uniformly  consistent  results.  The  tank  is  easy  to  construct 
and  is  cheaper  than  the  Plant  Industry  type. 

The  United  States  Geological  Survey  floating  tank  has  been  used 
chiefly  in  the  study  of  evaporation  from  lakes  and  reservoirs.  It  is 
made  of  18-gage  galvanized  iron  and  is  3  feet  square  and  18  inches 
deep.  The  tank  is  supported  by  two  cylindrical  floats  9  inches  in 
diameter  and  42  inches  long,  so  that  it  floats  in  the  water  with  3 
inches  of  the  rim  above  the  water  surface.  The  water  inside  the 
evaporation  pan  is  maintained  at  the  same  level  as  that  outside. 
The  pan  is  floated  inside  a  raft  14  by  16  feet,  which  is  supported  by 
barrels  at  the  corners.  Surging  in  the  pan  is  reduced  by  two  diagonal 
diaphragms  beneath  the  water  surface.  These  diaphragms  are  per- 
forated with  1-inch  holes  on  3-inch  centers.  A  stilling  well  with  a 
fixed  point  for  determining  the  evaporation  loss  is  located  at  the  inter- 
section of  the  diaphragms.  A  special  measuring  cup  which  holds 
just  sufficient  water  to  raise  the  water  in  the  evaporation  pan  0.01 
inch,  is  used  for  determining  evaporation. 

The  Geological  Survey  tank  is  not  affected  by  drifting  snow  or 
splashing  rain,  and  neither  dust  nor  trash  can  blow  into  it.  Being 
set  in  the  water,  the  tank  is  subjected  to  conditions  comparable  to 
those  "existing  in  a  large  water  surface,  and  consequently  the  factor 
for  computing  the  reservoir  equivalent  should,  it  would  seem,  be 
nearer  unity  than  the  factors  for  the  land  tanks.  Experimental 
results  have  been  inconsistent,  but  they  show  that  evaporation  from 
a  floating  tank  is  almost  identical  with  that  from  a  sunken  land  pan 
of  the  same  dimensions.  Since  the  floating  pan  is  relatively  expen- 
sive to  construct  and  difficult  to  maintain,  and  since  it  is  constantly 
subject  to  being  splashed  full  from  outside  waves  or  to  being  partly 
emptied  by  water  splashing  out  of  the  tank  because  of  the  rolling  of 
the  pan,  this  type  of  tank  is  rapidly  losing  favor. 

The  evaporation  from  the  Bureau  of  Plant  Industry  sunken  pan 
probably  approaches  the  evaporation  from  a  large  bod}^  of  water  more 
nearly  than  does  that  from  any  of  the  other  standard  types  of  land 
pans,  but  the  exact  factor  for  computing  the  reservoir  equivalent  has 
not  been  deflnitely  determined  for  this  pan.  On  the  other  hand, 
.this  factor  has  been  determined  experimentally  for  the  Weather  Bureau 
pan  and  the  Colorado  pan  with  very  consistent  results.  For  that 
reason,  one  or  the  other  of  these  latter  types  of  tanks  should  be  chosen 
for  determining  the  evaporation  loss  from  a  large  water  surface. 
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To  obtain  comparable  and  reliable  evaporation  data  from  any  of 
these  tanks,  its  location  should  be  given  careful  consideration.  The 
land  tanks  should  be  installed  on  a  level  area  free  from  obstructions 
such  as  trees  and  buildings,  and  if  the  record  is  for  the  purpose  of 
determining  the  equivalent  reservoir  evaporation,  the  location  chosen 
should  be  representative  of  the  conditions  existing  at  the  reservoir. 
The  tanks  should  not  be  installed  in  isolated  places  at  long  distances 
from  the  observers'  homes,  or  far  from  suppHes  of  soft  water.  A 
close-mesh  wire  fence  should  be  provided  to  protect  the  equipment. 

If  it  is  necessary  to  install  a  floating  pan  for  any  reason  such  as 
obtaining  comparative  evaporation  data,  the  place  chosen  should  be 
in  an  area  protected  from  the  full  force  of  the  waves,  but  the  exposure 
to  the  wind  should  represent  average  conditions.  Owing  to  the  effect 
of  altitude  on  the  evaporation  from  all  types  of  pans,  the  approximate 
elevation  of  the  site  chosen  should  be  known. 

Complete  meteorological  records  should  be  kept  and  a  standardized 
procedure  followed  in  taking  the  observations,  in  order  that  compari- 
sons may  be  made  between  the  evaporation  observations  at  different 
stations.  This  record  should  include  the  mean  temperature  of  the 
air  and  of  the  water,  wet-  and  dry-bulb  air  temperatures,  wind  move- 
ment, precipitation,  and  evaporation  loss.  The  instruments  required 
for  taking  these  observations  are  as  follows : 

Two  sets  of  maximum  and  minimum  thermometers  for  determining  the  mean 
air  and  water  temperatures,  or 

Two  ordinary  thermometers  where  observations  can  be  taken  twice  daily  at 
12-hour  intervals  or  oftener. 

One  psychrometer  for  determining  the  humidity. 

One  anemometer  for  recording  the  wind  movement. 

One  rain  gage  for  measuring  the  precipitation. 

One  gage  for  measuring  the  evaporation. 

One  instrument  shelter  for  housing  the  air  thermometers  and  the  psychro- 
meter. 

Standard  Weather  Bureau  practice  should  be  followed  in  taking 
the  observations.  That  bureau  has  prepared  complete  instructions 
(21)  for  the  operation  of  the  class  A  land-pan  stations;  observations 
on  the  other  types  of  tanks  should  follow  the  same  procedure  as 
closely  as  the  differences  in  the  tanks  ^\ill  permit. 

In  addition  to  the  records  required  by  the  Weather  Bureau,  the 
mean  temperature  of  the  water  and  the  relative  humidity  of  the  air 
should  be  recorded.  The  mean  water  temperature  may  be  deter- 
mined either  by  the  use  of  maximum  and  minimum  thermometers 
floating  in  the  water  with  their  bulbs  immersed  about  one-fourth 
inch  beneath  the  surface,  or  by  the  use  of  ordinary  thermometers 
similarly  exposed.  Maximum  and  minimum  thermometers  have  the 
advantage  of  requiring  but  a  single  reading  daily,  whereas  ordinary 
thermometers  must  be  read  at  least  twice  daily,  at  12-hour  intervals, 
to  obtain  a  fair  average  of  the  temperature.  Maximum  thermometers 
have,  however,  the  disadvantage  of  being  broken  frequently  by 
inexperienced  observers.  The  slin^,  or  rotating,  psychrometer  should 
be  used  in  determining  the  humidity.  The  customary  practice  is  to 
take  the  readings  at  7  a.  m.  and  7  p.  m.  The  mean  resulting  from 
these  two  readings  is  not  ordinarily  the  true  mean  for  the  day,  but 
it  is  usually  impracticable  to  take  readings  more  frequently. 

The  anemometer  at  a  Weather  Bureau  class  A  land  pan  should  be 
mounted  on  a  standard  support  attached  to  the  grillage  of  timbers 
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upon  which  the  pan  rests.  This  places  the  cups  of  the  anemometer 
at  about  6  inches  above  the  top  of  the  tank.  The  standard  practice 
of  the  Bureau  of  Plant  Industry  is  to  so  place  the  anemometer  that 
the  cups  are  24  inches  above  the  top  of  the  tank.  The  anemometer 
for  the  Colorado  pan  and  for  the  Geological  Survey  pan  should  be 
so  installed  that  their  cups  are  approximately  18  inches  above  the 
surface  of  the  ground  or  water. 

The  rain  gage  should  be  of  the  Weather  Bureau  type  and  should 
be  installed  in  accordance  with  the  bureau's  instructions  (21). 

Special  types  of  evaporation  gages  are  ordinarily  used  in  connect- 
tion  with  the  different  evaporation  pans,  but  any  gage  giving  read- 
ings accurate  to  within  0.001  foot  should  be  satisfactory. 

Although  the  Weather  Bureau  recommends  taking  the  observations 
once  daily  at  7  a.  m.,  they  should  be  taken  oftener  when  humidity 
readings  are  included.  Observations  taken  twice  daily,  usually  at 
7  a.  m.  and  7  p.  m.,  are  satisfactory  for  the  most  part,  but  where 
great  accuracy  is  required  observations  should  be  taken  more  fre- 
quently. 

SUMMARY 

The  calibrations  of  the  optical  evaporimeter  used  in  measuring 
evaporation  under  still-air  and  controlled  conditions  in  the  laboratory 
and  under  fully  exposed  conditions  outside,  showed  that  in  general 
the  average  maximum  deviation  from  the  mean  values  of  the  con- 
stants w^as  between  4  and  5  per  cent,  although  for  11  of  the  29  cali- 
brations the  maximum  deviation  from  the  mean  was  2  per  cent  or 
less. 

Comparison  of  vapor  pressures  determined  by  the  sling  and  by 
aspiration  psychrometers  indicated  that  the  sling  psychrometer  gave 
consistently  lower  results.  The  mean  difference  was  4.08  per  cent. 
This  probably  was  due  to  the  fact  that  the  observations  were  not 
made  at  the  same  elevation  above  the  water  surface.  A  later  com- 
parison of  the  vapor  pressures  determined  by  sling  and  aspiration 
psychrometers  with  those  determined  by  the  Alluard  dew-point  hy- 
grometer under  more  nearly  comparable  conditions  showed  that  with- 
out exception  the  sling  and  aspiration  psychrometers  gave  higher 
values,  and  that  the  mean  deviation,  which  was  nearly  the  same  for 
all  the  psychrometers,  was  about  3  per  cent. 

For  still-air  conditions  in  the  laboratory,  there  was  no  relation 
between  the  evaporation  and  the  temperatures  of  air  and  water,  but 
there  was  a  definite  relation  between  the  difference  in  temperature 
and  the  evaporation,  as  there  was  also  between  the  difference  in 
vapor  pressure  and  the  evaporation. 

Expansion  and  contraction  due  to  temperature  changes  have  a 
definite  effect  on  evaporation  observations  but  may  be  eliminated 
from  the  evaporation  record  by  taking  the  means  of  the  observations 
for  24-hour  periods,  because  the  rise  and  fall  of  the  temperature  in 
a  24-bour  cycle  will  be  nearly  equal. 

Tests  on  the  effect  on  evaporation  of  expansion  and  contraction  due 
to  temperature  changes  showed  that  the  evaporation  from  the  oil  film 
used  to  cover  the  water  surface  was  about  2  per  cent  of  the  evaporation 
that  occurred  from  a  water  surface  under  similar  conditions. 
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Under  conditions  of  controlled  wind  in  the  laboratory,  evaporation 
bore  no  relation  to  the  temperature  of  the  air  or  of  the  water,  or  to 
the  difference  in  temperature  of  the  air  and  the  water.  However,  a 
definite  relation  was  found  to  exist  between  evaporation  and  wind 
velocity  and  between  evaporation  and  difference  in  vapor  pressure. 
This  relation  agrees  reasonably  well  with  the  experimental  data 
except  in  the  cases  where  those  data  are  known  to  be  in  error. 

The  experimental  results  from  hourly  observations  outside,  under 
fully  exposed  conditions,  were  not  so  consistent  as  those  obtained 
inside,  nor  did  the  results  agree  so  well  with  the  results  computed  by 
formula  6,  although  the  mean  values  check  quite  closely. 

Observations  at  Fort  Collins,  Colo.,  on  the  evaporation  from  a 
heated  water  surface  in  winter  indicated  that  Dal  ton's  law  holds  for 
these  conditions.  The  mean  values  showed  that  the  evaporation 
from  the  heated  water  surface  was  about  equal  to  the  mean  summer 
evaporation  at  Fort  ColUns. 

Comparison  of  the  observed  and  computed  evaporation  from  ice 
in  a  pan  17}^  inches  in  diameter,  under  controlled  conditions  in  the 
laboratory,  showed  that  when  there  was  no  perceptible  air  move- 
ment the  observed  evaporation  loss  was  considerably  less  than  the 
computed  evaporation,  but  that  when  the  air  was  agitated  slightly 
by  an  electric  fan  the  observed  and  computed  evaporation  agreed 
fairly  well.  When  a  definite  air  velocity  was  maintained  over  the 
surface  of  the  ice,  the  computed  evaporation  was  less  than  the  ob- 
served evaporation.  This  may  have  been  due  to  the  roughening  of 
the  ice  by  the  wind  which  caused  an  increase  in  the  evaporating  area. 
The  rate  of  evaporation  from  ice  varied  between  0.0032  and  0.1423 
inch  per  24  hours. 

Observations  on  the  effect  of  altitude  on  evaporation,  as  indicated 
by  the  deviation  from  the  evaporation  formula  at  different  points  in 
the  West  with  elevations  of  from  68  feet  below,  to  14,109  feet  above 
sea  level,  show  that  for  similar  meteorological  conditions  there  is  a 
definite  increase  in  evaporation  as  altitude  increases.  In  making 
these  observations  it  was  discovered  that  the  kind  of  paint  used  on  the 
inside  of  the  evaporation  tank  affected  the  rate  of  evaporation.  The 
maximum  deviation  of  the  mean  evaporation  as  computed  by  the 
formula  and  the  mean  observed  evaporation  corrected  for  Imown 
errors  was  5.4  per  cent. 

Observations  under  similar  conditions  at  Fort  Collins,  Colo.,  using 
the  United  States  Geological  Survey  floating  tank,  the  Colorado 
sunken  tank,  the  United  States  Weather  Bureau  class  A  land  pan, 
and  the  85-foot  circular  reservoir  showed  that  in  general  the  maximum 
evaporation  occurred  from  the  Weather  Bureau  class  A  land  pan,  and 
the  minimum  from  the  reservoir.  The  evaporation  from  the  Geologi- 
cal Survey  floating  tank  agreed  quite  closely  with  that  from  the 
Colorado  sunken  tank. 

Daily  evaporation  losses  at  Fort  Collins,  Colo.,  computed  by 
formula  10  for  the  Geological  Survey  floating  tank,  the  Colorado 
sunken  tank,  and  the  Weather  Bureau  class  A  land  pan,  agreed 
reasonably  well  with  the  observed  losses  from  these  tanks,  but  the 
computed  loss  from  the  85-foot  circular  reservoir  was  with  few  excep- 
tions greater  than  the  observed  evaporation. 
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The  monthly  mean  observed  and  computed  evaporation  losses 
showed  the  same  trend,  but  the  results  were  more  consistent.  The 
mean  deviations  of  the  computed  evaporation  from  the  observed 
values  for  the  entire  period,  for  the  85-foot  circular  reservoir,  the 
Geological  Survey  floating  tank,  the  Colorado  sunken  tank,  and  the 
Weather  Bureau  class  A  land  pan  were,  respectively,  +29.7,  —2.0, 
+  2.9,  and  —1.6  per  cent. 

In  observations  at  Stonyford,  Calif.,  on  the  mean  evaporation 
from  East  Park  Reservoir,  the  Colorado  sunken  pan,  the  4-foot  circular 
sunken  pan,  the  Weather  Bureau  class  A  land  pan,  and  the  4-foot 
circular  floating  pan,  the  maximum  evaporation  occurred  from  the 
Weather  Bureau  pan,  and  the  minimum  from  East  Park  Reservoir. 
The  evaporation  from  the  4-foot  floating  pan  was  almost  identical 
with  that  from  the  4-foot  sunken  pan. 

A  comparison  of  the  mean  evaporation  losses  at  Stonyford,  Calif., 
computed  by  formula  10  for  the  Colorado  sunken  pan,  the  4-foot 
circular  sunken  pan,  the  Weather  Bureau  class  A  land  pan,  and  the 
4-foot  circular  floating  pan  showed  that  the  computed  evaporation 
differed  from  the  observed  evaporation  by  respectively  +8.5,  +  12.7, 
—  12.4,  and  —1.5  per  cent.  The  mean  evaporation  loss  from  East 
Park  Reservoir,  as  computed  by  formula  11  for  large  water  surfaces, 
was  12.6  per  cent  greater  than  the  observed  evaporation. 

The  computed  results  at  Stonyford  were  not  so  accurate  as  those 
at  Fort  Collins,  probably  because  the  meteorological  observations  were 
taken  but  twice  daily  at  Stonyford. 

The  ratios  of  the  observed  evaporation  from  the  Colorado  sunken 
pan  to  that  from  the  East  Park  Reservoir,  Calif.  (1,800  acres),  the 
85-foot  circular  reservoir  at  Fort  Collins,  Colo.,  and  the  12-foot 
circular  sunken  pan  at  Denver,  Colo.,  were,  respectively,  1.326, 
1.266,  and  1.259.  For  the  Weather  Bureau  class  A  land  pan  (4  feet 
in  diameter  and  10  inches  deep)  these  respective  ratios  were,  1.457, 
1.427,  and  1.421. 

The  ratio  of  the  observed  evaporation  from  the  circular  sunken 
pan  to  that  from  East  Park  Reservoir  was  1.279. 

The  ratios  of  the  observed  evaporation  from  the  circular  floating 
pan  to  that  from  East  Park  Reservoir  and  the  12-foot  circular  pan  at 
Denver  were  1.275  and  1.035,  respectively. 

The  ratios  of  the  evaporation  from  the  Geological  Survey  floating 
pan,  to  the  evaporation  from  the  85-foot  circular  reservoir  at  Fort 
Collins  and  the  12-foot  circular  pan  at  Denver  were  1.301  and  1.125, 
respectively. 

It  should  be  noted  with  reference  to  the  above  comparisons  that  in 
the  Denver  experiments  the  Colorado  sunken  pan  was  36  inches  deep 
instead  of  18  inches,  and  that  the  circular  floating  pan  and  the  Geologi- 
cal Survey  floating  pan  were  located  in  Washington  Park  Lake,  more 
than  one-half  mile  from  the  12-foot  circular  pan. 

The  Geological  Survey  found  a  ratio  of  1 .470  between  the  evapora- 
tion from  a  Weather  Bureau  class  A  land  pan  and  a  circular  tank  12 
feet  in  diameter  at  Milford,  Utah. 

A  comparison  of  the  evaporation  as  computed  froni  the  meteorologi- 
cal data  by  formula  10  with  the  evaporation  at  various  points  in  the 
United  States  observed  by  other  agencies  showed  that  the  formula  has 
a  general  application. 


EVAPORATION  FROM  FREE  WATER  SURFACES  95 

LITERATURE  CITED 

(1)  ASSMANN,  R. 

1891.    THE  ASPIRATION  PSYCHROMETER  AND  ITS  USE   IN  BALOONS.       Amcr. 

Met.  Jour.  8:  211-216,  illus. 

(2)  Bates,  C.  G.,  and  Henry,  A.  J. 

1928.  forest  and  stream-flow  experiment  at  wagon  wheel  gap, 
COLO.,  final  report,  on  completion  of  the  second  phase  of 
THE  experiment.     U.  S.  Mo.  Weather  Rev.  Sup.  30,  79  p.,  illus. 

(3)  BiGELow,  F.  H. 

1907-10.  studies  of  the  phenomena  of  evaporation  of  water  over 
LAKES  and  reservoirs.  U.  S.  Mo.  Weather  Rev.  35:  311- 
316,  illus.,  1907:  36:  24^39,  437-445,  illus.,  1908:  38:  307-313, 
1910. 

(4)  

1909.  REPORT  ON  THE  TEMPERATURE  AND  VAPOR  TENSIONS  OF  THE  UNITED 

STATES    REDUCED    TO     A    HOMOGENEOUS    SYSTEM    OF    24    HOURLY 
OBSERVATIONS   FOR  THE  33-YEAR  INTERVAL  1873-1905.       U.  S.  Dept. 

Agr.,  Weather  Bur.  Bui.  S,  302  p.,  illus. 

(5)  Carpenter,  L.  G. 

1891.  section  of  meteorology  and  irrigation  engineering.  colo. 
Agr.  Exp.  Sta.  Ann.  Rpt.  4:  [29]-34,  illus.  Appendix  to  the 
report  of  the  meteorologist  and  irrigation  engineer,  p.  [25]-97, 
illus. 

(6)  Cone,  V.  M. 

1913.    HYDRAULIC    LABORATORY    FOR    IRRIGATION    INVESTIGATIONS,     FORT 

COLLINS,  COLO.     Eugin.  News  70:  662-665,  illus. 

(7)  CuMMiNGS,  N.  W.,  and  Richardson,  B. 

1927..  EVAPORATION   FROM   LAKES.     Phys.  Rev.   (2)  30:   527-534,  illus. 

(8)  Dalton,  J. 

1798.  EXPERIMENTAL  ESSAYS  ON  THE  CONSTITUTION  OF  MIXED  GASES; 
ON  THE  FORCE  OF  STEAM  OR  VAPOR  FROM  WATERS  AND  OTHER 
LIQUIDS  IN  DIFFERENT  TEMPERATURES,  BOTH  IN  A  TORRICELLIAN 
VACUUM  AND  IN   AIR;  ON  EVAPORATION;  AND  ON  THE  EXPANSION 

OF  GASES  BY  HEAT.     Mem.  Manchester  Lit.  and  Phil.  Soc.  5: 
535-602,  illus. 

(9)  Davis,  G.  E. 

1928.  PHYSICAL   PROPERTIES    OF   CONCRETE.     Amcr.    Soc.    Civ.    Engin. 

Proc.  54  (May,  1928,  pt.  3) :  199-214,  illus. 

(10)  Day,  P.  C. 

1917.  RELATIVE  HUMIDITIES  AND  VAPOR  PRESSURES  OVER  THE  UNITED 
STATES,  INCLUDING  A  DISCUSSION  OF  DATA  FROM  RECORDING  HAIR 

HYGROMETERS.     U.  S.  Mo.  Weather  Rev.  Sup.  6,  61  p.,  illus. 

(11)  Fitzgerald,  D. 

1886.  evaporation.     Amer.  Soc.  Civ.  Engin.  Trans.  15:  [581]-646,  illus. 

(12)  Folse,  J.  A. 

1929.  A  new  METHOD  OF  ESTIMATING  STREAM-FLOW,  BASED  UPON  A  NEW 

EVAPORATION    FORMULA.     237    p.,    iUus.     Washington,    D.    C. 
(Carnegie  Inst.  Wash.  Pub.  400.) 

(13)  FORTIER,  S. 

1907.  EVAPORATION  LOSSES  IN  IRRIGATION.  Engin.  News  58:  304-307, 
illus. 

(14)  Freeman,  J.  R. 

1926.  REGULATION   OF  THE   GREAT  LAKES  AND  EFFECT  OF  DIVERSIONS  BY 

CHICAGO  SANITARY  DISTRICT.       548  p.,  illuS. 

(15)  Grover,  N.  C,  and  others. 

1917-28.    SURFACE    WATER    SUPPLY    OF   THE    UNITED    STATES.       PART    VIII. 

WESTERN  GULF  OF  MEXICO  BASINS.  U.  S.  Gcol.  Survey  WatcF- 
Supply  Paper  438,  106  p.,  illus.,  1917;  Water-Supply  Paper 
468,  106  p.,  illus.,  1919;  Water-Supply  Paper  478,  1C6  p. 
illus.,  1922;  Water-Supply  Paper  608,  136  p.,  illus.,  1922; 
Water-Supply  Paper  628,  S6  p.,  illus.,  1923;  Water-Supply 
Paper  548,  124  p.,  illus.,  1925;  Water-Supply  Paper  668,  168 
p.,  illus.,  1927;  Water-Supply  Paper  688,  229  p.,  illus.,  1928. 

(16)  Hayes,  H.  K.,  and  Garber,  R.  J. 

1927.  BREEDING  CROP  PLANTS.     Ed.  2,  438  p.,  iUus.     New  York. 

(17)  Henry,  A.  J. 

1910.  THE  CHANGES  OF  WIND  WITH  ALTITUDE.     Mount  Weather  Observ. 

Bui.  2  (pt.  6) :  357-374,  illus. 


96        TECHNICAL  BULLETIN  271,  U.  S.  DEPT.  OF  AGRICULTURE 

(18)  HoRTON,  R.  E. 

1917.  A  NEW  EVAPORATION  FORMULA  DEVELOPED.  EMPIRICAL  STATE- 
MENT BASED  ON  PHYSICAL  LAWS  AGREES  WITH  OBSERVED  FACTS 
AND  IS  HELD  TO  BE  AN  IMPROVEMENT  OVER  EXISTING  FORMULAS. 

Engin.  News-Rec.  78:  196-199,  illus. 

(19)  

1921.  RESULTS  OF  EVAPORATION   OBSERVATIONS.     U.   S.    Mo.    Weather 

Rev.  49:  553-566. 

(20)  HouK,  I.  E. 

1927.    EVAPORATION   ON   UNITED   STATES  RECLAMATION   PROJECTS.       Amer. 

See.  Civ.  Engin.  Trans.  90:  [266]-378,  illus. 

(21)  Kadel,  B.  C. 

1919.  instructions  for  the  installation  and  operation  of  class 
''a"  evaporation  stations.     U.  S.   Dept.  Agr.,   Weather  Bur. 
Circ.  L.  Instrument  Div.  W.  B.  559,  30  p.,  illus. 

(22)  LiNNEY,  C.  E. 

1927.    TEN     YEARS     OF    EVAPORATION    IN     THE     SOUTHWEST.       U.     S.      Mo. 

Weather  Rev.  55:  320-322. 

(23)  Marvin,  C.  F. 

1915.  psychrometric  tables  for  obtaining  the  vapor  pressure, 
relative  humidity,  and  temperature  of  the  dew-point. 
...     U.  S.  Dept.  Agr.,  Weather  Bureau  Bui.  235,  87  p.,  illus. 

(24)  Matsumoto,  T. 

1922.  effects  of  moisture  on  behavior  of  concreie.     tests  show 

how  plain  and  reinforced  concrete  change  in  volume 
UNDER  VARYING  CONDITIONS  OF  WETNESS.  Engin.  News-Rec. 
88:  528-529. 

(25)  Meyer,  A.  F. 

1915.    COMPUTING   RUN-OFF    FROM   RAINFALL   AND    OTHER    PHYSICAL   DATA. 

Amer.  See.  Civ.  Engin.  Trans.  79:  [1056]-1224,  illus. 

(26)  

1917.  THE  ELEMENTS  OF  HYDROLOGY.     487  p.,  iUus.     New  York. 

(27)  MiLLIKAN,   R.  A. 

1903.  MECHANICS,    MOLECULAR    PHYSICS    AND    HEAT;    A    TWELVE     WEEKS' 

COLLEGE  COURSE.     242  p.,  iUus.     Boston. 

(28)  Preston,  T. 

1904.  THE  THEORY  OF  HEAT.     Ed.  2,  rev.  by  J.  R.  Cotter.     838  p.,  illus. 

London  and  New  York. 

(29)  Russell,  T. 

1888.  depth  of  evaporation  in  the  united  states.  u.  s.  mo. 
Weather  Rev.  16:  235-239,  illus. 

(30)  Sleight,  R.  B. 

1917.  evaporation  from  the  surfaces  of  water  AND  river-bed 
MATERIALS.     Jour.  Agr.   Research   10:  209-262,  illus. 

(31)  

1917.  CONVENIENT  FORM  OF  HOOK  GAUGE.     Engin.  News  77:  155-156, 

illus. 

(32)  Smithsonian  Institution. 

1918.  SMITHSONIAN   METEOROLOGICAL   TABLES.       Ed.    4,    reV.    261    p.    illus. 

City  of  Washington.     (Smithsn.  Misc.  Collect,  v.  69,  no.  1.) 

(33)  Stelling,  E. 

1882.  UEBER  DIE  abhangigkeit  der  verdunstung  DES  WASSERS  VON 
seiner  temperatur  und  von  der  feuchtigkeit  UND  BEWE- 
gung  der  luft.     42  p.,  illus.     St.  Petersburg. 

(34)  White,  W.  N. 

1927.  present  information  concerning  evaporation  inadequate. 
Utah  Engin.  2  (3):  4-5. 


0.  S.  OOVERNHENT  PR1NTIN6  OFFICE:  1931 


For  sale  by  the  Superintendent  of  Documents,  Washington,  D.  C.     -     -     -     Price  25  cents 


Technical  Bulletin  No.  272 


October,  1931 


THE 

MARKETING  AND  DISTRIBUTION 

OF  FRUITS  AND  VEGETABLES 

BY  MOTOR  TRUCK 


BY 
BRICE  EDWARDS 

Assistant  Marketing  Specialist 

AND 

J.  W.  PARK 

Agricultural  Economist,  Division  of  Fruits  and  Vegetables 
Bureau  of  Agricultural  Economics 


United  States  Department  of  Agriculture,  Washington,  D.  C. 


Technical  Bulletin  No.  272 


October,  1931 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
WASHINGTON,  D.  C. 


THE    MARKETING   AND   DISTRIBUTION 

OF  FRUITS  AND  VEGETABLES  BY 

MOTOR  TRUCK 

By  Bricb  Edwards,  Assistant  Marketing  Specialist,  and  J.  W.  Park,  Agricul- 
tural Economist,  Division  of  Fruits  and  Vegetables,  Bureau  of  Agricultural 
Economics 


CONTENTS 


Page 

Introduction.. - 1 

Scope  of  study  and  source  of  information 2 

Motor-truck  transportation  classified 2 

Quantity  shipped  by  motor  truck  compared 
with  quantity  shipped  by  railroad  and 

boat - - 3 

Receipts  on  city  markets. 6 

Trade  and  operating  practices  of— 

Truckmen 8 

Farmers 8 

Truckmen  carriers 10 

Truckmen  merchants 14 

Economic  aspects  of  shipping  by  truck  in 

marketing  fruits  and  vegetables. 18 

Effect  upon  distribution. 18 

Effect  upon  production.. 20 

Effect  upon  transportation. 21 

Regional  motor-truck  markets 21 

Wholesale  roadside  markets.. 26 

Adaptability  of  certain  products  to  motor- 
truck transportation 26 

Motor-truck  transportation  as  compared  with 

other  forms  of  transportation 28 

Motor-truck  transportation  in  various  sec- 
tions  - 28 

Delaware  and  the  Eastern  Shore  of  Mary- 
land and  Virginia- 28 

Cumberland-Shenandoah     sections     of 
Maryland,    Pennsylvania,    and    West 

Virginia 34 

New  Jersey 36 


Page 

Motor-truck  transportation  in  various  sec- 
tions— Continued. 

New  York,  Hudson  Valley 39 

New  York,  Long  Island 40 

New  York,  western 42 

Connecticut  and  Massachusetts 45 

Southeastern  Pennsylvania 46 

Southern  Indiana  and  southern  Illinois..  47 

Southwestern  Michigan 53 

North  Carolina 57 

Texas 68 

Motor-truck  unloads  in  certain  cities 58 

Boston _-  58 

Cincinnati 61 

Denver... 62 

New  York  City 62 

Los  Angeles 66 

Salt  Lake  City 69 

St.  Louis 70 

Indianapolis 71 

Buffalo,  Rochester,  and  Syracuse 73 

Other  cities 74 

Redistribution  by  motor  truck  from  large 

city  markets 76 

Baltimore 76 

Pittsburgh 78 

Other  cities 80 

Effect  of  redistribution  on  the  trade 83 

Relation   of  motor-truck   transportation   to 

cold-storage  and  processing  plants 84 

Summary „ 87 


INTRODUCTION 

Motor-truck  transportation  of  fruits  and  vegetables  has  become 
increasingly  important  during  recent  years.  The  use  of  trucks  has 
resulted  in  an  expansion  of  the  market-garden  area  through  the 
relocating  of  many  market  gardeners  farther  from  market  on  cheaper 
land.  Long-distance  trucking  of  highly  perishable  fruits  and  vege- 
tables up  to  a  maximum  distance  of  700  miles  has  become  a  reality. 

The  great  expansion  of  road  building  throughout  the  country  and 
the  increase  in  the  number  of  registered  trucks,  from  410  in  1904  to 
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8,379,854  in  1929,  have  provided  new  facilities  for  shipping  fruits 
and  vegetables,  have  changed  marketing  practices  to  some  extent,  and 
have  provided  improvement  in  distribution  under  certain  conditions. 

SCOPE  OF  STUDY  AND  SOURCE  OF  INFORMATION 

The  purpose  of  this  bulletin  is  to  present  a  general  picture  of 
motor-truck  transportation  of  fruits  and  vegetables  in  the  United 
States.  The  study  deals  chiefly  with  long-distance  motor-truck 
transportation.  Movements  of  approximately  20  miles  or  less,  most 
of  which  were  formerly  by  wagon,  including  transportation  of  mar- 
ket-garden supplies  and  draying  to  local  shipping  points  or  canning 
factories,  are  excluded  from  the  statistics  except  where  noted.  The 
volume  of  this  long-distance  motor-truck  transportation  is  theoreti- 
cally an  additional  quantity  of  fruits  and  vegetables  which  might  be 
moved  by  rail  and  boat  if  trucks  were  not  available. 

Detailed  studies  of  the  motor-truck  movements  have  been  made 
in  certain  areas  and  in  certain  markets  by  representatives  of  the 
Bureau  of  Agricultural  Economics.  General  information  and  esti- 
mates have  been  obtained  for  other  producing  areas  and  other  cities. 
Redistribution  by  truck  from  large  city  markets  has  been  studied, 
as  well  as  some  of  the  economic  aspects  of  the  use  of  motor  trucks  in 
transporting  and  merchandising  fruits  and  vegetables.  Information 
in  this  bulletin  is  based  mainly  upon  interviews  with  2,203  farmers, 
shippers,  and  truckmen  in  producing  sections,  250  wholesale  dealers 
in  cities,  records  and  observations  of  representatives  of  the  Federal 
market-news  service,  and  records  of  the  Delaware  State  Highway 
Department.  Summaries  of  preliminary  mimeographed  reports  are 
included. 

MOTOR-TRUCK  TRANSPORTATION  CLASSIFIED 

In  general,  the  territory  from  which  large  markets  draw  their 
motor-truck  receipts  can  be  conveniently  divided  into  two  areas. 
The  first  is  the  local  or  market-garden  area  extending  to  an  average 
distance  of  about  20  miles.  In  this  area,  which  has  been  considerably 
expanded  since  the  advent  of  the  motor  truck,  the  farmers  usually 
haul  their  products  in  their  own  trucks  to  farmers'  markets  in  the 
city,  and  production  is  intensive  both  as  to  crops  and  cultural 
methods. 

The  second  is  the  long-distance  trucking,  which  is  beyond  the  mar- 
ket-garden area.  Conditions  vary  somewhat  within  the  long-distance 
area.  From  the  inner  rim  of  this  area,  usually  about  20  miles  from 
the  city  market  to  about  75  miles  from  the  market  on  an  average, 
about  one-half  of  the  motor-truck  shipments  are  hauled  by  the  farm- 
ers themselves,  the  percentage  decreasing  as  the  distance  from  market 
increases.  Usually  part  of  motor-truck  shipments  originating  in 
this  area  are  sold  through  farmers'  markets  and  part  through  whole- 
sale or  jobbing  markets.  Beyond  an  average  distance  of  about  75 
miles  from  market,  truckmen  instead  of  farmers  haul  practically 
all  the  motor-truck  shipments.  Within  the  long-distance  trucking 
areas  may  be  included  commercial  producing  districts  which  ship 
by  rail  as  well  as  by  truck. 
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The  outer  rim  of  the  long-distance  area  is  arbitrarily  placed  at 
beyond  75  miles  as  an  average.  It  is  characterized  by  almost  exclu- 
sive hauling  by  truckmen  instead  of  farmers. 

To  facilitate  a  clear  discussion  of  the  subject,  truckmen  are  classi- 
fied in  this  study  as  follows: 

The  truckman  carrier  is  one  who  specializes  in  hauling  fruits  and 
vegetables  as  a  common  carrier.  A  subclass  is  the  general  truckman, 
or  drayman,  who  hauls  fruits  and  vegetables  occasionally  and  is 
available  for  odd-job  hauling. 

The  truckman  merchant  combines  the  business  of  transportation 
with  the  business  of  merchandising.  He  buys  from  the  producer  or 
country  dealer  and  sells  on  any  available  market.  He  frequently 
eliminates  both  the  country  shipper  and  city  wholesaler  by  buying 
from  the  farmer  and  selling  to  the  city  small  jobber  or  retailer.  He 
may  depend  more  for  profit  upon  speculation  or  merchandising  than 
upon  transportation.  In  many  sections  these  truckmen  merchants 
are  more  or  less  itinerant,  having  neither  regular  source  of  supply 
nor  regular  outlet.  In  some  sections  it  is  mostly  a  1-truck,  1-man 
business.  Individuals  engaged  in  this  kind  of  trade  are  locally 
called  "  truckers."  When  the  local  harvesting  season  is  over  some 
of  these  men  turn  to  hauling  from  one  market  to  another  to  take 
advantage  of  price  variations,  and  at  other  times  they  may  buy 
produce  on  the  market  and  peddle  to  the  small  cities  and  rural  dis- 
tricts, or  distribute  through  any  channels  of  trade  that  offer  profits. 
Some  shippers  have  developed  a  large  truckman-merchant  type  of 
business,  selling  by  wire  and  delivering  with  a  large  fleet  of  trucks. 
These  men  are  often  referred  to  as  "  motor-truck  jobbers."  A  sub- 
class of  this  group  is  the  merchant  who  operates  trucks,  such  as  the 
city  jobber  who  sends  trucks  into  the  country  for  supplies  and  the 
country  storekeeper  who  trucks  loads  of  fruits  and  vegetables  to 
market  as  he  goes  to  buy  merchandise. 

Throughout  this  bulletin  motor-truck  shipments  have  been  reduced 
to  car-lot  equivalents.  Part  cars  have  been  counted  as  full  cars 
when  equal  to  one-half  car  or  more  and  are  ignored  when  less  than 
one-half  car. 

QUANTITY  SHIPPED  BY  MOTOR  TRUCK  COMPARED  WITH  QUAN- 
TITY SHIPPED  BY  RAILROAD  AND  BOAT 

Estimates  for  2  States  and  parts  of  10  States  (Table  1)  show  that 
136,509  cars  of  fruits  and  vegetables  were  shipped  by  rail  and  boat 
as  compared  with  77,102  cars  shipped  by  motor  truck  for  one  compo- 
site year,  1928-29.  The  latter  figure  represents  long-distance  ship- 
ments with  the  exception  of  about  10,000  cars  of  market-garden 
produce  from  Long  Island. 
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Table  1. — Summary  of  railroad,  boat,  and  estim^ated  motor-truck  shipments  of 
fruits  and  vegetables  by  specified  States  or  sections  for  periods  indicated^ 


State  and  section 

Year  or  season 

Shipments  of  fruits 
and  vegetables  by- 

Per- 
centage 
shipped 
by  motor 
truck 

Rail  and 
boat 

Motor 
truck 

Connecticut _ 

1928 

Cars 

71 

4,430 

8,613 

2,198 

9,397 

1,273 

2,175 

2,820 

12,851 

44,244 

2,689 

6,418 

2,911 

204 

30, 832 

5,383 

Cars 

788 

3,118 

2,305 

1,298 

3,019 

392 

163 

7,601 

25, 948 

10,605 

5,429 

13,484 

655 

1,160 

1,054 

83 

92 

Delaware  _ . 

1928 

41 

Illinois,  southern 

1928  crop 

do 

21 

Indiana,  southern 

37 

Maryland,  Eastern  Shore .  . 

1928 

24 

Maryland,  western 

1928  crop 

1928 

24 

Massachusetts,  western 

7 

Michigan,  southwestern.  ... 

1929 

73 

New  Jersey,  central  and  southern.  

1928 

67 

New  York,  western.  ..  .  ...  .  ... 

1928  crop 

1928 

19 

New  York,  Hudson  Valley 

67 

New  York,  Long  Island    -..     . 

1929 

68 

Pennsylvania,  south-central 

1928  crop 

1928 

1928.  . 

1« 

Pennsylvania,  southeastern  ^ 

85 

Virginia,  Eastern  Shore 

3 

West  Virginia,  Cumberland-Shenandoah  Valley  region... 

1928  crop 

2 

Total  _ - 

136,  509 

77, 102 

36 

f  For  counties  included  under  States,  see  Tables  7  to  22.  All  motor-truck  figures  are  exclusive  of  market- 
garden  products  and  local  hauling  (less  than  20  miles),  except  on  Long  Island,  where  market-garden  prod- 
ucts account  for  about  75  per  cent  of  the  motor-truck  figure.  Delaware  and  Eastern  Shore  boat  shipments 
are  included  and  motor-truck  shipments  have  been  calculated  to  100  per  cent  from  the  80  per  cent  figure  in 
Tables  7,  8,  and  9. 

^  Mushrooms  only. 

Combining  estimated  motor-truck  shipments  and  actual  market 
receipts  by  motor  truck  as  covered  in  this  study  and  eliminating 
duplications,  it  was  found  that  179,677  cars  moved  by  rail  and  boat, 
as  compared  with  107,848  cars  moved  more  than  20  miles  by  truck 
from  the  same  areas,  or  that  38  per  cent  of  the  total  moved  by  truck. 
(Tables  1  and  3.) 

The  total  shipments  of  fruits  and  vegetables  by  rail  and  boat  in 
1929  for  the  United  States  were  1,068,745  cars.  It  is  believed  that 
between  150,000  and  200,000  cars  would  represent  approximately  the 
motor-truck  shipments  which  were  displacements,  in  effect,  of  rail 
and  boat  shipments.  Shipments  by  motor  truck  to  market  were  rela- 
tively unimportant  in  some  leading  producing  sections,  as  Maine, 
Florida,  Minnesota,  Idaho,  and  Washington. 

Truck  displacement  of  rail  and  boat  shipping  amounts  to  about 
12  to  16  per  cent  of  total  shipments,  but  on  a  mileage  basis  the  per- 
centage would  be  much  less  because  of  the  much  longer  average  haul 
by  railroad. 

The  relation  that  motor-truck  shipments  of  important  commodities 
bore  to  total  shipments  for  all  sections  included  in  the  study  are 
shown  in  Table  2  and  ranged  from  96  per  cent  for  spinach  to  12  per 
cent  for  cabbage. 
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Table  2. — Comparison  of  rail  and  toat  shipments  with  estimated  motor-truck 
shipments  of  important  fruits  and  vegetables  for  periods  and  sections  shown 
in  Table  1  ^ 


Commodity 


Spinach 

Beans,  string. 
Mushrooms.. 
Asparagus  2_ . 

Tomatoes 

Strawberries » 
Cantaloupes.. 

Grapes. 

Peaches 


Shipments  of  fruits 
and  vegetables  by — 


Rail  and 
boat 


Cars 

43 

191 

204 

214 

2,342 

2,744 

1,897 

5,093 

5,277 


Motor 
truck 


Cars 
1,028 
1,472 
1,160 
676 
4,217 
3,741 
1,790 
4,759 
3,988 


Percent- 
age 
shipped 
by  motor 
truck 


Commodity 


Carrots 

Celery 

Cucumbers... 

Potatoes 

Apples 

Lettuce 

Sweetpotatoes. 

Onions 

Cabbage 


Shipments  of  fruits 

and  vegetables  by — 

Rail  and 

Motor 

boat 

truck 

Cars 

Cars 

1,528 

989 

4,545 

1,782 

2,228 

743 

41, 702 

14, 219 

29,127 

9,437 

3,266 

882 

10,604 

2,439 

4,290 

973 

9,111 

1,219 

Percent- 
age 
shipped 
by  motor 
truck 


1  Exclusive  of  shipments  for  manufacture  and  market-garden  supplies,  with  tiie  exception  of  Long  Island, 
*  Includes  some  shipments  listed  in  Tables  7  to  22  as  "  Miscellaneous." 

These  figures  do  not  indicate  the  relative  volume  of  motor-truck 
shipments  to  total  shipments  by  commodities  for  the  United  States, 
but  do  show  the  adaptability  of  various  commodities  to  motor-truck 
shipping  in  areas  adjacent  to  large  consuming  markets. 

The  products  that  move  in  large  percentage  by  truck  are,  in  gen- 
eral, the  light,  highly  perishable,  or  more  valuable  ones  which  either 
take  a  high  rate  by  freight,  or  require  refrigeration  when  shipped 
by  rail,  or  have  a  low  minimum  car-lot  weight.  On  the  contrary, 
those  that  move  in  small  percentage  by  truck  are  the  heavy,  less- 
perishable,  or  low-rate  products. 

Other  factors  enter  into  the  question  affecting  the  percentage 
shipped  by  truck.  (1)  Distance  of  the  producing  area  from  impor- 
tant markets  makes  the  lettuce  percentage  only  21,  since  most  of  the 
lettuce  involved  is  grown  in  western  New  York  at  a  long  distance 
from  New  York  City  and  Philadelphia,  where  it  is  largely  used.  (2) 
Salability  in  volume  in  small  as  well  as  large  cities  makes  such  prod- 
ucts as  potatoes  and  apples  favorites  for  intermediate  hauls.  (3) 
Perishability  and  high  shipping  costs  by  rail  make  such  products  as 
grapes,  peaches,  and  berries  desirable  for  long-distance  distribution 
by  truck.  (4)  The  volume  of  production  causes  a  variation  in  per- 
centage distribution  by  truck.  The  satiation  point  of  consumptive 
demand  within  a  trucking  territory  for  a  given  product  may  require 
a  large  or  small  percentage  of  the  production,  according  to  the  size 
of  the  production  and  the  per  capita  consumption  of  the  product. 
Thus  in  the  areas  studied,  989  cars  of  carrots,  or  39  per  cent,  were 
shipped  by  truck,  as  compared  with  14,219  cars  of  potatoes,  or  25 
per  cent.  The  actual  quantity  of  potatoes  moved  by  truck  was  much 
greater  than  that  of  carrots,  but  the  percentage  was  smaller  because  of 
the  larger  quantity  of  potatoes  marketed. 

The  great  variation  of  percentage  shipments  by  truck  between  sec- 
tions is  illustrated  by  the  fact  that  in  Connecticut  it  was  estimated 
that  92  per  cent  of  the  fruits  and  vegetables  were  shipped  by  truck, 
and  in  the  Cumberland-Shenandoah  section  of  West  Virginia  only  2 
per  cent  went  to  consuming  markets  by  truck.     (Table  1.)     The 
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products  of  these  two  areas  are  similar.  The  difference  is  accounted 
for  by  relative  distance  from  consuming  centers,  which  is  a  factor  of 
great  importance  affecting  motor-truck  transportation.  On  the  other 
hand,  Delaware  shipped  41  per  cent  by  truck,  and  the  eastern  shore 
of  Virginia  only  3  per  cent.  In  this  case,  the  main  influence  is  the 
character  of  the  products  grown.  Of  the  immense  production  of  po- 
tatoes in  the  Virginia  section,  less  than  1  per  cent  moved  by  truck, 
whereas  the  berries,  fruit,  and  leafy  vegetables  of  Delaware  are  more 
adaptable  to  trucking. 

RECEIPTS  ON  CITY  MARKETS 

In  11  cities  for  which  records  or  estimates  were  available,  16  per 
cent  of  the  rail  and  truck  unloads  of  fruits  and  vegetables  from 
beyond  the  market-garden  area  was  received  by  truck,  or  306,315 
cars  by  rail  and  boat,  as  compared  with  56,414  cars  by  motor  truck. 
The  receipts  at  Buffalo,  Indianapolis,  Kochester,  Syracuse,  and  St. 
Louis  were  estimated  for  1928,  and  those  at  Boston,  Cincinnati, 
Denver,  Los  Angeles,  New  York,  and  Salt  Lake  City  were  recorded 
for  1929.  Daily  reports  from  receivers  in  the  latter  group  were 
tabulated.     (Tables  3  and  4.) 

For  the  group  including  Boston,  Cincinnati,  Denver,  Los  Angeles, 
New  York,  and  Salt  Lake  City  the  total  unloads  by  truck  were 
87,661  cars,  of  which  39,682  cars  were  from  the  market-garden  area, 
as  compared  with  47,979  cars  from  the  long-distance  areas.  From 
States  in  which  these  motor-truck  unloads  originated,  46,900  cars 
came  by  rail.  This  indicates  that  from  States  in  which  truck  re- 
ceipts originated,  65  per  cent  of  the  receipts,  including  local  hauls 
to  market,  came  by  motor  truck.  Since  parts  of  the  States  in  which 
motor-truck  receipts  originate  are  outside  the  motor-truck  area,  as 
western  New  York  with  respect  to  New  York  City  and  the  potato 
district  of  Colorado  with  respect  to  Denver,  the  actual  percentage 
movement  by  truck  within  the  motor-truck  area  would  be  somewhat 
higher  than  the  65  per  cent  indicated.  If  market-garden  areas  are 
included,  these  cities  received  24  per  cent  of  their  fruits  and  vege- 
tables by  truck.  Excluding  the  market-garden  area,  only  15  per 
cent  of  the  total  receipts  by  rail,  boat,  and  truck  came  by  truck. 
(Table  3.) 

In  the  group  of  cities  including  Buffalo,  Indianapolis,  Kochester, 
Syracuse,  and  St.  Louis,  8,435  cars  were  estimated  to  have  been 
received  by  truck  from  districts  which  under  former  conditions 
would  have  originated  rail  shipments  to  these  cities.  These  truck 
unloads  represented  80  per  cent  of  the  truck  and  rail  receipts  from 
beyond  the  market-garden  area  in  States  in  which  the  truck  unloads 
originated,  and  21  per  cent  of  all  receipts  exclusive  of  market-garden 
stock.     (Table  4.) 
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Table  3. — Comparison  of  motor  truch  unth  rail  and  l)Oat  unloads  of  fruits  and 
vegetables  at  six  representative  cities,  1929 


State  of  origin  of  truck 
unloads 

Truck 
unloads 

Car-lot  rail  and 

boat  unloads 

from— 

Relation  of 

truck  unloads 

to  total  unloads 

from— 

Estimated  truck 
unloads  from 

beyond  market- 
garden  area  1 

City 

States 
origi- 
nating 
truck 
unloads 

All 
sources  2 

States 
origi- 
nating 
truck 
unloads 

All 
sources  2 

Quan- 
tity 

Rela- 
tion to 
all  un- 
loads 
from 
beyond 
market- 
garden 
area 

Boston 

Massachusetts,     New 
Hampshire,     Vermont, 
Maine,  New  York,  New 
Jersey,       Connecticut, 
Maryland,       Virginia, 
Rhode  Island. 

Kentucky,  Ohio,  Indiana, 
Tennessee,  Michigan. 

Colorado 

Cars 
8,590 

3,012 

2,944 
34,351 

336,300 
2,464 

Cars 
1,811 

850 

1,627 
14, 112 

27,957 
543 

Cars 
44,728 

15,184 

6,074 
20,065 

186,288 
1,845 

Per  cent 
83 

78 

64 

71 

66 
82 

Per  cent 
16 

17 

33 
63 

16 

57 

Cars 
859 

740 

2,326 
26,448 

16, 374 
1,232 

Per  cent 
2 

Cincinnati 

5 

28 

Los  Angeles 

New  York 

Salt  Lake  Clty.. 

California,    Mexico,   Ari- 
zona. 

Connecticut,     Delaware, 
Maryland,  New  Jersey, 
New  York,  Massachu- 
setts,       Pennsylvania, 
North    Carolina,    Vir- 
ginia, Rhode  Island. 

Utah,  Nevada,  California, 
Idaho. 

57 

8 

40 

Total 

87,661 

46,900 

274, 184 

65 

24 

47,979 

15 

1  The  market-garden  area  is  considered  that  area  in  which  the  market-garden  type  of  farming  is  practiced 
and  from  which  transportation  would  be  by  wagon  if  trucks  were  not  available. 

2  Bananas  are  not  included  in  the  unloads. 

L  3  Includes  5,000  cars,  the  estimated  unloads  at  Harlem  market. 

Table  4. — Comparison  of  estimated-  long-distamce  motor-truch  with  rail  and 
boat  unloads  of  12  leading  fruits  and  vegetables  at  five  cities,  1928  ^ 


State  of  origin  of  truck  unloads 

Long- 
dis- 
tance 
truck 
unloads 

Car-lot  rail  and 
boat  unloads 
from— 

Relation  of 

truck  unloads 

to  total  unloads 

from— 

City 

States 
origi- 
nating 
truck 
unloads 

AU 
sources 

States 
origi- 
nating 
truck 
unloads 

All 
sources 

Buffalo 

New  York. 

Cars 
3,343 

266 
2,264 
1,715 

847 

Cars 

382 

255 

162 

76 

1,204 

Cars 
5,545 
7,035 
2,293 
1,659 

15,599 

Per  cent 
90 
51 
93 
96 
41 

Per  cent 
38 

Indianapolis.  _. 
Rochester 

Illinois,  Indiana,  Tennessee,  Michigan 

New  York- 

4 

50 

Syracuse.- 

St.  Louis  2 

do..-. 

Illinois,  Missovui,  Michigan,  Termessee... 

51 
5 

Total 

8,435 

2,079 

32, 131 

80 

21 

1  Market-garden  supplies,  those  which  would  be  marketed  by  wagon  if  trucks  were  unavailable,  are  not 
included.    The  market-garden  area  is  within  a  radius  of  15  to  25  miles  from  these  cities. 
2 18  leading  fruits  and  vegetables  are  included  in  the  figures  for  St.  Louis. 


8 


TECHNICAL  BULLETIN   2  72,  U.  S.  DEPT.  OF  AGRICULTURE 


TRADE  AND  OPERATING  PRACTICES  OF  TRUCKMEN 

FARMERS 

In  all  of  the  territory  studied  it  is  estimated  that  truckmen  car- 
riers handled  40  per  cent  of  the  motor-truck  movement,  truckmen 
merchants  40  per  cent,  and  farmers  20  per  cent,  exclusive  of  hauls 
of  less  than  20  miles.     (Table  5.) 

Table  5. — Size  and  ownership  of  trucks  lyy  farmers,  and  estimated  percentage 
of  the  fruit  and  vegetable  motor-trucTo  movement  hy  type  of  truckmen  for 
specified  areas,  1928-29  ^ 


Areai 


Connecticut... 

Delaware 

Indiana,  southern 

Illinois,  southern ..-. 

Maryland,  Eastern  Shore 

Michigan,  southwest --. 

New  Jersey- 

New  York,  Hudson  Valley 

New  York,  western 

New  York,  Long  Island  3 

Pennsylvania,  southeast  < 

Cumberland-Shenandoah  and  adjacent  sections  of 
West  Virginia,  Maryland,  and  Pennsylvania 

Weighted  average 


Percent- 
age of 
farmers 
owning 
trucks 


Average 
tonnage 
offarmers' 
trucks, 
manu- 
facturer's 
rating 


Tons 
1.98 
1.44 
1.12 
.87 
1.50 
1.50 
2.36 
1.34 
1.52 
2.84 
1.27 

1.17 


Percentage  of  trucking  done 
by- 


Truckmen 
merchants 


40 


Truckmen 
carriers 


100 

5 


40 


Farmers 


30 


20 


1  In  estimating  the  percentage  of  trucking:  performed  by  types  of  truckmen  and  by  farmers,  market- 
garden  transportation  and  hauling  to  local  shipping  points  and  canneries  were  eliminated  as  far  as  possible. 

2  Counties  included  in  these  areas  are  indicated  in  Tables  7  to  22,  except  that  certain  counties  considered 
to  be  mainly  in  the  market-garden  areas  have  been  eliminated. 

3  Suffolk  County. 

*  Chester  County.    Mushrooms  only. 

The  percentage  of  fruit  and  vegetable  farmers  owning  trucks 
varied  from  62  in  the  mushroom  district  of  Pennsylvania  to  96  in 
the  Cumberland- Shenandoah  region  of  West  Virginia,  Maryland, 
and  Pennsylvania.  It  was  observed  that  in  areas  in  which  truckmen 
carriers  and  truckmen  merchants  were  most  active,  a  low  percent- 
age of  trucks  was  owned  by  farmers  and  that  a  high  percentage 
was  owned  by  farmers  where  those  outlets  were  absent.  In  market- 
garden  areas  nearly  every  gardener  owned  a  truck.  The  relatively 
large  percentage  of  farmers  owning  trucks  in  New  Jersey  and  on 
Long  Island  is  largely  due  to  market-garden  activities. 

Of  those  who  owned  trucks  in  Illinois,  85  per  cent  stated  that 
the  trucks  were  for  farm  use  only ;  of  those  in  Indiana,  81  per  cent. 
In  western  New  York  13  per  cent  of  the  motor-truck  shipments  of 
fruits  and  vegetables  were  made  by  farmers  themselves,  but  these 
were  mainly  over  relatively  short  distances.  Aside  from  areas  w^ith- 
in  30  to  40  miles  from  a  city,  only  a  small  percentage  of  farmers 
who  own  trucks  used  them  to  haul  to  city  markets.  In  areas  of 
deficit  production,  as  in  Connecticut,  and  in  areas  in  which  con- 
suming centers  are  near  by,  as  in  New  Jersey,  the  volume  hauled 
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by  farmers  is  large.  In  West  Virginia  the  little  trucking  to  market 
is  largely  done  by  farmers  because  other  trucking  facilities  are 
generally  lacking. 

Some  growers  in  southern  Illinois  and  southern  Indiana  used  their 
own  trucks  to  supply  retailers  on  a  regular  route,  or  they  hauled 
to  city  markets.  As  a  rule,  they  preferred  to  have  truckmen  carriers 
do  the  hauling,  if  such  service  was  available.  Through  experience, 
many  growers  had  formed  the  opinion  that  it  does  not  pay  a  grower 
to  do  his  own  trucking  to  market.  Since  growers  are  busy  on  their 
farms  during  the  harvesting  seasons,  if  they  buy  a  truck  suitable 
for  transporting  to  market  they  must  hire  a  driver,  and  are  then 
confronted  with  the  problem  of  keeping  the  truck  busy. 

At  several  producing  centers  in  western  New  York,  producers  are 
engaged  in  long-distance  distribution  in  personally  owned  trucks, 
but,  in  general,  the  trend  is  toward  truckmen-merchant  operation. 
It  is  becoming  common  in  some  districts  of  western  New  York,  as  in 
parts  of  Ontario  and  Monroe  Counties,  for  farmers  to  make  trans- 
portation by  the  buyer  a  condition  of  sale.  In  many  instances 
farmers  also  insist  on  delivery  of  supplies  to  the  farm.  Several 
factors  have  led  to  this  development.  In  the  first  place  the  roads 
treated  with  tar  are  too  slippery  for  horses.  Tar-treated  roads  are 
rather  general  in  western  New  York.  Many  farmers  have  concluded 
that  it  does  not  pay  them  to  own  a  truck  for  a  few  weeks  of  hauling 
potatoes,  cabbage,  or  other  products  to  the  shipping  point,  and  for 
the  other  sporadic  hauling  they  may  have  to  do. 

Most  of  the  farmer-owned  trucks  in  the  southwestern  Michigan 
area  were  for  farm  use  only  or  for  hauling  to  the  Benton  Harbor 
market.  Some  farmers  picked  up  products  for  neighbors  and  took 
them  to  Benton  Harbor.  In  other  cases  truckman-carrier  companies 
operated  pick-up  trucks  to  farms.  Of  the  entire  distribution  by 
truck  in  Berrien  and  Van  Buren  Counties,  about  10  per  cent  was 
hauled  by  farmers.  This  movement  was  mostly  distributed  within 
50  to  75  miles,  to  South  Bend,  Gary,  and  Fort  Wayne,  Ind.,  and  to 
Kalamazoo,  Battle  Creek,  Jackson,  Lansing,  Grand  Rapids,  and 
near-by  small  cities  in  Michigan,  and  to  Chicago.  Farmers  and 
small  truckers  sell  to  retailers  or  on  public  markets,  as  a  rule, 
whereas  the  large  truckmen  merchants  and  truckmen  carriers 
transact  their  business  largely  through  jobbers  and  commission 
merchants. 

Farmers  within  40  miles  or  less  of  New  York  City  sell  more  than 
50  per  cent  of  their  production  on  the  farmers'  markets,  and  do  their 
own  transporting.  (Table  6.)  At  distances  from  41  to  100  miles, 
wholesale  merchants  are  the  leading  outlets,  although  some  selling 
to  retailers  and  on  farmers'  markets  is  practiced.  The  products  sold 
through  wholesale  merchants  on  the  New  York  markets  are  hauled 
largely  by  truckmen  carriers.  At  distances  of  more  than  100  miles 
the  motor-truck  movement  is  carried  on  predominately  by  truckmen 
and  goes  mainly  to  the  wholesale  merchants.  The  percentage  of 
total  production  moving  by  truck  in  this  area  varies  from  90  per 
cent  at  20  miles  to  83  per  cent  in  the  41  to  60  mile  belt,  and  76  per 
cent  in  the  belt  just  beyond  100  miles  from  New  York  City. 


10  TECHNICAL  BULLETIN   2  72,  U.  S.  DEPT.  OF  AGRICULTURE 


Table  6. — Method  of  sale  of  fruits  and  vegetahles  from  farms  supplying  New 
York  markets  related  to  distance  from  New  York,  1928  * 

Percentage  of  sales 

Distance  of  farms  from  New  York 

Through 

commission 

men 

At  farm- 
ers' mar- 
kets 

At  farms 

By  other 
methods 

1-5  miles                                              

0 

20.4 
34.6 
26.9 
46.5 
61.1 
82.6 

60.5 
53.0 
39.5 
52.1 
19.4 
6.5 
0.5 

5.5 
6.9 
11.7 
14.3 
19.8 
14.8 
7.3 

34.0 

6-10  miles 

19.7 

11-20  miles - 

14.2 

21-40  miles                                         

6.7 

41-60  miles 

14.3 

61-100  miles - 

17.6 

Over  100  miles- _                  

9.6 

1  Price,  B.  M.,  the  motor  truck  as  a  carrier  of  fruits  and  vegetables  to  greater  new  york. 
N.  J.  Agr.  Expt.  Sfa.  Bui.  503,  87  p.,  illus.    1930. 

In  the  motor-truck  area  tributary  to  New  York  City  the  average 
tonnage  per  truck  owned  by  farmers  was  2.1  tons,  with  an  average  of 
1.3  trucks  per  fruit  and  vegetable  farm,  in  1928.  Seventy-eight  per 
cent  of  the  growers  owned  trucks.  It  was  found  that  nearly  all  of 
the  market  gardeners  within  40  miles  of  the  city  owned  trucks,  many 
having  two  trucks,  but  as  the  distance  from  the  city  increased  not 
only  the  number  of  farmers  owning  trucks  declined  but  also  the  ton- 
nage per  grower  and  the  tonnage  per  truck  declined.  This  might  be 
expected  since  a  larger  truck  is  needed  for  transporting  to  city  mar- 
ket than  is  needed  tor  farm  use.  Although  most  of  the  trucks  (68 
per  cent)  used  in  this  area  came  in  the  1  to  2  ton  class,  there  were 
18  per  cent  in  the  3  to  8  ton  class.  The  size  of  trucks  used  to  trans- 
port fruits  and  vegetables  has  been  increasing  during  recent  years. 
From  central  and  southern  New  Jersey  and  from  Suffolk  County,  on 
Long  Island,  it  is  estimated  that  20  per  cent  of  the  truck  shipments 
were  shipped  by  farmers  and  in  the  Hudson  Valley  10  per  cent. 

TRUCKMEN  CARRIERS 

The  truckmen  carriers  who  handle  fruits  and  vegetables  usually 
specialize  in  these  products  and  devote  all  of  their  time  in  season  to 
them.  At  times  when  few  or  no  fruits  and  vegetables  are  available 
for  hauling  some  engage  in  hauling  other  products  and  others  store 
the  trucks. 

A  large  volume  of  production,  a  long  season,  and  the  existence  of 
large  consuming  centers  within  easy  trucking  distance  seem  to  be 
essential  to  successful  carrier-trucking  activity. 

In  southern  Indiana  and  southern  Illinois  there  were  no  large 
truckman-carrier  companies  that  specialized  in  fruits  and  vegetables. 
The  only  carrier  business  of  any  importance  carried  on  by  truckmen 
in  1928  was  the  movement  of  apples  from  Calhoun  County  to  St. 
Louis,  of  cucumbers  from  Terre  Haute  to  Indianapolis,  of  mixed 
vegetables  from  Terre  Haute  to  lake  cities,  of  canning  tomatoes  from 
"  truck  stations  "  to  factories,  a  small  portion  of  the  potatoes  from 
near-by  fields  into  St.  Louis,  and  apples  to  storage  and  to  cider  mills. 

A  noticeable  absence  of  truckmen-carrier  companies  in  the  fruit 
and  vegetable  business  was  apparent  in  western  New  York,  the  Cum- 
bel-land-Shenandoah  sections  of  Maryland,  West  Virginia,  and  Penn- 
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sylvania,  and  in  western  Massacliusetts.  Aside  from  the  hauling  by 
farmers,  the  truckmen  merchants  largely  occupy  the  field  in  these 
sections. 

Large  truckman-carrier  companies  acting  as  common  carriers  have 
developed  in  other  sections,  notably  on  Long  Island,  in  the  Hudson 
Valley,  in  New  Jersey,  in  the  mushroom  section  of  Pennsylvania,  and 
at  Benton  Harbor,  Mich.  On  the  Eastern  Shore  carrier  trucking 
predominates,  but  is  largely  conducted  by  operators  each  of  whom 
has  only  one  truck  although  occasionally  one  man  has  several  trucks. 

To  compare  truckman-carrier  rates  with  rail  or  boat  rates  the 
cartage  at  shipping  point  and  at  terminals  is  added  to  the  rail  or 
boat  rate.  On  this  basis  truck  charges  on  light  and  highly  perishable 
products  are  usually  lower  than  rail  or  boat  charges  up  to  about  30 
to  40  miles.  For  hauls  of  40  to  100  miles  the  truck  charges  are  about 
equal  to  or  slightly  higher  than  car-lot  rail  and  boat  charges.  Above 
100  miles  truck  charges  are  usually  considerably  higher  than  car-lot 
freight,  but  compare  favorably  with  express  or  less-than-car-lot 
freight  charges  up  to  several  hundred  miles.  At  greater  distances 
the  cost  by  truck  is  usually  considerably  higher. 

In  several  sections  of  the  New  York  City  motor-truck  area  a  few 
large  trucking  companies  have  announced  specific  rates  from  each 
locality.  ^  In  a  few  instances  several  companies  have  agreements 
whereby  interchange  of  trucks  is  practiced  in  heavy  hauling  seasons 
to  obtain  fullest  use  of  ec[uipment.  Some  large  associations  have 
entered  into  agreements  with  trucking  concerns  relative  to  truckage 
rates  for  a  season.  Eates  are  based  upon  packages,  and  include  farm 
pick-up  and  store-door  delivery.  At  Benton  Harbor,  Mich.,  and  in 
New  Jersey,  during  the  heavy  season,  carrier-trucking  companies 
rent  trucks  with  drivers  from  other  territories  or  hire  individuals 
with  trucks  either'  on  a  percentage  basis,  usually  90  per  cent  to  the 
truckmen,  or  at  a  flat  price  per  trip. 

A  factor  of  great  importance  in  economical  motor-truck  transpor- 
tation is  continuous  use  of  trucks.  Every  effort  is  made  by  successful 
truckmen  to  keep  their  trucks  operating  regularly  during  the  heavy 
producing  season.  Itinerant  truckmen  who  travel  from  one  produc- 
ing section  to  another  with  the  changing  seasons  are  a  result  of  efforts 
to  keep  the  trucks  in  operation.  Some  truckmen  in  a  fixed  location 
accomplished  the  desired  end  by  changing  to  general  hauling  during 
the  dull  season.  In  the  New  York  City  motor-truck  area  42  per  cent 
of  the  truckmen  interviewed  did  no  general  hauling,  their  trucks  re- 
maining idle  for  about  six  months,  more  or  less,  when  fruits  and 
vegetables  were  not  moving  in  quantity. 

Another  method  of  securing  the  fullest  usage  of  trucks  is  to  obtain 
a  return  load.  Many  carrier  truckmen  have  abandoned  efforts  of 
this  kind  because  such  hauling  interferes  with  their  service  to  fruit 
and  vegetable  growers,  since  so  much  delay  is  usually  entailed  in 
obtaining  these  return  loads  that  the  trucks  do  not  get  back  to  the 
shipping  point  in  time  for  the  next  market  trip.  Only  20  per  cent 
of  the  carrier  truckmen  interviewed  in  the  New  York  City  area 
attempted  to  secure  return  loads.  Some  wholesale  fruit  and  vege- 
table dealers  in  small  cities  have  combined  trucking  to  market  for 
growers  with  hauling  their  own  supplies  from  the  city  market.    The 
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highest  percentage  of  loads  on  return  trips  was  reported  by  one 
truckman  as  60  per  cent. 

No  effort  was  made  to  analyze  motor-truck  operations  by  cost 
accounting.  Little  or  no  cost  accounting  is  done  by  the  truckmen 
carriers.  On  the  basis  of  estimates  made  by  truckmen  it  would  seem 
that  the  load-mile  cost  varies  widely  from  a  low  of  about  30  cents  per 
load  mile  to  75  cents  or  higher  in  cases  in  which  the  motor  truck  goes 
empty  one  way.  If  there  is  a  return  load  this  load-mile  cost  may  be 
reduced  somewhat.  The  highest  load-mile  cost  usually  occurs  where 
trucks  are  given  the  least  constant  use.  Large  trucks  have  a  less  per 
ton  cost  than  small  trucks  for  hauls  of  considerable  distance. 

Estimates  indicate  that  in  Suffolk  County,  Long  Island,  60  per  cent 
of  the  motor-truck  shipment  of  fruits  and  vegetables  was  carried  by 
truckmen  carriers;  in  the  lower  Hudson  Valley  of  New  York,  57 
per  cent;  in  important  producing  counties  of  New  Jersey,  60  per 
cent;  in  the  mushroom  section  of  Pennsylvania,  100  per  cent;  and 
in  a  section  of  southwestern  Michigan,  35  per  cent.  This  contrasts 
with  10  per  cent  or  less  in  other  areas  studied.     (Table  5.) 

Itinerant  truckmen  follow  the  season  to  the  Eastern  Shore  area 
from  the  South,  but  since  the  local  carriers  are  given  preference,  it 
is  often  difficult  for  these  itinerants  to  get  a  load  unless  they  are 
known  to  shippers.  Some  of  these  act  as  truckmen  merchants,  buy- 
ing the  loads  they  handle,  but  they  are  at  a  disadvantage  in  selling 
loads  on  the  wholesale  markets  of  New  York  City  and  Philadelphia 
in  competition  with  regular  shippers. 

In  the  Eastern  Shore  area,  as  in  other  areas  of  small  unit  opera- 
tion, many  trucks  are  purchased  through  finance  companies,  and 
under  recent  conditions  many  trucks  have  been  turned  back  to  the 
companies  at  the  close  of  the  season.  Since  hauling  fruits  and  veg- 
etables is  a  seasonal  business,  truck  owners  without  other  resources 
find  it  difficult  to  keep  up  payments.  These  facts  contribute  to  a 
rather  unstable  condition  in  regard  to  personnel  and  hauling  rates. 
The  strong  competition  for  business  among  the  many  motor-truck 
owners  often  results  in  the  practice  of  cutting  truckage  rates.  The 
truck  owner  who  has  a  payment  on  his  truck  to  meet,  or  one  who  is 
assured  a  return  load,  makes  concessions  in  rates  to  get  a  load. 
Return  loads  are  not  common  in  the  Eastern  Shore  section. 

Two  men  usually  go  with  a  truck.  Delivery  in  New  York  City 
under  conditions  existing  in  1928  and  1929  was  made  between  10 
p.  m.  and  midnight  for  the  most  part,  and  this  was  the  period  of 
greatest  congestion  on  that  market;  this  congestion  is  exceedingly 
severe  in  the  season  of  heavy  motor-truck  receipts.  Time  spent  in 
reaching  the  dealer's  door  and  unloading  after  arriving  on  the  mar- 
ket averaged  2%  hours  per  truck  for  54  truckmen  at  one  period  in 
1928,  with  a  maximum  of  514  hours  spent  in  circling  the  squares 
trying  to  find  unloading  space,  and  in  waiting  because  of  traffic  jams.^ 
Part  of  the  reason  for  this  great  cost  in  time  is  found  in  the  many 
consignments  that  one  truck  may  carry.  It  may  take  the  consign- 
ments of  a  number  of  growers  to  mate  up  a  load,  and  each  may 
consign  to  a  different  dealer.  The  average  number  of  consignments 
to  different  dealers  on  a  load  was  found  to  be  3,  with  a  maximum  of 
30  in  the  case  of  Brussels  sprouts  and  60  in  the  case  of  mushrooms. 

iPBicB,  B.  M.     Op.  clt.     (See  footnote,  Table  Q.) 
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Practically  all  truckmen  carriers,  except  in  areas  of  very  recent 
development  in  this  means  of  transportation,  carry  cargo  insurance, 
which  protects  the  shippers  from  loss  due  to  accident  or  other  cause. 
Some  of  the  larger  truck  operators  in  the  New  York  motor-truck 
area  guarantee  the  delivery  of  the  shipment  at  the  market  at  a  certain 
time,  usually  for  the  market  opening,  or  at  a  specified  time  in  the 
early  morning.  If  late  delivery  results  in  lower  returns  to  the  ship- 
per, the  shipper  is  reimbursed  for  the  difference  between  the  early 
price  and  the  price  received. 

With  highly  perishable  fruits  and  vegetables,  dealers  report  that 
in  nearly  all  cases  truck  receipts  are  better  in  condition  than  rail 
receipts,  with  fewer  shortages  and  broken  packages.  This  is  partly 
because  of  personal  responsibility,  since  the  truckman  signs  for  the 
produce  when  he  loads  it,  and  immediately  becomes  personally  re- 
sponsible for  its  safe  delivery  until  he  receives  a  clearance  receipt 
from  the  city  dealer.  As  a  result  the  claims  are  few  and  are  com- 
monly settled  for  when  trucking  charges  are  paid  without  legal  re- 
course or  compromise.  The  truckman  carrier  serves  as  contact  man 
between  the  shipper  and  receiver,  keeping  each  informed  of  the 
others'  problems. 

Special  services  have  been  rendered  to  growers  by  truckmen  carriers 
in  the  New  York  City  motor-truck  area.  At  first,  farmers  were  re- 
quired to  bring  the  produce  to  a  loading  platform,  but  gradually  pick- 
up service  was  inaugurated  by  truckmen.  Where  competition  is  keen, 
the  pick-up  trucks  may  visit  a  grower  a  number  of  times  before  the ' 
shipment  is  ready.  Truckmen  have  been  known  even  to  help  tie  up 
bundles  and  pack  crates  in  order  to  expedite  departure.  The  de- 
parture is  delayed  as  long  as  possible  to  allow  growers  several  more 
hours  for  harvesting  than  would  be  possible  under  existing  rail- 
service  conditions. 

Commonly  the  grower  stacks  his  produce  along  the  road  or  at  an 
agreed  place  on  the  farm,  where  it  is  picked  up  by  the  truckman  with- 
out assistance  from  the  grower.  Late-evening  departure  in  places 
like  New  Jersey  permits  harvesting  to  be  done  after  the  dew  dries 
from  the  fields.  Except  where  daily  pick-up  is  practiced  the  truck- 
man seldom  has  knowledge  of  shipments  earlier  than  the  morning 
of  the  day  shipment  is  desired.  In  New  Jersey,  truckmen  often  pick 
up  empty  crates  at  the  city  market  and  return  them  to  the  grower, 
at  small  added  cost,  if  any. 

Since  anyone  with  small  capital  can  enter  the  trucking  business 
at  will,  it  is  often  hard  for  a  truckman-carrier  company  to  retain  a 
good  business  after  building  it.  Notably  in  the  mushroom  industry 
of  Chester  County,  Pa.,  the  leading  companies  stated  that  they  have 
bought  the  business  of  small  competitors,  only  to  find  that  each  year 
when  the  trade  is  heavy  others  enter  the  business.  The  newcomers 
were  said  to  cut  prices,  being  assured  profits  because  of  heavy  ship- 
ments. Later,  when  shipments  are  light  and  unprofitable,  the  regular 
concerns  are  expected  to  carry  on  at  a  loss. 

Many  of  the  trucking  companies  expressed  a  desire  to  have  legal 
regulation  of  the  trucking  business  as  to  rates,  liability,  service,  and 
franchise,  in  order  to  free  the  business  of  the  conditions  mentioned. 
The  division  among  a  relatively  large  number  of  truckmen  carriers 
of  the  volume  of  produce  to  be  hauled  at  a  given  point  has  sometimes 
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resulted  in  loss  for  all  the  truckmen  concerned  and  poor  service  to  the 
grower.  Truckmen  stated  that  most  carrier  trucking  of  fruits  and 
vegetables  has  been  carried  on  under  conditions  of  long  hours  and 
low  wages,  considering  the  entire  season. 

A  great  variety  of  laws  regulating  motor  transportation  have  been 
passed  by  the  various  States.  Many  of  these  were  enacted  for  the 
purpose  of  public  safety  and  the  proper  utilization  of  roads.  In  1930 
the  average  cost  of  State  registration  for  carrier  trucks  was  $268.68 
for  a  3-ton  truck  with  pneumatic  tires,  the  highest  being  $900  and 
the  lowest  $18,  according  to  the  1930  report  of  the  National  Automo- 
bile Chamber  of  Commerce.  In  the  past,  license-tax  difficulties  arose 
between  States  when  trucks  from  one  State  were  forced  to  pay  taxes 
in  neighboring  States  in  case  of  interstate  trade.  By  reciprocity  such 
difficulties  have  been  settled  in  a  number  of  instances.  In  a  few  cases 
special  operators'  licenses  are  required. 

Many  States  now  have  rigid  regulations  for  truck  hauling,  cover- 
ing tonnage,  equipment,  and  speed,  which  are  enforced  by  State 
police.  In  Michigan  and  Delaware  trucks  are  stopped  and  loads  are 
weighed  as  a  regular  practice. 

Among  the  objections  to  the  truck  as  a  carrier  are  the  delays  and 
accidents  due  to  sleet,  snow,  fog,  and  rain,  and  the  impassable  condi- 
tion of  some  roads  in  wet  weather  or  deep  snow.  The  use  of  old 
trucks  frequently  results  in  accidents  and  breakdowns.  Near  New 
York  City  motor  trucks  are  sometimes  delayed  at  railroad  crossings, 
and  congestion  on  roads  sometimes  slows  up  delivery  seriously. 

Truck  service  is  likely  to  be  available  to  shippers  only  at  those 
shipping  points  or  seasons  when  a  considerable  volume  of  produce 
is  available  for  shipping. 

Truckmen  have  had  to  overcome  much  trade  resistance.  Shippers 
were  accustomed  to  shipping  by  rail,  and  many  did  not  wish  to 
change.  The  large  shippers  and  receivers  frequently  found  that 
motor-truck  movements  tended  to  decrease  their  volume  of  business 
and  therefore  resisted  its  spread.  Market  men  found  that  truck 
shipments  arriving  at  all  hours  of  the  day  and  night  made  it  im- 
possible to  gauge  supplies  and  determine  prices.  Porters  and  sales- 
men have  to  remain  at  stores  longer,  and  it  is  difficult  to  clean  up 
supplies  promptly. 

TRUCKMEN   MERCHANTS 

Truckmen  merchants  operating  from  cities  are  a  development  from 
the  peddler  or  drayman.  Finding  a  poorly  served  market  in  small 
cities,  peddlers  began  to  buy  in  wholesale  produce  markets  and  to 
sell  in  the  hinterland.  In  time  they  reached  out  farther  and  farther, 
bought  larger  trucks  and  operated  not  only  from  central  markets  to 
surrounding  territory  but  from  producing  areas  to  central  markets. 
(Fig.  1.) 

In  some  producing  areas  some  growers  used  to  send  out  men  with 
truck  loads  of  produce  to  peddle  in  near-by  towns.  These  peddlers 
usually  worked  for  a  percentage.  In  time  many  of  them  bought 
trucks,  bought  produce,  and  sought  new  markets  farther  and  farther 
away ;  thus  they  became  jobbers. 

These  truckmen  merchants  in  such  territories  as  southern  Indiana, 
southern  Illinois,  western  New  York,  and  Michigan  usually  dis- 
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tribute  their  loads  to  markets  much  farther  away  than  do  truckmen 
carriers  who  haul  for  cartage  alone,  because  with  a  merchandising 
profit  added  to  transportation  income  they  are  able  to  cover  consid- 
erably more  distance  at  a  profit. 

The  whole  development  of  fruit  and  vegetable  truck  transporta- 
tion is  in  such  a  state  of  flux  that  it  is  difficult  to  analyze  the  trends. 
But  it  seems  true  that  in  large  cities  as  New  York  and  Philadelphia 
the  truckmen  merchants  are  making  small  progress,  whereas  in 
smaller  cities  and  in  rural  and  mining  areas  they  are  increasing  in 
importance. 

Truckmen  merchants  dominate  the  motor-truck  business  in  south- 
ern Indiana,  southern  Illinois,  and  western  New  York,  and  are  as 
important  as  truckmen  carriers  in  the  southwestern  Michigan  area. 

In  southern  Indiana  and  southern  Illinois  it  is  estimated  that  62 
per  cent  of  the  long-distance  truck  shipments  during  the  period 
studied  were  carried  by  truckmen  merchants.  Very  few  of  them 
have  a  place  of  business  other  than  their  residence,  and  much  of  the 
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FiGCEE  1. — A  portion  of  a  truckman-merchant  fleet  of  trucks  at  the  regional  motor- 
truck market  in  Benton  Harbor,  Mich. 

business  is  of  an  unorganized  nature — that  is,  is  done  without 
regular  connections. 

The  period  of  truck  movements  is  short  in  this  territory,  lasting 
from  four  to  six  months  in  the  peach  and  apple  districts.  At  a  few 
points  where  cold  storage  for  apples,  or  storage  houses  for  sweet- 
potatoes  are  available  the  period  is  extended  several  months.  Some 
of  the  truckmen  merchants  start  in  southern  Illinois  with  strawber- 
ries and  asparagus  in  May  and  June  and  continue  with  summer 
apples  and  peaches  in  July  and  August;  then  they  move  to  other 
districts  for  melons  and  other  products  to  fill  the  slack  periods,  and 
haul  apples  throughout  the  fall.  Thus  they  are  busy  for  eight 
months  of  the  year.  But  the  great  majority  are  local  people  who 
haul  for  only  a  few  weeks  or  months. 

In  western  New  York  85  per  cent  of  the  truck  shipments,  exclud- 
ing those  trucked  to  local  canneries  or  storage  plants,  are  moved  by 
truckmen  merchants,  mostly  sold  on  farmers'  markets,  to  retailers, 
and  to  jobbers,  although  some  sell  to  consumers  and  some  to  whole- 
salers, especially  in  Buffalo. 

Most  of  these  "  truckers  "  make  the  merchandising  and  hauling  of 
fruits  and  vegetables  their  main  or  sole  business.     Many  of  them 
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have  little  financial  responsibility  and  prefer  to  handle  a  cheap  or 
low-grade  product.  It  is  generally  a  1-man  business,  without  regular 
connections,  system,  or  place  of  business. 

In  Wayne  County  several  truckmen  merchants  have  prospered  to 
such  an  extent  as  to  have  'good  financial  ratings.  Their  practice  is 
to  buy  whole  crops  of  fruits  and  vegetables,  which  they  place  in 
storage  to  furnish  supplies  for  practically  a  year-around  trucking 
business. 

Most  country  dealers  have  no  dealings  with  small  truckmen  mer- 
chants in  western  New  York  and  do  not  make  use  of  the  truck  as  a 
means  of  transportation,  but  some  are  selling  their  low-grade  prod- 
ucts and  odd  lots  to  "truckers,"  and  a  few  country  shippers  have 
adopted  the  motor  truck  as  a  means  of  delivery  on  wire  or  contract 
orders  to  dealers  in  the  various  markets  in  western  New  York. 

A  unique  development  in  trucking  has  occurred  at  Buffalo  in  the 
form  of  the  commission  truckman  merchant.  This  man  takes  the 
produce  from  the  grower  and  sells  it  on  commission.  He  includes 
cartage  with  commission,  charging  25  cents  a  bushel  on  most  items 
on  hauls  of  about  35  miles.  These  commission  truckmen  constitute 
a  small  group ;  the  members  are  usually  local  truclanen  who  are  well 
known  to  the  growers  and  have  established  records  of  honesty,  integ- 
rity, and  responsibility. 

At  Kochester  "  runners,"  who  scour  the  city  for  orders  for  truck 
loads  of  produce,  supplement  the  truckmen  merchants,  placing  the 
produce  for  a  commission.  This  practice  is  not  as  common  as  it  was 
formerly. 

Some  wholesalers  in  Rochester  and  Buffalo  have  made  a  practice  of 
sending  trucks  and  buyers  into  the  country  for  supplies  of  celery, 
onions,  pears,  apples,  and  other  products,  which  they  sometimes  put 
in  cold  storage  in  the  country  and  truck  in  as  needed. 

The  largest  shipping-point  concerns  engaged  in  truckman-merchant 
operations  are  at  Benton  Harbor,  Mich.,  where  some  of  the  old  ship- 
pers have  reorganized  their  business,  combining  transportation  with 
merchandising.  Their  usual  practice  is  to  sell  truck  loads  by  wire 
for  the  next  morning  delivery  in  any  city  within  200  or  300  miles 
and  deliver  with  personally  owned  trucks  or  trucks  hired  with  the 
owner  as  driver.  In  some  cases  they  have  contracts  with  chain 
stores  to  supply  a  string  of  these  stores.  In  other  cases  they  consign 
to  commission  merchants  in  Chicago  or  Detroit.  Some  of  the  buyers 
for  wholesale  merchants  deliver  by  truck. 

As  many  as  50  "  truckers  "  operate  from  the  Benton  Harbor  com- 
munity in  one  day  at  the  height  of  the  season.  In  some  cases  they 
have  a  local  dealer  buy  their  load  on  the  market,  but  most  of  them 
buy  directly  on  the  market  or  go  to  the  associations  or  farms  to  make 
purchases.  Some  operate  to  Chicago,  peddling  to  retailers  or 
consumers. 

Other  truckmen  merchants  sell  to  consumers  and  retailers  in  the 
smaller  cities  at  some  distance,  particularly  through  Indiana  and  Illi- 
nois. Some  move  with  the  seasons  and  haul  from  the  various  pro- 
ducing areas  from  Kentucky  to  northern  Michi|?an,  in  some  cases 
keeping  busy  with  fruits  and  vegetables  from  April  to  December,  and 
occasional!}^  having  hauls  both  ways.  Some  supply  one  market,  as 
Grand  Rapids,  and  others  try  to  sell  in  any  available  market. 
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"  Truckers  "  can,  and  usually  do,  top  the  market  and  force  local 
shippers  to  pay  all  the  market  conditions  will  stand.  Most  of  the 
small  "  truckers  "  complain  of  making  a  poor  income,  and  do  not  con- 
template an  expansion  of  their  activities. 

From  the  viewpoint  of  the  farmer,  the  truckman  merchant  saves 
the  haul  to  the  local  shipping  point  in  buying  at  the  farm,  eliminates 
the  risk  of  shipping  in  paying  cash,  frequently  pays  more  and  usu- 
ally as  much  as  the  shipping-point  price,  and  may  furnish  sacks  or 
packages  in  which  to  pack  the  products.  Sometimes  the  trucker 
harvests  what  he  buys.  Products  that  were  formerly  unsalable  such 
as  soft-ripe  peaches  find  an  outlet  through  the  truckman  merchant, 
who  frequently  pays  as  much  for  United  States  No.  2  and  soft-ripe 
peaches  as  is  obtained  for  United  States  No.  1  grade  in  shipping  to 
some  distant  city  through  the  usual  channels.  Strawberries  picked 
after  a  rain,  odd  varieties  of  apples,  and  second-grade  products  are 
usually  merchandised  better  by  truckmen  merchants  than  by  dealers 
in  city  markets.  During  periods  of  heavy  supplies,  when  prices  ob- 
tained on  city  markets  do  not  cover  the  expense  of  packing  and  ship- 
ping, the  truckers  afford  a  limited  market  and  some  cash  returns. 

From  the  viewpoint  of  the  consumer  in  small  cities  the  truckman 
merchant  hauls  direct  from  producing  areas,  eliminating  the  old  cir- 
cuitous route  by  which  the  fruit  went  to  a  central  market  from  which 
it  was  jobbed  to  the  smaller  places.  This  direct  distribution  may 
result  in  cheaper  prices  and  fresher,  less  bruised  products. 

Outstanding  progress  has  been  attained  in  merchandising  vege- 
tables by  truck  by  a  cooperative  at  Terre  Haute,  which  uses  the  Fed- 
eral-State inspection  service  for  truck  shipments.  They  sell  by  wire 
to  lake  cities  and  Indianapolis  for  next  morning  delivery  by  truck, 
and  have  made  progress  toward  achieving  assured  supply,  reliability 
in  pack,  service  in  delivery,  and  regular  outlets. 

As  in  the  case  of  most  new  enterprises  there  have  been  many  fail- 
ures and  many  unscrupulous  individuals  in  the  business  of  jobbing 
by  motor  truck.  At  first  the  "  wooden  check  "  was  a  favorite  way  to 
defraud  the  grower  or  shipper.  The  dishonest  "  trucker  "  sought  to 
gain  confidence  by  trading  with  a  grower  for  some  time  on  a  cash 
basis  and  then  through  a  ruse  he  would  secure  a  load  on  credit  and 
would  fail  to  make  payment.  Another  common  fraud  was  to  con- 
tract for  an  entire  crop,  putting  up  a  small  deposit.  If  prices  went 
down  the  "  trucker  "  would  disappear. 

A  common  practice  in  attempting  to  defraud  the  buyer  was  to  make 
a  false  pack,  or  sell  on  the  basis  of  hi^h-grade  samples,  with  the 
remainder  merely  faced  with  good  quality.  Cull  products  such  as 
windfall  apples  and  .dropped  peaches  were  distributed. 

Many  "  truckers  "  have  been  inexperienced  as  merchants.  In  going 
to  a  farmer  the  novice  was  at  a  disadvantage  in  bargaining  and  often 
paid  too  much,  and  again  in  selling  he  was  frequently  the  prey  of 
more  sagacious  traders.  In  northern  Pennsylvania  "  truckers  "  some- 
times converged  on  the  small  cities  in  large  numbers  with  grapes 
and  produce  from  the  Chautauqua  belt.  Dealers  found  that  they  lost 
by  buying  at  the  market  price  from  the  first  "trucker"  who  came 
along,  for  later  in  the  day  other  truckmen  who  had  become  discour- 
aged in  driving  from  town  to  town  looking  for  buyers  would  sell  at  a 
68925*'— 31 2 
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sacrifice.  Such  conditions  may  not  only  result  in  loss  to  the  un- 
sophisticated "  trucker  "  but  may  unsettle  the  trade  and  may  react  on 
prices  in  other  markets. 

Some  of  the  most  frequent  criticisms  of  the  truckman-merchant 
trade  are  that  it  is  irregular  and  unreliable.  Heavy  "  trucker  "  de- 
mand at  a  given  producing  point  one  season  may  largely  disappear 
by  another  season.  Then,  again,  the  price  bickering  and  time  re- 
quired to  attempt  to  sell  to  the  numerous  "  truckers  "  with  limited 
needs  is  objectionable.  These  troubles  are  largely  eliminated  by  the 
regional  motor-truck  jobbing  market,  where  many  growers  with 
produce  meet  many  truck  buyers. 

The  freight  rate  on  potatoes  is  relatively  low.  It  usually  costs 
less  to  ship  potatoes  more  than  20  miles  by  rail  than  by  truck.  Yet 
5,399  cars  were  hauled  by  truck  in  western  New  York  in  1928-29. 
Nearly  all  of  these  were  handled  by  truckmen  merchants,  some  as  far 
as  75  to  110  miles.  Obviously  much  of  this  is  poor  business  unless 
they  are  bought  at  less  than  their  value  in  the  country,  which  seldom 
occurs  nowadays.  The  "  trucker  "  hauling  such  distances  would  prob- 
ably do  better  to  ship  by  rail  to  his  market  and  job  by  truck  from 
the  car  door. 

ECONOMIC  ASPECTS   OF   SHIPPING   BY  TRUCK  IN  MARKETING 
FRUITS  AND  VEGETABLES 

EFFECT  UPON  DISTRIBUTION 

The  use  of  the  truck  for  shipments  direct  from  commercial  pro- 
ducing areas  to  small  consuming  centers  has  been  an  important  in- 
fluence in  increasing  consumption  in  rural  and  mining  sections  and 
small  cities.  Because  of  the  directness  of  much  of  the  truck  move- 
ment and  the  shorter  time  required,  those  small  consuming  points 
which  formerly  depended  upon  1.  c.  1.  and  express  shipments  from  a 
larger  city  now  generally  receive  produce  in  better  condition,  and 
not  infrequently  with  less  cost  of  distribution  for  relatively  short  dis- 
tances. In  so  far  as  highly  perishable  fruits  and  vegetables  arrive 
at  large  city  markets  in  better  condition,  which  is  commonly  true 
with  highly  perishable  products,  the  trade  in  such  fresh  products  is 
improved. 

A  considerable  part  of  the  production  of  commercial  orchards  of 
apples,  peaches,  and  pears  is  composed  of  stock  that  would  not 
classify  as  United  States  No.  1  grade.  The  same  may  be  said  of  other 
cfops  as  potatoes,  cantaloupes,  carrots,  and  sweetpotatoes.  The  'truck- 
men merchants  have  found  a  large  outlet  for  stock  other  than  culls 
but  below  United  States  No.  1  grade  in  rural  and  mining  sections, 
and  a  market  has  been  opened  for  products  too  ripe  to  ship  by  rail. 
Trucking  activities  are  more  than  ordinarily  successful  on  first  har- 
vestings of  the  various  commodities  when  prices  are  high,  because  it 
is  difficult  to  secure  full  carloads. 

There  is  much  difference  of  opinion  as  to  the  advisability  of  dis- 
tributing cull  produce.  Some  growers  market  all  their  products  as 
orchard  run  or  field  run  since  buying  by  "  truckers  "  has  developed, 
and  some  pay  less  attention  to  spraying  and  other  practices  necessary 
to  quality  production.  Among  the  most  successful  growers  the  opin- 
ion prevails  that  the  distribution  of  some  low-grade  products  in  small 
markets  is  highly  desirable  but  that  culls  should  be'kept  on  the  farm. 


MARKETING  FRUITS  AND  VEGETABLES  BY  MOTOR  TRUCK  19 

Truck  movement  of  peaches  from  some  districts  has  been  acceler- 
ated by  the  presence  of  the  Oriental  fruit  moth  which  causes  heavy 
rejections  in  rail  shipments.  In  some  cases  the  motor  truck  has  been 
used  to  ship  peaches  infected  with  brown  rot  to  market  because  the 
quicker  movement  by  truck  permits  the  peaches  to  be  sold  before 
decay  is  apparent. 

In  the  larger  cities  most  of  the  long-distance  motor-truck  receipts 
are  sold  on  commission.  In  cities  of  medium  size  the  wholesale  deal- 
ers buy  little  or  nothing  from  motor-truck  jobbers;  yet  the  trucked 
products  almost  entirely  displace  their  business  in  near-by  products 
during  the  local  season  of  production.  Most  of  the  wholesale  fruit 
and  vegetable  dealers  in  southern  Indiana,  southern  Illinois,  and 
western  New  York  stated  that  the  products  handled  by  truckmen 
merchants  were  below  the  standard  of  quality  that  they  were  able 
to  merchandise  satisfactorily,  and  that  truckmen  merchants  were 
often  not  reliable.  In  these  sections  the  itinerant  truckmen  mer- 
chants prefer  to  go  direct  to  retailers,  and  retailers  seem  to  like 
to  buy  from  them,  although  they  can  seldom  secure  adjustments  if 
inferior  products  are  obtained.  In  sections  in  which  jobbing  by 
truck  is  older,  as  at  Benton  Harbor  and  Baltimore,  the  large  truck- 
men merchants  prefer  to  sell  to  jobbers,  and  the  objections  as  to 
quality  have  largely  been  eliminated. 

In  areas  new  to  motor-truck  jobbing  the  cooperatives  and  large 
distributors  do  not  make  use  of  the  truck  outlet  as  a  rule.  But  in 
those  sections  in  which  long-distance  trucking  has  been  practiced  for 
some  years,  some  distributors  and  cooperatives  are  making  large  use 
of  the  truck  for  distribution. 

The  main  volume  of  motor-truck  movements  is  not  to  large  city 
markets  but  to  rural  and  mining  districts  and  to  secondary  cities,  in 
all  the  areas  studied  except  on  the  Atlantic  seaboard  and  in  Berrien 
County,  Mich. 

The  tendency  in  western  New  York  has  been  to  decrease  rail  ship- 
ments somewhat  to  large  city  markets,  as  New  York,  Boston,  and 
Philadelphia,  in  favor  of  greater  motor-truck  distribution  to  markets 
in  western  and  northern  New  York,  and  to  adjacent  consuming  terri- 
tory in  Pennsylvania,  Ohio,  and  Canada. 

The  unloads  of  16  commodities  at  Chicago  from  Michigan  by  rail 
for  certain  years  were  as  follows :  In  1924,  4,473  cars ;  in  1925,  4,534 
cars;  in  1928,  2,380  cars;  and  in  1929,  2,245  cars. 

It  is  seen  that  rail  receipts  at  Chicago  from  Michigan  were  much 
less  in  1928  and  1929  than  in  1924  and  1925.  This  decline  in  rail 
receipts  is  partly  attributed  to  motor-truck  shipments  to  Chicago  and 
partly  to  motor-truck  shipments  direct  from  Michigan  to  smaller 
cities  that  were  formerly  supplied  largely  by  redistribution  from 
Chicago. 

Motor-truck  shipments  from  Berrien  County  to  Chicago  were 
large  in  1925.  Chicago  received  56  per  cent  of  the  motor-truck  ship- 
ments from  Berrien  and  Van  Buren  Counties  in  1929.  Before  the 
use  of  the  truck,  it  is  said  by  old  shippers,  Chicago  received  a  much 
larger  percentage  of  the  shipments,  reshipping  much  of  it  to  other 
cities  in  its  trade  territory. 

Along  with  the  rise  in  truck  movements,  motor-truck  jobbing  mar- 
kets have  developed  in  certain  cities,  notably  in  Syracuse,  Baltimore, 
New  Haven,  Albany,  Chicago,  and  Salt  Lake  City. 
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EFFECT  UPON  PRODUCTION 

Motor-truck  transportation  may  change  quantity  or  kind  of  pro- 
duction in  certain  areas.  Already  some  effects  are  seen.  Some 
market  gardeners  have  sold  high-priced  land  near  large  cities  and 
moved  out  where  land  was  cheaper.  In  some  cases  they  continued 
the  methods  previously  employed,  but  more  often  they  became  truck 
farmers,  growing  larger  acreages  with  less  diversification,  and  devot- 
ing their  time  to  production.  Some  growers  near  Brooklyn,  for 
instance,  moved  to  the  eastern  end  of  Long  Island,  and  a  few 
gardeners  near  Boston  have  moved  to  the  Connecticut  Valley.  Some 
New  Jersey  market  gardeners  moved  from  near  New  York  City  and 
Philadelphia  to  southern  New  Jersey. 

Growers  living  remote  from  rail  stations  were  formerly  unable 
to  engage  in  the  commercial  production  of  highly  perishable  prod- 
ucts, usually  because  of  difficulties  in  getting  them  to  market.  Now 
these  farmers,  if  they  are  near  an  improved  highway,  may  be  as 
advantageously  situated  as  those  near  shipping  points.  The  soil 
may  be  better  adapted,  and  the  land  may  be  cheaper. 

Motor-truck  shipping  gives  the  prod.ucing  areas  extending  from 
the  Carolinas  to  New  Jersey  an  added  advantage  over  the  Missis- 
sippi Valley  in  highly  perishable  items  like  berries,  beans,  and  peas. 
Rapid  movement  and  other  advantages  of  shipments  by  truck  are 
tending  to  restrict  the  midseason  source  of  supply  of  certain  items 
in  Atlantic  seaboard  cities  to  areas  within  long-distance  trucking 
radius.  Likewise  the  grower  who  lives  from  20  to  100  miles  from 
a  given  market  has  an  advantage  over  the  grower  who  lives  farther 
away,  other  things  being  the  same.  Potato  growing  is  increasing 
within  this  distance  of  Buffalo  and  Rochester,  while  declining  in 
some  more  remote  places  in  western  New  York. 

In  southern  Indiana  and  southern  Illinois  the  use  of  the  truck 
has  made  peach  growing  more  profitable  because  of  the  ready  sale 
for  "  ripes,"  and  fruit  of  inferior  quality.  Sometimes  the  best- 
quality  fruit  sells  at  a  higher  price  at  the  farm  than  at  some  dis- 
tant market.  Increased  plantings  of  peaches,  attributed  to  the  use 
of  the  truck,  were  reported  at  Anna,  Centralia,  and  Olney,  111.,  and 
Oaktown,  Vincennes,  and  Mount  Vernon,  Ind. 

Increased  profits  due  to  sales  to  truckmen  and  a  resulting  tendency 
to  increase  apple  production  were  reported  at  Laurel,  Orleans,  and 
Oaktown,  Ind.,  and  Olney,  Flora,  Anna,  Centralia,  and  Quincy,  111. 
Similar  influence  was  observed  in  apple  production  in  the  Hudson 
Valley  and  in  Connecticut. 

New  production  directly  attributed  to  the  use  of  the  motor  truck 
includes  early  tomatoes  and  small  fruits  in  the  Vincennes  district  and 
at  Brownstown,  Ind.  A  tendency  to  increase  strawberry  production 
in  the  Egypt  district  of  Illinois  and  strawberries  and  tomatoes  in 
Ulster  County,  N.  Y.,  was  attributed  to  truck  service. 

The  important  production  of  mixed  vegetables  near  Terre  Haute 
was  said  to  have  increased  because  of  the  extensive  use  of  the  motor 
truck  in  supplying  distant  markets. 

On  the  other  hand,  such  gains  are  partly  at  the  expense  of  com- 
peting growing  areas  farther  removed  by  road  from  the  consuming 
markets. 
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The  use  of  the  motor  truck  has  had  little  effect  on  the  volume  or 
kind  of  production  in  western  New  York  as  yet,  except  to  encourage 
potato  growing  within  easy  trucking  distance  of  the  large  cities.  It 
has  made  available  to  the  southern  part  of  the  Finger  Lakes  district 
new  and  good  market  outlets  in  north-central  Pennsylvania  and 
along  the  southern  border  of  New  York  State. 

In  Berrien  County,  Mich.,  the  acreages  of  berries  and  peaches  have 
been  increasing  rapidly  during  recent  years,  partly  at  least  because 
of  the  improved  outlet  prevailing  as  a  result  of  the  use  of  the  truck. 

Overnight  delivery  of  berries  by  truck  as  far  as  300  miles  has 
greatly  increased  the  outlet  and  often  improved  the  returns  to  the 
growers. 

More  cantaloupes  and  tomatoes  are  being  grown  in  Berrien  County 
because  of  the  outlet  through  roadside  stands  and  to  "  truckers." 

Early  apples  are  less  profitable  and  production  is  decreasing 
because  of  the  competition  from  southern  Indiana  and  southern 
Illinois.  The  superior  second  early  varieties  from  these  sections  are 
being  trucked  north  when  the  earliest  Michigan  apples  are  ready  for 
market,  which  makes  northern  Michigan  about  the  only  outlet  by 
motor  truck  for  the  early  Michigan  apples. 

Selling  at  the  farm  has  greatly  increased  during  recent  years  as  a 
result  of  buying  by  truckers  and  motorists  in  all  areas  except  those 
very  close  to  cities  and  those  very  remote  from  consuming  areas. 

EFFECT  UPON  TRANSPORTATION 

In  general,  service  on  main-line  railroads  has  remained  as  good  as 
before  or  has  improved  in  the  face  of  motor-truck  shipping,  but 
electric  lines,  boat  lines  on  short  inland  routes,  branch  railroads,  and 
small  shipping  points  have  suffered  loss  of  business. 

An  electric  line  that  formerly  served  the  fruit  and  vegetable 
interests  of  southwest  Michigan  has  been  torn  up ;  the  boat  lines  to 
Chicago  and  some  branch-line  railroads  have  all  but  discontinued 
service  in  this  area  as  the  result  of  motor-vehicle  traffic. 

Some  of  the  advantages  cited  by  shippers  who  use  railroad  trans- 
portation is  that  it  is  cheaper  for  long  hauls  and  that  best  markets 
often  lie  at  too  great  a  distance  for  truck  transportation.  The  rail- 
roads give  continuous  service  in  all  kind  of  weather  and  all  seasons, 
whereas  truckmen-merchant  trade  is  irregular.  Eailroads  afford 
refrigerator  service,  which  is  important  when  markets  are  so  dull 
that  the  products  must  be  held  several  days  before  being  sold. 
Advance  reports  at  markets  of  rail  movements  tend  to  avoid  the 
overloading  of  some  markets  while  others  are  undersupplied. 

REGIONAL    MOTOR-TRUCK    MARKETS 

Benton  Harbor,  Mich.,  has  long  been  an  important  shipping  point, 
but  during  recent  years  a  profound  change  has  occurred.  Growers 
in  the  immediate  community  formerly  sold  more  or  less  of  their 
produce  to  shippers  from  a  street-and-open-lot  market  in  Benton 
Harbor.  Since  the  rise  of  truck  shipping  a  newly  built  market  has 
become  a  concentration  point  for  a  whole  region,  and  the  terminus 
for  truckman-merchant  and  truckman-carrier  operations  with  a 
400-mile  radius. 


22  TECHNICAL  BULLETIN  2  72,  U.  S.  DEPT.  OF  AGRICULTUKE 

It  is  estimated  that  50  per  cent  of  the  motor-truck  shipments  of 
fruits  and  vegetables  from  Berrien  County  in  1929  went  through 
the  Benton  Harbor  market,  ranging  from  85  per  cent  in  the  area 
immediately  adjacent  to  Benton  Harbor  to  10  per  cent  at  Buchanan 
and  Mies  (25  miles  south).  In  Van  Buren  County  3  per  cent  of 
the  commercial  production  of  fruits  and  vegetables  was  estimated 
to  have  passed  through  the  Benton  Harbor  market.  In  addition, 
occasional  truck  loads  of  peaches,  plums,  and  apples  are  hauled  from 
Allegan  County,  apples  from  Kent  County,  cherries  from  Oceanic 
and  Grand  Traverse  Counties,  Mich.,  and  celery  from  Kalamazoo 
County  (largely  for  local  use),  hothouse  tomatoes  from  the  Terre 
Haute  and  Indianapolis  areas,  field  tomatoes  from  Bloomington, 
Ind.,  and  cantaloupes  from  Knox  County  and  northern  Indiana.  A 
few  peaches  came  from  Kentucky,  and  a  moving  van  returned  from 
Georgia  with  a  truck  load  of  sweetpotatoes.  In  1930  some  early 
apples  were  trucked  400  miles  to  this  market  from  New  Burnside, 
southern  Illinois. 

Michigan  truckmen  sell  loads  of  produce  in  Indiana  and  Illinois, 
and  if  products  are  available  they  buy  a  load  to  bring  back  to  the 
regional  market  at  Benton  Harbor  rather  than  go  to  some  large 
city.  Likewise  southern  Indiana  and  southern  Illinois  "truckers" 
may  occasionally  bring  loads  to  the  Benton  Harbor  market  and  buy 
Michigan  products  to  take  back. 

As  Table  23  shows,  larger  quantities  of  fruits  and  vegetables  are 
redistributed  by  motor  truck  from  Benton  Harbor  market  over 
longer  distances  and  in  greater  volume  to  large  cities  than  are 
shipped  from  the  remainder  of  Berrien  County  and  from  Van 
Buren  County.  This  is  because  agents  of  wholesale  firms  and  large 
shippers  operating  through  truckmen  carriers  and  shippers  turned 
truckmen  merchants  on  a  large  scale,  dominate  the  market.  They 
distribute  through  wholesalers  and  jobbers,  whereas  the  small  truck- 
man merchant  distributes  through  retailers,  and  often  seeks  the 
smaller  cities  and  villages  where  prices  are  often  highest. 

Estimates  indicate  that  25  per  cent  of  the  motor-truck  shipments 
from  the  market  are  carried  by  truckmen  merchants  of  the  small 
type,  as  against  50  per  cent  carried  by  truckmen  carriers  hauling  for 
shippers  and  25  per  cent  carried  by  shippers  in  their  own  trucks  and 
contracted  trucks.  This  predominance  of  the  regular  shipper  in  the 
truck  movement  is  unusual  and  denotes  unique  progress  in  motor- 
truck distribution. 

Motor-truck  shippers  buy  nearly  all  of  their  produce  for  cash  on 
the  open  market  from  farmers,  with  the  exception  of  grapes,  apples, 
and  cantaloupes,  a  part  of  which  are  bought  at  the  farms. 

The  creation  of  such  a  regional  market  for  redistributing  the 
products  by  motor  truck  is  a  recent  development  in  marketing.  It  is 
the  result  of  efforts  to  fill  needs  arising  out  of  the  use  of  the  motor 
truck  as  a  carrier.  In  the  first  place,  truckmen  want  to  buy  quickly 
in  quantity.  Many  of  the  trucks  now  haul  from  one-half  to  a  full 
carload  of  small  fruits,  and  with  trailer  as  much  as  one  and  one-half 
cars.  Early  in  the  truckman-merchant  movement  a  "  trucker " 
could  ^o  to  farmers  in  remote  places  and  buy  cheaply,  but  with  the 
dissemination  of  market  news  and  the  choice  of  alternate  outlets, 
the  "  truckers  "  to-day  find  that  the  asking  price  of  farmers  is  usually 
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as  high  as  the  shipping-point  price,  and  in  running  through  the 
country  it  may  take  hours  or  days  to  buy  what  is  wanted.  Thus 
the  shipper  and  "  trucker  "  save  time  by  buying  at  a  concentration 
point.  With  competitive  bidding  and  numerous  buying  factors  the 
trade  is  vigorous,  and  the  prices  are  considered  relatively  high. 
Truckman-carrier  companies  offer  the  service  to  farmers  of  picking 
up  the  produce  at  farms  and  selling  it  on  the  market  at  a  small  cost. 
Thus  farmers  at  some  distance  from  the  market  may  get  the  full 
benefit  of  it  w^ithout  owning  trucks  themselves. 

In  the  matter  of  bringing  products  from  a  distance  to  sell  at  Ben- 
ton Harbor,  in  preference  to  taking  them  directly  to  Detroit,  Grand 
Rapids,  or  some  other  city,  a  grower  with  cherries  from  Grand  Tra- 
verse or  with  tomatoes  from  Indiana  finds  that  at  Benton  Harbor 
he  has  some  buyers  from  cities  representing  10,000,000  to  12.000,000 
population  in  seven  States.  Thus,  in  a  way  the  market  is  becoming 
an  index  of  "  trucker  "  demand  and  supply  for  products  grown  in  a 
large  area. 

The  town  of  Benton  Harbor  has  built  a  new,  large  market  for  this 
trade  which  opened  in  the  spring  of  1930.  There  is  no  retail  selling, 
and  Benton  Harbor  merchants  buy  an  insignificant  quantity  on  the 
market. 

At  Albany,  N.  Y.,  the  market  square  has  been  the  meeting  place 
of  motor-truck  movements  from  Syracuse,  the  Champlain  Valley, 
and  the  lower  Hudson,  as  well  as  the  near-by  market-garden  area, 
and  it  is  also  the  meeting  place  of  "  trucker  "  demand  from  this  same 
territory  and  parts  of  New  England,  with  the  overflow  finding  its 
way  to  New  York  City.  Moreover,  items  not  otherwise  supplied  come 
up  from  New  York  City  by  truck.  The  traffic  has  grown  much  above 
the  local  needs  of  Albany,  which  puts  it  in  the  regional-market  class. 
The  New  York  State  Department  of  Agriculture  advocates  a  new 
and  larger  market  to  replace  the  grossly  overtaxed  farmers'  market. 

The  farmers'  markets  at  Syracuse,  Rochester,  Buffalo,  New  Haven, 
and  Baltimore  supply  more  than  local  needs  and  have  taken  on  some 
of  the  aspects  of  regional  or  motor-truck  jobbing  markets. 

Syracuse  receives  products  from  most  of  the  producing  territory  of 
western  New  York  up  to  140  miles  away.  Fruits  and  vegetables  are 
hauled  from  a  distance  largely  by  "  truckers  "  who  buy  from  growers 
and  from  near-by  points  by  farmers  coming  in  with  their  own  trucks 
and  wagons.  Consumer  demand  is  represented  here  by  trucks  from 
Canada  on  the  north,  from  Pennsylvania  on  the  south,  from  Albany 
and  Troy  to  the  east,  and  from  the  west  as  far  as  Geneva.  Probably 
ever  20  per  cent  of  the  supplies  arriving  by  truck  are  jobbed  to 
truckmen-merchants  who  haul  out  of  the  city. 

Rochester  is  in  the  center  of  a  heavy  fruit  and  vegetable  producing 
section,  and  dealers  do  not  need  to  reach  out  so  far  to  get  supplies, 
but  a  considerable  redistribution  by  "  truckers  "  goes  to  industrial 
towns  in  south-central  New  York  and  north-central  Pennsylvania. 

Although  but  a  small  percentage  of  the  motor-truck  receipts  at 
Buffalo  are  rehauled  into  Canada  and  east  and  south,  the  volume 
is  not  small.  Buffalo  reaches  out  as  far  as  100  miles  for  motor- 
truck supplies,  part  of  which  are  jobbed  to  truckmen-merchants 
who  sell  in  municipalities  over  half  way  to  Pittsburgh,  Cleveland, 
and  Rochester.    Even  though  Buffalo  is  "not  a  large  regional  market 
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from  the  redistribution  side,  it  is  a  regional  market  of  considerable 
importance  viewed  from  a  receiving  side  since  products  are  received 
here  from  10  New  York  counties  and  some  fruits  and  vegetables  are 
brought  in  from  Ohio  and  Canada.  Buffalo  is  estimated  to  have 
received  3,343  carload  equivalents  of  fruits  and  vegetables  by  motor 
truck  in  1928,  outside  the  market-garden  area  in  western  New  York, 
a  goodly  portion  of  which  was  sold  over  the  so-called  farmers' 
market. 

Included  in  the  plans  for  the  railroad  produce  terminal  now  being 
erected  in  Buffalo  are  space  and  facilities  for  a  regional  motor-truck 
market,  in  accordance  with  plans  drawn  by  the  New  York  State 
Department  of  Agriculture. 

About  New  Haven,  market  gardeners  have  expanded  acreage  until 
production  is  fully  10  per  cent  greater  than  consumption  in  New 
Haven  and  near-by  consuming  areas.  This  surplus  is  jobbed  on  the 
farmers'  market,  in  large  measure,  to  motor-truck  jobbers  who  haul 
mainly  to  New  York  City  and  Boston,  as  well  as  to  Hartford,  Bridge- 
port, and  other  New  England  cities.  Considerable  green  corn,  Lima 
beans,  tomatoes,  green  beans,  and  strawberries  have  been  merchan- 
dized in  this  way  in  recent  years. 

The  Marsh  market  at  Baltimore  is  one  of  the  oldest  and  largest 
regional  markets,  though  strikingly  different  in  operation  and  serv- 
ices from  those  in  New  York  and  Michigan.  (Fig.  2.)  As  many  as 
2,000  truck  loads  of  produce  are  hauled  into  this  24-hour,  covered 
market  place  in  one  day,  coming  from  near-by  commercial  growing 
areas  in  Maryland,  Pennsylvania,  and  New  Jersey.  Some  loads  are 
ferried  across  from  the  Eastern  Shore,  and  others  come  from  North 
Carolina  and  South  Carolina.  A  few  loads  of  lettuce  and  celery 
came  from  Wayne  County,  N.  Y. 

This  is  strictly  a  jobbing  market.  Farmers  are  not  allowed  to 
sell.  In  1930  all  selling  was  done  by  16  licensed  commission  agents, 
who  sell  for  the  farmers'  accounts  at  5  per  cent  commission.  Truck- 
men and  farmers  pay  nothing  for  the  use  of  the  market,  but  the 
agents  pay  $400  annual  license.  Much  of  this  produce  is  sold  in 
truck  loads  or  car  lots.  A  10-package  lot  is  the  smallest  unit  of 
sale. 

The  Marsh  market  is  an  immense  steel  building  without  walls. 
It  is  a  series  of  streets  and  loading  platforms  covering  a  city  square. 
Built  after  the  Baltimore  fire,  it  was  originally  intended  as  a  local 
service  to  near-by  farmers  and  city  consumers,  but  an  increasing 
motor-truck  area  has  resulted  in  supplies  exceeding  the  needs  of  Bal- 
timore from  spring  until  late  summer.  The  surplus  is  bought  by 
packers  and  shippers  for  rail  distribution,  and  a  considerable  quantity 
is  redistributed  throughout  Baltimore's  trade  territory  by  truck. 

In  the  village  of  Candor,  N.  C,  a  regional  motor-truck  market  has 
developed.  "  Truckers  "  not  only  from  neighboring  localities  but  from 
Virginia,  West  Virginia,  and  Atlantic  seaboard  cities  come  in  to  buy. 
Since  most  of  these  "truckers  "  do  business  in  small  cities,  a  demand 
for  mixed  loads  has  grown  up.  To  supply  this  demand  new  produc- 
tion has  developed,  and  "truckers"  bring  in  watermelons,  canta- 
loupes, tomatoes,  green  corn,  beans,  and  cucumbers  from  other  parts 
of  North  Carolina,  South  Carolina,  and  Georgia,  hauling  these  vege- 
tables in  and  hauling  peaches  out. 
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A  somewhat  similar  market  has  sprung  up  at  Mount  Olive,  N.  C, 
where  the  vegetables  are  sold  over  a  farmers'  auction  block.  This 
makes  a  convenient  arrangement  for  truck  owners  in  buying  and  load- 
ing, and  for  producers  in  selling.  The  assembly  of  trucks  furnishes 
an  added  means  of  transportation  to  the  regular  buyer  who  buys  stock 
for  wholesale  houses. 

At  Salt  Lake  City  practically  all  trucked-in  produce  is  sold  over 
the  growers'  wholesale  market,  owned  and  controlled  by  farmers. 
Over  90  per  cent  of  the  produce  is  jobbed  in  unbroken  packages.  No 
retailing  is  done  from  the  market,  as  this  is  handled  by  small  dealers 
near  the  market  and  by  hucksters. 

About  50  per  cent  of  the  motor-truck  receipts  are  grown  within 
15  miles  of  Salt  Lake  City  on  irrigated  areas.    Large  quantities  of 


Figure  2. — Jobbing  from  motor  trucks  on  the  regional  Marsh  market  at  Baltimore. 
A  characteristic  scene  in  the  small  hours  of  the  night 

potatoes,  cucumbers,  tomatoes,  and  fruit  are  hauled  in  from  a  greater 
distance.  There  is  little  opposition  on  the  part  of  the  wholesale 
distributors  to  this  system.  They  are  able  to  buy  slightly  under 
the  price  paid  by  retail  stores  and  handle  considerable  produce  for 
redistribution  at  a  profit,  mostly  in  trucks. 

Motor-truck  shipping  has  made  Salt  Lake  City  a  regional  market 
for  motor-truck  jobbing  to  the  surrounding  territory  within  a  radius 
of  250  to  350  miles.  The  volume  sold  over  the  growers'  market  has 
increased  each  recent  year,  although  the  number  of  trucks  is  decreas- 
ing because  of  the  use  of  larger  trucks.  Several  groups  of  growers 
have  organized  motor-truck  cooperatives  for  the  purpose  of  buying 
large  trucks  to  serve  a  number  of  growers.  Few  dealers  in  surround- 
ing towns  buy  and  haul  in  their  own  trucks.     They  are  supplied 
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mainly  by  motor-truck  deliveries  of  wholesale  houses,  or  truckmen 
merchants. 

Efforts  have  been  made  in  some  cities  to  exclude  truckmen  from 
other  States,  who  bring  in  produce  for  sale.  The  development  of 
a  regional  motor-truck  market  is  obviously  dependent  upon  unre- 
stricted trade.  The  local  viewpoint  is  frequently  prejudiced  par- 
ticularly in  instances  where  certain  commodities  may  be  trucked  in 
from  a  distance  to  compete  with  local  production. 

In  the  past  local  authorities  have  sought  to  restrict  selling  on 
farmers'  markets  to  the  actual  grower.  No  doubt  this  was  a  desirable 
ruling,  and  still  is  in  some  farmers'  markets.  But  with  regard  to 
a  regional  motor-truck  jobbing  market,  at  times  most  of  the  selling 
is  done  by  truckmen  merchants.  It  has  generally  been  found  by 
farmers  that  it  is  not  profitable  nor  desirable  for  the  grower  himself 
to  engage  in  motor-truck  distribution  except  for  short  hauls.  Selling 
on  a  regional  market  should  be  open  to  all  on  equal  terms. 

WHOLESALE  ROADSIDE  MARKETS 

Wholesale  roadside  markets  are  similar  in  purpose  to  regional 
markets  but  are  located  in  the  country.  Notable  examples  are  those 
near  Flora,  Sandoval,  and  Carbondale,  111.  There,  large  growers 
assemble  their  own,  and  in  some  cases  purchased  fruit,  in  large  quan- 
tities to  sell  to  truckmen  and  motorists.  Most  of  the  trade  at  these 
markets  is  wholesale.  Truckmen  seem  to  favor  these  markets  be- 
cause they  can  obtain  a  full  load  without  loss  of  time  and  because 
they  consider  the  packs  reliable. 

The  leading  fruit  authorities  in  Illinois  said  there  were  about  10 
of  these  wholesale  stands  in  the  State  in  1928,  some  of  which 
operated  during  the  entire  year,  shipping  in  fruit  and  vegetables 
for  resale  by  the  carload,  in  some  instances.  Several  of  them  did 
a  business  of  over  $50,000  a  year. 

The  retail  and  wholesale  roadside-stand  method  of  sale  is  highly 
developed  in  western  New  York  along  Highway  31,  from  Buffalo 
to  Syracuse,  and  along  Highway  3  in  Monroe  and  Wayne  Counties, 
and  around  the  southern  end  of  Cayuga  Lake.  In  the  northern  part 
of  Oswego  County  roadside  stands  relay  to  the  north  fruit  that  has 
been  obtained  from  the  lake  shore  farther  west. 

In  southwestern  Michigan  cooperatives  serve  as  wholesale  motor- 
truck markets  at  various  country  shipping  points. 

ADAPTABILITY  OF  CERTAIN  PRODUCTS  TO  MOTOR-TRUCK 
TRANSPORTATION 

The  more  perishable  a  product  the  more  amenable  it  is  to  truck 
transportation  within  certain  limits  of  distance.  A  combination  of 
factors  relating  to  time  and  to  damage  favors  the  truck.  Dealers 
generally  stated  that  berries  traveling  200  to  400  miles  by  truck 
arrive  in  better  condition  than  when  shipped  by  rail  unless  trucked 
over  rough  roads  or  on  solid  tires.  Even  in  those  cases  where  ex- 
press service  is  equal,  or  nearly  so,  to  truck  time,  many  growers  favor 
the  truck  because  of  the  alleged  greater  shaking  and  jolting  by 
rail.    Quick  delivery  in  the  cool  of  the  night  permits  trucked  peas 
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to  be  put  on  markets  400  miles  awav  without  icing,  and  they  usually 
look  better  and  hold  up  longer  than  rail  shipments  of  the  same 
distance.  With  potatoes,  however,  there  is  no  time-and-condition 
advantage  in  shipping  by  truck.  Freight  rates  on  potatoes  are  so 
much  lower  than  truck  rates  that  the  distance  must  be  very  short  if 
the  savings  in  cartage  and  rehandling  are  to  make  up  the  difference 
in  transportation  charges. 

Class  and  commodity  rates  play  an  important  part  in  possibilities 
of  shipping  by  truck.  By  truck  all  commodities  take  nearly  the 
same  rate  per  ton,  because  trucks  can  be  loaded  to  about  the  ton- 
nage capacity  with  almost  any  commodity.  Watermelons  and  mush- 
rooms are  exceptions.  Loss  from  damage  is  given  practically  no 
consideration  in  rate  making  in  shipping  by  truck.  On  some  rail- 
roads berries  take  first-class  rate,  grapes  and  peaches  second,  oranges 
and  lemons  third.  Considerably  lower  are  the  rates  for  celery, 
cucumbers,  tomatoes,  cantaloupes,  and  watermelons,  which  take  the 
fourth-class  rate,  and  potatoes  and  pears,  which  take  the  fifth-class 
rate.  In  the  case  of  commodities  such  as  a  few  of  the  highly  perish- 
able soft  fruits  for  which  refrigeration  is  used  in  making  rail  ship- 
ments within  the  radius  of  truck  transportation,  the  cost  of  refrigera- 
tion is  eliminated  in  shipping  by  truck. 

Hence  in  charging  about  the  rail  cost  combined  with  cartage  to 
and  from  stations,  trucks  may  profitably  haul  grapes,  strawberries, 
and  peaches  several  hundred  miles,  when  they  could  carry  onions 
or  cabbage  profitably  only  25  to  40  miles. 

Lightness  affects  the  relative  economy  of  trucking  or  shipping  by 
rail.  Only  5  to  6  tons  of  such  products  as  asparagus,  beans,  and 
Brussels  sprouts  are  loaded  to  a  car,  whereas  12  to  15  tons  of  apples, 
cabbage,  and  watermelons  constitute  a  carload,  and  15  to  20  tons 
of  rutabagas  and  potatoes.  Trucks  are  usually  loaded  to  double  their 
rated  capacity.  Hence  a  3-ton  truck  can  haul  a  carload  of  beans  or 
asparagus,  if  the  bed  is  sufficiently  extended  or  if  a  trailer  is  used, 
whereas  it  can  haul  only  one-third  of  a  car  of  some  of  the  heavier  and 
less  perishable  items.  Therefore  light  products  and  those  with  a  low 
minimum  car-lot  weight  are  adapted  to  truck  shipping.  Ninety-six 
per  cent  of  the  spinach  in  the  territories  covered  in  this  study  was 
shipped  by  truck,  89  per  cent  of  the  beans,  only  18  per  cent  of  the 
onions,  and  12  per  cent  of  the  cabbage.    (Table  2.) 

Quantity  consumption  or  common  usage  of  a  commodity  aids  truck 
shipping  in  areas  of  limited  population.  Dealers  in  small  cities  may 
not  be  able  to  use  a  truck  load  of  carrots  or  turnips,  whereas  they  can 
use  a  truck  load  of  grapes  or  cantaloupes.  The  latter  can  be  jobbed 
by  truckmen-merchants  in  villages  and  rural  neighborhoods.  This 
is  indicated  by  Table  2,  which  shows  that  for  the  areas  studied  49 
per  cent  of  the  cantaloupes  and  48  per  cent  of  the  grapes  were 
shipped  by  truck  as  compared  with  39  per  cent  of  the  carrots  and 
small  quantities  of  turnips.  (Tables  7  to  22.)  Potatoes  and  apples 
are  favorite  commodities  of  truckmen-merchants  because  of  their 
ready  salability  in  volume. 

High  value  of  a  commodity  may  influence  shippers  to  use  the 
motor  truck.  Thus  Pennsylvania  mushrooms  are  shipped  mainly 
by  truck,  although  express  rates  have  been  reduced  below  the  truck 


28  TECHNICAL  BULLETIN  2  72,  U.  S.  DEPT.  OF  AGRICULTURE 

charges.  Slightly  faster  delivery  in  better  condition  make  mush- 
rooms preeminently  a  motor-trucking  crop,  whereas  some  cheap 
products  like  watermelons  and  pumpkins  are  not. 

MOTOR-TRUCK  TRANSPORTATION  AS  COMPARED  WITH  OTHER 
FORMS  OF  TRANSPORTATION 

Most  of  the  high-grade  products,  in  many  sections,  are  shipped 
by  rail  to  distant  cities,  and  what  remains  is  available  for  motor-truck 
distribution.  This  is  particularly  true  of  apples,  potatoes,  and 
peaches  produced  at  a  considerable  distance  from  large  city  markets. 

On  the  other  hand,  in  areas  with  a  large  and  fairly  affluent  popu- 
lation motor-truck  shipments  tend  to  vary  less  in  volume  than  do 
railroad  shipments.  In  years  of  low  supplies  and  high  prices  the 
truckmen  reach  out  farther  for  supplies,  but  consumption  is  some- 
what curtailed.  In  a  measure,  the  railroad  shipments  of  any  par- 
ticular commodity  are  the  surpluses  above  the  requirements  of  mar- 
kets within  the  motor-truck  range  in  areas  near  good  markets  and 
where  truck  transportation  is  fairly  stabilized,  according  to  the 
opinion  of  close  observers  of  the  trade. 

The  chief  time  advantage  of  trucks  over  railroads  is  due  to  delays 
in  picking  up  cars  at  stations  in  producing  areas  or  at  division  points, 
and  delays  occasioned  in  breaking  up  a  train  at  diversion  points  and 
switching  a  car  to  the  team  tracks  at  terminals.  These  delays  in 
railroad  transportation  are  constants,  the  relative  importance  of 
which  decreases  with  added  distance.  The  saving  of  expense  of 
cartage  effected  by  motor-truck  transportation  is  a  constant  the  rela- 
tive importance  of  which  diminishes  with  added  distance.  Hence  the 
shorter  the  haul  the  greater  the  advantage  of  the  truck.  Much  long 
distance  truck  hauling  has  been  unsound  economically. 

There  are  many  points  between  which  no  direct  rail  connections 
exist;  there  trucks  can  haul  direct  at  savings  in  mileage.  Again, 
many  purchasers  want  less  than  a  carload,  and  frequently  a  shipper 
wishes  to  ship  less  than  a  carload.  Since  1.  c.  1.  freight  rates  are 
considerably  above  car-lot  rates,  and  some  perishable  products  will 
not  carry  satisfactorily  under  1.  c.  1.  freight  conditions,  the  truck  is 
found  desirable  both  for  small-lot  shipping  and  short-cut  shipping. 
Many  producers  of  highly  perishable  products  wish  to  clean  up  the 
day's  picking  in  the  evening  and  may  have  more  or  less  than  a 
carload. 

MOTOR-TRUCK  TRANSPORTATION  IN  VARIOUS  SECTIONS 

DELAWARE  AND  THE  EASTERN  SHORE  OF  MARYLAND  AND  VIRGINIA 

The  shipments  of  fruits  and  vegetables  by  truck  from  Delaware 
and  the  Eastern  Shore  of  Maryland  and  Virginia  in  1928  were  tabu- 
lated from  the  records  of  the  Delaware  State  Highway  Department. 
Practically  all  traffic  moving  north  from  the  Eastern  Shore  section 
passes  over  certain  highways  in  Delaware  on  which  State  police  main- 
tain weighing  stations.  At  these  stations  the  inventories,  origins, 
and  destinations  of  the  loads  were  learned.  It  was  estimated  that 
these  records  represent  80  per  cent  of  the  truck  movements  from  the 
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Eastern  Shore  section.  Some  loads  cross  the  Chesapeake  Bay  with- 
out traveling  over  Delaware  roads,  and  some  trucks  are  missed  when 
the  State  police  are  called  away  on  emergency  duty. 

In  comparing  motor-truck  movement  with  rail  movement  for  in- 
dividual counties  as  shown  in  Tables  7,  8,  and  9,  it  should  be  kept  in 
mind  that  although  the  total  motor-truck  movement  from  the  area 
may  be  considered  approximately  80  per  cent  complete,  figures  shown 
for  specific  crops  and  specific  counties  may  vary  considerably  from 
80  per  cent  of  the  motor-truck  movement. 

Table  7. — Railroad  and  reported  motor-truck  shipment  of  fruits  and  vegetables 

from  Delate  are,  1928  ^ 


County 

Apples 

Asparagus 

Cantaloupes 

Cucumbers 

Grapes 

MisceUaneous 

RaU 

Truck 

Rail 

Truck 

RaU 

Track 

RaU 

Track 

RaU 

Track 

Rail 

Track 

Kent 

Cars 

595 

5 

738 

Cars 
80 

■"'82' 

Cars 
0 
0 
0 

Cars 

7 

9 

Cars 
0 
0 

427 

Cars 
9 

"M3- 

Cars 

0 

0 

214 

Cars 

""m 

Cars 
11 
0 
0 

Cars 
3 

""Ig 

Cars 

1 
0 
0 

Cars 
26 

New  Castle.--. 
Sussex 

175 

Total 

1,338 

162 

0 

16 

427 

552 

214 

112 

11 

52 

1 

201 

County 

Peaches 

Potatoes 

Sweetpotatoes 

Strawberries 

Watermelons 

RaU 

Track 

Rail 

Track 

RaU 

Track 

RaU 

Track 

RaU 

Track 

Kent 

Cars 
22 
0 

8 

Cars 
25 

2 

Cars 

42 

1 

113 

Cars 
21 

""so" 

Cars 

419 

0 

1,163 

Cars 
3 

"'235' 

Cars 

10 

0 

611 

Cars 
81 

"'927' 

Cars 
0 
0 
50 

Cars 

New  Castle 

Sussex 

24 

Total 

30 

27 

156 

101 

1,582 

238 

621 

1,008 

50 

25 

1  Motor-truck  figures,  for  Delaware  and  for  the  Eastern  Shore  of  Maryland  and  Virginia  (Tables  8  and  9), 
are  based  on  the  records  of  the  Delaware  State  Highway  Department  and  are  estimated  to  be  only  about 
80  per  cent  of  the  total  long-distance  motor-truck  movement  of  fruits  and  vegetables  from  this  area.  For 
specific  crops  and  specific  counties  the  figures  may  vary  considerably  from  80  per  cent  of  the  total  motor- 
truck movement.  Items  included  under  miscellaneous  differ  in  Tables  7,  8,  and  9.  Some  are  "highly 
perishable"  and  some  "less  perishable"  as  discussed  herein. 


Table  8. — Railroad  and  reported  motor-truck  shipments  of  fruits  and  vegetables 
from  Eastern  Shore  of  Maryland,  1928^ 


Apples 

Beans, 
strmg 

Canta- 
loupes 

Cucum- 
bers 

Miscel- 
laneous 

Peas 

Peaches 

County 

'3 

1 

B 

Cars 
0 
0 
0 
0 
0 
0 
63 
0 
1 
1 
0 

3 
h 

Cars 

2 



84 

i57' 
14 

1 

Cars 

98 

0 

376 
0 
0 
0 
0 
0 

497 
0 
0 

Cars 

58 

'i09' 

"394' 

1 

1 

Cars 
15 
0 
1 
0 
0 
0 
0 
0 
511 
28 
0 

Cars 

7 
— -- 

"39' 
12 

1 

■3 

Cars 
0 
0 
31 
0 
0 
0 
0 
0 
0 
0 
0 

Cars 

"zi 

"2 

----- 

----- 

Cars 
0 
0 
0 
17 
0 
0 
0 
48 
14 
34 
0 

^ 

Caroline 

Cars 

29 

9 

12 

25 

0 

0 

0 

128 

33 

203 

0 

Cars 
2 
2 
3 



Cars 
11 
0 

7 

4 

Cars 
0 
0 
0 
0 

23 
0 
7 
0 
0 

36 
0 

Cars 
1 

Cecil 

Dorchester--  - 

Harford 

Kent- 

Queen  Annes 

Somerset 

2 

Talbot    - 

Wicomico -- 

3 

Worcester --- 

Unknown. 

Total 

439 

16 

65 

264 

971 

56b 

555 

131 

66 

76 

31 

38 

113 

6 

30 
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Table  8. — Railroad  and  reporte.d  motor-truck  shipments  of  fruits  and  vegetahles 
from  Eastern  Shore  of  Maryland,  1928 — Continued 


Peppers 

Potatoes 

Sweet  po- 
tatoes 

Strawber- 
ries 

Tomatoes 

Water- 
melons 

County 

1 

i 

1 

h 

1 

h 

1 

^ 
h 

1 

i 

'3 

M 

Caroline.- 

Cars 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Cars 
43 

— ... 

Cars 

21 

1 

10 

0 

0 

2 

436 

8 

47 

2,603 

0 

Cars 

7 
...... 

""""o' 

3 

""26" 
20 

Cars 

31 

0 

52 

0 

0 

0 

70 

1 

1,325 

338 

0 

Cars 
9 

—  ... 

0 

170 

9 

Cars 

65 

0 

1 

0 

0 

0 

399 

0 

258 

224 

0 

Cars 

126 

6 

78 

""219' 

"445" 
57 
b 

Cars 
0 
0 
0 
0 
6 
0 
414 
0 
0 
86 
0 

Cars 

1 

...... 

"'"49' 

""10" 
4 

Cars 
8 
0 
4 
0 
0 
0 
0 
0 
55 
0 
0 

Cars 
1 

Cecil 

Dorchester 

1 

Harford 

Kent—  ..      -  --  -. 

Queen  Annes 

Somerset-  

1 

Talbot 

Wicomico 

Worcester.     _  _    

12 

Unknown 

Total                  

0 

44 

3,128 

63 

1,817 

192 

947 

937 

505 

65 

67 

15 

I  See  footnote  1,  Table  7.  In  addition  to  the  rail  shipments  shown  in  this  table  the  following  number  of 
car-lot  equivalents  were  shipped  by  boat  in  1928  from  Eastern  Shore  of  Maryland:  Apples,  7;  cantaloupes,  25; 
cucumbers,  2;  onions,  1;  sweetpotatoes,  278;  potatoes,  207;  strawberries,  31;  tomatoes,  1;  watermelons,  141. 


TABLE  9.- 


-Railroad  and  reported  motor-truch  shipm^ents  of  fruits  and  vegetables 
from  Eastern  Shore  of  Virginia,  1928  ^ 


County 

Beans,  string 

Cabbage 

Greens 

Miscellaneous 

Onions 

Peas 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Accomac 

Northampton. - 
Unknown 

Cars 
5 
0 
0 

Cars 
86 
21 

1 

Cars 

26 

634 

0 

Cars 

7 
3 

Cars 
0 
0 
0 

Cars 
68 

7 

Cars 

1 

Cars 
24 
17 
2 

Cars 
50 
0 
35 

Cars 

1 

Cars 
8 
2 
0 

Cars 
14 

7 

1 

Total 

5 

108 

660 

10 

0 

75 

9 

43 

85 

1 

10 

22 

County 

Peppers 

Potatoes 

Sweetpota- 
toes 

Strawberries 

Tomatoes 

Turnips 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Accomac 

Northampton.. 
Unknown 

Cars 
0 
1 
0 

Cars 
3 
17 

Cars 

11, 016 

10, 989 

170 

Cars 
29 

7 
1 

Cars 

4,792 

811 

0 

Cars 

56 

23 

2 

Cars 

365 

98 

0 

Cars 

351 

92 

2 

Cars 

0 

22 

0 

Cars 
1 
0 

Cars 
16 
0 
0 

Cars 

Total 

1 

20 

22, 175 

37 

5,603 

81 

463 

445 

22 

1 

16 

0 

1  See  footnote  1,  Table  7.  In  addition  to  the  railroad  shipments  shown  in  this  table,  the  following  number 
of  "car-lot  equivalents  "were  shipped  by  boat  in  1928  from  Eastern  Shore  of  Virginia:  Cabbage,  29;  onions 
91;  strawberries,  59;  sweetpotatoes,  539;  potatoes,  919;  watermelons,  146.  ' 

Shipments  of  fruits  and  vegetables  reported  by  rail  and  boat  from 
Delaware  and  the  Eastern  Shore  of  Maryland  and  Virginia  in  1928 
totaled  44,659  cars  as  compared  with  5,752  carloads  reported  as  sent 
by  motor  truck.  Assuming  that  these  motor-truck  records  represent 
only  about  80  per  cent  of  the  total  motor-truck  shipments,  a  total 
movement  of  the  equivalent  of  7,191  carloads  by  motor  truck — that 
is,  14  per  cent  of  the  movement  from  the  area — is  indicated.  (Table 
1.)    From  the  Eastern  Shore  of  Virginia  the  estimated  total  motor- 
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truck  shipments  were  1,054  cars,  or  3  per  cent,  from  the  Eastern 
Shore  of  Maryland  3,019  cars,  or  24  per  cent,  and  from  Delaware 
3,118  cars,  or  41  per  cent.  These  variations  reflect  the  importance  of 
distance  from  markets  and  perishability  of  commodities  grown,  on 
the  volume  of  motor-truck  shipments. 

Of  the  class  of  highly  perishable  commodities,  including  berries, 
cantaloupes,  grapes,  peaches,  watermelons,  asparagus,  beans,  cucum- 
bers, greens,  peas,  peppers,  spinach,  and  tomatoes,  4,703  carloads  were 
recorded  as  being  shipped  from  Delaware  and  the  Eastern  Shore  sec- 
tion by  motor  truck.  Assuming  that  these  records  were  80  per  cent 
complete,  the  total  shipments  of  these  more  perishable  items  would 
amount  to  5,879  carloads,  as  compared  with  5,496  cars  of  the  same 
products  shipped  by  rail  and  boat.  A  little  more  than  half,  therefore, 
was  sent  by  motor  truck.  On  the  other  hand,  the  motor-truck  ship- 
ments of  a  group  of  less  perishable  commodities  consisting  of  apples, 
cabbages,  onions,  potatoes,  and  sweetpotatoes  was  estimated  as  com- 
prising slightly  less  than  3  per  cent  of  the  total  movement  of  these 
commodities.  The  motor-truck  shipments  of  this  latter  group  totaled 
1,129  cars  (considering  the  records  of  the  highway  department  as  80 
per  cent  complete),  as  compared  with  rail-and-boat  shipments  equal 
to  39,057  cars.  Less  than  1  per  cent  of  the  potatoes  moved  by  motor 
truck. 

Table  10, — Shipments  of  straiv'berries  'by  rail  and  boat  and  reported  motor-truck 
movement  from  Delaivare  and  the  Eastern  Shore  of  Maryland  and  Virginia, 
1926,  and  1928-1930 


Year 

Rail  and 
boat 

Motor 
truck,  as 
reported  i 

Percentage 

of  total 

reported 

by  motor 

truck 

1926 

Cars 

2,862 

2,121 

1,649 

839 

Cars 
1,086 
2,396 
2,073 
1,129 

28 

1928                                  

53 

1929 - 

f6 

1930  -  .       -  . 

57 

>  Reported  motor  truck  shipments  are  not  complete  but  as  a  general  estimate  may  be  considered  as  80 
per  cent  of  the  total  motor-truck  movement. 

The  actual  count  for  the  shipment  of  strawberries  during  four 
seasons  is  shown  in  Table  10.  These  figures  give  a  picture  of  the 
increasing  importance  of  the  motor  truck  in  the  distribution  of  straw- 
berries from  this  region. 

Of  the  total  number  of  trucks  stopped  by  the  Delaware  State  police 
in  1928,  76.9  per  cent  were  hauling  fruits  and  vegetables,  5.8  per 
cent  poultry  and  eggs,  7.6  per  cent  fish,  0.9  per  cent  livestock,  5.4  per 
cent  mixed  produce,  and  3.4  per  cent  other  materials.  This  is  not 
so  much  a  measure  of  the  adaptability  of  various  items  to  truck 
transportation  as  it  is  an  index  of  the  industry  of  the  section. 

The  volume  of  the  motor-truck  shipments  was  light  from  Septem- 
ber to  April,  inclusive.  The  months  of  greatest  motor-truck  move- 
ments were  June  and  August,  in  which  4,263  and  4,434  truckJoads, 
respectively,  were  reported.    In  May,  3,230  truck  loads  were  reported ; 
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in  July,  2,540;  and  in  November,  only  362.  A  total  of  19,891  truck 
loads  was  counted  from  the  police  records.  These  figures  include 
other  commodities  as  well  as  fruits  and  vegetables.  Spring  greens 
comprise  a  large  part  of  the  truck  shipments  during  March  and 
April,  strawberries  constitute  the  main  shipments  in  May,  and  beans, 
peas,  and  strawberries  in  June.  Various  crops  make  up  the  summer 
and  fall  shipments.  In  1928  the  average  truck  load  was  between 
one-third  and  one-half  a  carload. 

Philadelphia  led  in  reported  destinations  of  motor-truck  shipments 
from  Delaware  and  the  Eastern  Shore  of  Maryland  and  Virginia, 
with  2,437  cars ;  New  York  City  was  second,  with  2,160  cars ;  Newark, 
third,  with  431  cars;  Baltimore,  fourth,  with  95  cars;  Boston,  fifth, 
with  77  cars;  and  Chester,  Pa.,  sixth,  with  59  cars.  Motor-truck 
shipments  to  Wilmington,  Del.,  and  other  local  markets  were  not 
tabulated.  The  length  of  the  haul  to  Philadelphia  from  some  of  the 
important  producing  districts  of  the  Eastern  Shore  is  about  125 
miles  and  to  New  York  about  225  miles.  The  six  large  cities,  New 
York,  Philadelphia,  Newark,  Boston,  Baltimore,  and  Washington, 
received  93  per  cent  of  the  total  movement,  according  to  declarations 
of  truckmen.  Some  diversions  from  the  original  destinations  were 
made  after  these  shipments  had  passed  the  Delaware  highway  sta- 
tions.    (Table  11.) 

Table  11. — Destination  of  motor-truck  shipments  of  fruits  and  vegetables  from 
Delaware  and  the  Eastern  Shore  of  Maryland  and  Virgmia,  1928'^ 


Car-lot  equivalents  shipped  by  motor  truck  to  cities  named 

State  and  city  destination 

Apples 

Canta- 
loupes 

Peaches 

straw- 
berries 

String- 
beans 

Cucum- 
bers 

Pota- 
toes 

Sweet- 
potatoes 

others 

Total 

Connecticut: 

Bridgeport           

0 
0 

1 
1 

0 

5 
2 
2 
0 

0 
0 

0 
0 

14 
0 
0 
2 

71 

1 
3 
7 
0 
0 
0 
2 
50 

2 
0 
0 
4 

0 

0 
0 
0 
0 

2 
0 

4 

1 
84 
3 
2 
2 
447 

3 

3 
534 

0 
0 
0 
0 

0 

1 

0 
0 
0 

0 
0 

0 
0 
2 
0 
0 
0 
16 

0 
0 
0 
0 
0 
1 
0 

11 

0 
1 

1 
9 

12 

71 
0 
0 
0 

71 
2 

0 
0 
227 
4 
10 
11 
919 

13 
13 
24 
9 
11 
6 
1 
8C9 

0 
0 
0 
0 

2 

0 
0 
0 
0 

2 
0 

0 
0 
33 
0 
0 
0 
166 

0 
0 
0 
0 
0 
0 
0 
177 

0 
0 
0 
2 

0 

0 
0 
0 
0 

1 
0 

0 
0 
19 
0 
2 
6 
141 

0 
0 
0 
0 
0 
0 
0 
63 

.   0 
0 
0 
0 

0 

4 
0 
0 

1 

0 
0 

0 
0 
6 
0 
0 
2 
9 

0 
0 
13 
0 
0 
0 
2 
163 

0 
0 
0 
0 

2 

8 
0 
0 
0 

0 
0 

0 
0 

31 
0 
0 
1 

83 

6 
4 
4 
8 
0 
3 
4 
349 

0 
0 
0 
1 

3 

6 
0 
0 
0 

1 
0 

2 
0 

15 
0 
0 
4 
308 

0 
2 
4 

0 
0 

1 

0 

191 

2 

Danbury 

Hartford.      

2 

New  Haven 

17 

District  of  Columbia: 
Washington         

19 

Maryland: 

Baltimore      

95 

Hagerstown 

2 

Woodsboro 

2 

Elkton 

1 

Massachusetts: 

77 

Springfield 

2 

New  Jersey: 

Atlantic  City     . 

9 

Elizabeth 

1 

431 

Paterson 

7 

Trenton .  

14 

others 

28 

New  York:  New  York.... 
Pennsylvania: 
Allentown 

2,160 
23 

Bethlehem.. 

23 

Chester    

59 

Harrisburg 

18 

Hazleton 

12 

12 

Oxford 

12 

Philadelphia 

2,437 

1  Figures  are  taken  from  renorts  of  truckmen  to  the  Delaware  State  police.  Since  some  small  towns 
received  less  than  a  car-lot  equivalent  by  truck  and  since  the  fractional  amounts  are  not  included  the  totals 
in  these  columns  for  certain  commodities  may  be  less  than  the  number  of  cars  shipped  by  motor  truck 
as  shown  in  Tables  7  to  9,  Motor-truck  shipments  to  Wilmington  and  other  Delaware  points  are  not 
included. 
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Table  11. — Destination  of  motor-truck  shipments  of  frmts  and  vegetables  from 
Delaware  and  the  Eastern  Shore  of  Maryland  and  Virginia,  1928 — Continued 


Car-lot  equivalents  shipped  by  motor  truck  to  cities  named 

state  and  city  destination 

Apples 

Canta- 
loupes 

Peaches 

Straw- 
berries 

String- 
betms 

Cucum- 
bers 

Pota- 
toes 

Sweet- 
potatoes 

Others 

Total 

Pennsylvania— Contd. 
Reading 

2 

4 
0 

2 

1 

J 

0 

5 
5 
0 
0 
0 
0 
0 
10 
0 

0 
0 
0 
0 
1 
0 
0 
0 
0 

18 
9 
1 
0 

13 
8 
0 

28 

5 

0 

1 
0 
0 
2 
1 
0 
0 
0 

0 

4 
0 
0 
2 
0 
0 
1 
0 

0 
0 
0 

1 

0 
0 
0 
0 
0 

4 
0 
0 
0 
0 
0 
0 
1 
0 

0 
0 
0 
0 
2 
0 
0 
1 
0 

29 

23 

1 

West  Cliester 

2 

Wilkes-Barre 

22 

Williamsport 

10 

4 

Others 

41 

Rhode  Island:  Providence. 

6 

Total 

176 

1,122 

32 

2,396 

384 

241 

201 

508 

541 

5,600 

Small  cities  in  Pennsylvania  and  New  Jersey  received  most  of 
the  shipments  not  going  to  large  cities.  In  the  case  of  strawberries, 
motor-truck  shipments  were  reported  to  21  Pennsylvania  markets 
exclusive  of  Philadelphia..  Some  of  the  commodities  that  had  a  con- 
siderable distribution  to  the  small  cities  in  addition  to  strawberries 
include  early  apples,  cantaloupes,  potatoes,  sweetpotatoes,  and  water- 
melons. 

Philadelphia  and  other  cities  within  a  relatively  short  distance  of 
the  Eastern  Shore  received  the  major  portion  of  the  heavy  and  less 
perishable  commodities  such  as  potatoes  and  cabbage.  The  New  York 
metropolitan  area  was  the  principal  receiver  for  the  motor-truck 
shipments  of  the  light  and  the  more  perishable  commodities  such  as 
grapes,  beans,  peppers,  berries,  and  greens.  Strawberries  constituted 
the  only  important  motor-truck  movement  to  Boston,  represented  by 
71  cars.  Buffalo  was  the  most  distant  destination — several  truck 
loads  were  declared  to  be  destined  for  this  point. 

An  analysis  of  the  daily  distribution  of  strawberries  by  truck  was 
made.  The  day-by-day  variations  in  destinations  to  New  York, 
Philadelphia,  and  Boston  were  very  great.  As  a  result  supplies  on 
these  markets  for  the  last  few  years  have  fluctuated  violently.  The 
Delaware  Bureau  of  Markets  in  1928  tried  to  correct  this  condition 
by  giving  a  market  news  service  free  to  growers  and  at  cost  to  ship- 
pers. They  obtained  by  telegram  the  market  condition  of  the  large 
markets  from  the  Federal  Market  News  Service,  and,  in  addition, 
telephoned  to  the  smaller  markets  within  trucking  distance. 

It  was  found  that  shippers  availed  themselves  of  this  service,  but 
overdid  it.  Markets  on  which  berries  were  scarce  to-day  would  in 
many  cases  be  oversupplied  to-morrow.  There  were  too  many  diver- 
sions, and  there  was  no  way  to  gage  them. 

At  many  points  in  this  section,  local  auction  blocks  are  in  opera- 
tion, particularly  in  the  important  strawberry  and  cantaloupe  areas. 
Farmers  bring  these  crops  in  to  the  auction  sheds,  where  they  are 
sold  to  local  brokers.  They  are  then  loaded  on  motor  trucks  or  cars 
to  be  moved  to  market.  With  such  crops  as  apples,  potatoes,  and 
broccoli  the  trucks  are  generally  loaded  at  the  farm.  In  only  a  few 
68925°— 31 3 
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instances  do  truckmen  send  special  trucks  to  farms  to  haul  produce 
to  concentration  points.  The  majority  of  the  motor-truck  shipments 
are  consigned  to  city  dealers,  although  some  sales  are  made  on  a 
delivered  basis  and  a  limited  quantity  of  produce  is  sold  at  shipping 
point  to  truckmen  merchants.  The  trend  seems  to  be  away  from  this 
latter  practice. 

CUMBERLAND-SHENANDOAH    SECTIONS    OF    MARYLAND,    PENNSYLVANIA,    AND 

WEST   VIRGINIA 

The  counties  included  in  the  Cumberland- Shenandoah  sections  of 
Maryland,  Pennsylvania,  and  West  Virginia  are  Allegany  and  Wash- 
ington Counties  in  Maryland;  Berkeley,  Jefferson,  and  Morgan 
Counties  in  West  Virginia,  and  Adams,  Franklin,  and  York  Coun- 
ties in  Pennsylvania.  York  County  potatoes  were  not  included  in 
the  report.  Of  the  1928  crops  of  fruits  and  vegetables  in  the  area 
defined,  9,567  cars  were  shipped  by  rail,  as  compared  with  1,130  cars 
estimated  to  have  been  shipped  by  truck — that  is,  11  per  cent  of  the 
total  movement  was  shipped  by  truck.  By  commodities  the  esti- 
mated percentages  moving  by  truck  were:  Apples  8,  potatoes  IT, 
and  peaches  29.  No  pear  shipments  by  truck  were  reported. 
(Table  12.) 

Table  12. — Railroad  and  estimated  motor-truck  shipments  of  speolfied  fruits 
and  vegetables  from,  the  CimiberlandrShenandoah  section  of  Maryland,  Pernio 
sylvania.  and  West  Virginia\,  1928  crop 


state  and  county 

Apples 

Peaches 

Pears 

Potatoes 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Maryland: 

Cars 
186 
919 

Cars 
33 
225 

Cars 

1 
167 

Cars 

2 

128 

Cars 
0 
0 

Cars 

Cars 
0 
0 

Cars 

Washington .  

± 

Total     

1,105 

258 

168 

130 

0 

0 

4 

Pennsylvania: 

Adams 

1,104 

861 

44 

156 

85 
128 

148 

358 

63 

45 
140 
37 

0 
0 
0 

13 
320 

0) 

3 

Franklin 

61 

York               

0) 

Total        

2,009 

369 

569 

222 

0 

1333 

164 

West  Virginia: 

Berkeley                - _.  .  _ 

2,933 

1,368 

944 

5 

16 
54 

89 
10 
30 

1 

y 

1 
8 
0 

0 
0 
0 

Morgan            

Total          

5,245 

75 

129 

8 

9 

0 

Total  three  sections 

8,359 

702 

866 

360 

9 

1333 

68 

York  County  potatoes  were  not  considered. 


From  the  part  of  this  fruit  belt  located  in  a  mountainous  terri- 
tory not  far  from  coal-mining  and  industrial  districts,  motor-truck 
shipments  were  almost  negligible  because  of  river  and  mountain 
barriers;  they  were  very  large  from  other  places  that  were  favored 
by  proximity  to  desirable  markets  and  improved  highways.    (Fig.  3.) 

In  Berkeley,  Jefferson,  and  Morgan  Counties,  W.  Va.,  the  use  of 
the  truck  had  not  increased  the  selling  of  fruit  at  the  farm  (cider 
apples  excepted).  In  Berkeley  County,  less  than  1  per  cent  of  the 
fruit  was  trucked  to  consuming  markets,  in  Jefferson  County  only 
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1  per  cent,  and  in  Morgan  County  6  per  cent.  Mountains,  streams, 
and  competing  areas  isolate  most  of  this  area  on  three  sides,  and 
Baltimore  and  Washington  (90  miles  away)  were  considered  too  far 
off  for  truck  shipping  of  apples.  Many  growers  do  not  consider 
these  two  the  best  paying  markets  for  the  fruit  of  this  district. 

The  only  movement  of  consequence  by  truck  in  West  Virginia 
occurs  from  the  Potomac  Valley  of  Morgan  County  into  the  coal 
fields  of  West  Virginia  and  Pennsylvania.  Otherwise  the  motor- 
truck shipments  are  insignificant  and  show  no  indications  of 
increasing. 


Adjacent  oraa  including  rural 
tmd  urban  merhtts  ractiyinf  various 
products  by  motor  truck. 

Long  distorter  truck  shipmrnts 


FIGURE  3.— Areas  of   Fruit  and  Vegetable   Production   and  Distri- 
bution BY  Truck 

The  major  portion  of  the  shipments  of  fruits  and  vegetables  by  truck  from  western 
New  York  are  made  to  points  within  western  New  York  itself  or  the  northern  part  of 
Pennsylvania.  A  small  quantity  of  peas  and  lettuce  was  trucked  to  distant  cities  In 
1928  and  1929.  Motor-truck  shipments  from  the  Cumberland-Shenandoah  fruit  sec- 
tion were  mainly  to  Baltimore,  Washington,  and  west-central  Pennsylvania. 

In  western  Maryland  19  per  cent  of  the  apple  shipments  were  esti- 
mated to  have  been  by  motor  truck  and  44  per  cent  of  the  peach  ship- 
ments. (Table  12.)  Cumberland  and  Hancock  lie  on  National  High- 
way 40,  in  the  path  of  heavy  traffic,  and  with  markets  within  trucking 
range,  have  a  heavy  volume  of  truck  distribution.  From  this  dis- 
trict apples  and  peaches  are  trucked  95  miles  to  Altoona,  56  miles 
to  Bedford,  102  miles  to  Uniontown,  122  miles  to  Johnstown,  and 
100  miles  to  Baltimore  and  Washington,  as  well  as  to  other  towns 
in  a  fan-shaped  territory  northwest  and  east.  Considerable  quanti- 
ties of  fruit  are  sold  near  Hancock  from  roadside  stands.  From  the 
district  east  of  Hagerstown,  including  Chewsville  and  Smithburg, 
there  is  a  considerable  movement  of  apples  and  peaches  to  Baltimore, 
Washington,  and  near-by  towns. 

No  direct  railroad  connections  exist  from  western  Maryland  to 
certain  desirable  small  markets  in  West  Virginia  and  Pennsylvania. 
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The  motor  truck  is  used  to  find  these  isolated  markets  in  the  coal 
belt  for  low-grade  peaches  and  apples,  where  they  sell  at  higher 
prices  than  the  same  quality  brings  in  city  markets. 

Several  truckmen  make  regular  circuits  up  the  highway  from  Bal- 
timore to  Cumberland  and  return  by  way  of  Pennsylvania  points, 
hauling  produce  both  ways  when  it  is  available.  Two  small  truck- 
man carriers  operated  from  Chewsville  to  Baltimore. 

A  majority  of  the  western  Maryland  growers  expected  to  increase 
motor-truck  distribution. 

The  estimated  truck  shipments  of  apples,  peaches,  and  potatoes 
from  Adams  County  was  14  per  cent  of  the  total  shipments  for  the 
county  in  1928,  from  Franklin  County  16  per  cent,  and  from  York 
County  (apples  and  peaches  only)  61  per  cent.  The  differences  are 
accounted  for  by  the  proximity  of  markets  and  quantity  of  produc- 
tion. Because  the  city  of  York  is  in  York  County  and  Harrisburg, 
Lancaster,  and  Baltimore  are  within  easy  trucking  distance,  the  per- 
centage movement  from  York  County  by  motor  truck  is  large. 
Franklin  County  is  admirably  located  to  furnish  the  coal  belt  of 
central-western  Pennsylvania  with  peaches. 

The  leading  markets  for  motor-truck  shipments  from  these  three 
counties  were  Baltimore,  Washington,  York,  Harrisburg,  Altoona, 
Johnstown,  Lancaster,  Carlisle,  Reading,  Scranton,  and  Philadel- 
phia. Distances  range  up  to  an  extreme  of  155  miles,  but  generally 
the  movement  is  within  50  to  100  miles.  Growers  in  York  and  Adams 
Counties  sell  a  considerable  quantity  of  fruits  and  vegetables  on  the 
farmers'  market  in  Baltimore  and  to  dealers  in  York,  Washington, 
and  Harrisburg. 

A  large  producing  unit  in  Adams  County  distributed  apples  by 
motor  truck  as  a  slack-time  job.  It  was  stated  that  trucks  were  neces- 
sary for  orchard  work,  and  inasmuch  as  it  was  desirable  to  employ  a 
certain  number  of  experienced  men  during  the  entire  year,  distribu- 
tion by  motor  truck  from  cold  storage  during  the  winter  was  a  means 
of  keeping  men  and  equipment  busy. 

About  50  per  cent  of  the  growers  interviewed  in  this  district  stated 
that  they  had  increased  their  sales  at  the  farm  as  a  result  of  motor- 
truck traffic. 

The  long-distance  motor-truck  movement  (beyond  20  miles)  in  this 
area  has  largely  developed  since  1924.  From  1928  to  1929  the  in- 
crease in  motor-truck  distribution  was  about  10  per  cent  in  Adams 
and  York  Counties  and  25  per  cent  in  Franklin  Countv.  Statements 
of  growers  and  shippers  indicate  a  slightly  upward  future  trend. 

NEW    JERSEY 

Not  only  are  fruits  and  vegetables  major  factors  in  the  agriculture 
of  New  Jersey,  but  large  and  numerous  consuming  markets  are  within 
the  motor-truck  area.  Within  a  few  hundred  miles  lies  most  of  the 
heavily  populated  North  Atlantic  seaboard.  As  might  be  expected, 
therefore,  the  volume  of  New  Jersey  fruits  and  vegetables  marketed 
by  truck  is  very  large.  From  the  eight  commercially  important 
counties  which  lie,  roughly,  out  of  the  market-garden  areas  of  New 
York  City  and  Philadelphia,  12,851  cars  of  fruits  and  vegetables 
were  shipped  by  rail  in  1928,  as  compared  with  25,948  cars,  or  67  per 
cent,  which  it  is  estimated  were  shipped  by  motor  truck.    This  rep- 
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resents  approximately  the  displacement  of  rail  shipments  by  motor- 
truck shipments.     ( 'Table  13.) 

Table   13. — Railroad   and-  estimated  motor-trwok   shipments   of  commercially 
important  fruits  and  vegetahles  from  certain  New  Jersey  counties,  1928  ^ 


County 

Apples 

Asparagus 

Beans, 

string 

Berries  2 

Cabbage 

Rail 

Truck 

RaU 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Atlantic       

Cars 

0 

98 

73 

106 

Cars 

10 

573 

158 

249 

Cars 

0 

0 

34 

0 

Cars 

--- 

78 
400 

Cars 

4 

5 

98 

1 

Cars 
20 
175 
110 

288 

Cars 

0 

0 

186 

0 

Cars 

179 

8 

253 

Cars 
4 
0 
33 

5 

Cars 
9 

Burlington 

Cumberland 

Gloucester 

48 
25 

Mercer  ' 

Middlesex 

0 
4 
0 

'"'765' 
20 

0 
0 
0 

- - 

60 
70 

0 
0 

29' 
48 

0 
0 
0 

46' 
50 

0 
0 
0 

Monmouth 

Salem 

Total 

281 

1,  775 

34 

624 

109 

670 

186 

536 

42 

82 

County 

Cantaloupes 

Carrots 

Celery 

Cherries 

Corii,  green  * 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Atlantic     

Cars 
0 
0 
9 

4 

Cars 

io' 

4 
127 

Cars 
3 
0 
63 

1 

Cars 
3 

79' 

3 

Cars 
0 
0 
13 
0 

Cars 
65' 

Cars 
0 
0 
0 
0 

Cars 

Cars 

Cars 

Burlington 

47 

510 

Curnberland 

Gloucester 

Mercer  3 

Middlesex 

0. 
0 
0 

0 

1 
0 

""i75" 
75 

0 
0 
0 

0 
0 
0 

Monmouth 

396 

Salem 

100 

Total 

13 

141 

68 

335 

13 

65 

0 

47 

1,006 

County 

Cranberries 

Cucumbers 

Eggplant 

Grapes 

Lettuce 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Atlantic     ... 

Cars 

44 

261 

2 

0 

Cars 
1 

2' 

Cars 

287 

0 

25 

58 

Cars 

""'294' 
25 
108 

Cars 
0 
0 
0 
0 

Cars 
8O' 

Cars 
0 
1 
0 
0 

Cars 

1 

30 

Cars 

3 

0 

140 

0 

Cars 
3 

Burlington 

Cumberland 

Gloucester 

250 

Mercer  3 

Middlesex 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

25' 

0 
0 
0 

Monmouth 

Salem 

60 

Total 

309 

3 

370 

427 

0 

80 

1 

56 

143 

313 

1  Exclusive  of  counties  within  wagon-haul  distance,  or  about  20  miles,  of  New  York  and  Philadelphia, 
and  those  of  relatively  small  production. 

2  Rail  shipments  shown  under  berries  are  strawberries  only.    However,  the  car-lot  rail  movement  of 
other  berries  such  as  blackberries  and  raspberries  from  New  Jersey  is  probably  small. 

3  Data  were  not  available  for  estimates  of  motor-truck  shipments  of  minor  com^nodities. 
*  Rail  shipments  of  green  corn  were  not  reported. 
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Table  13. — Railroad  and  estimated  motor-truck  shipments  of  commercially  im- 
pwtant  fruits  and  vegetables  from  certain  New  Jersey  counties,  1928 — Con. 


County 

Mixed  vege- 
tables « 

Onions 

Peaches 

Pears 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Atlantic                         

Cars 

257 

0 

1,929 

442 

0 

0 

28 

137 

Cars 

328 

74 

2,175 

1,396 

160 

"i,'228' 
752 

Cars 

0 

0 

317 

13 

Cars 

'"'lu' 

36 

Cars 
2 

iJ 
19 

Cars 

91 

75 

140 

331 

Cars 
0 
0 
0 
2 

Cars 

Burlington 

80 

Cumberland      ..    .. 

Gloucester 

33 

Mercer  3 

Middlesex....                            

0 
0 
0 

.'."'".'. 

0 
0 
0 

""'224' 
15 

0 
0 
0 

Monmouth 

30 

Salem... 

Total 

2,793 

6,113 

330 

153 

41 

876 

2 

143 

Coimty 

Peas,  green 

Peppers 

Potatoes 

Spinach 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Atlantic 

Cars 
4 
0 

28 
6 

Cars 
36 
97 
43 
62 

Cars 

360 

0 

206 

175 

Cars 
360 

"""211' 
241 

Cars 

0 

4 

458 

0 

1,434 

1,013 

2,063 

429 

Cars 

69' 
260 

"i,"434" 

749 

1,814 

1,600 

Cars 

0 

0 

41 

0 

Cars 

Burlington 

Cumberland               .     .. 

53 

Gloucester 

Mercer  3          ..      

Middlesex 

0 
0 
0 

....... 



0 
0 

7 

"'"295' 

0 
0 
2 

Monmouth .     ... . 

465 

18 

Total       .           .... 

38 

238 

748 

1,107 

6,401 

5,926 

43 

536 

County 

Sweetpotatoes 

Tomatoes 

Turnips 

Watermelons 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Atlantic 

Cars 

144 

0 

173 

868 

Cars 
231 

"""338' 
1,008 

Cars 

0 

0 

29 

157 

129 

0 

210 

1 

Cars 

'"'hbi' 

80 

573 

75 

""723" 
690 

Cars 
0 
6 
23 
28 

Cars 

26' 
23 
31 

Cars 
0 
0 
0 

7 

Cars 

Burlington      

Cumberland 

Gloucester. ... 

15 

Mercer  ^ 

Middlesex 

0 

0 

100 

is' 

289 

0 
1 
0 

0 
0 
10 

Monmouth                  ...      ... 

Salem 

75 

Total 

1,285 

1,884 

526 

2,648 

58            74 

17 

90 

3  Data  were  not  available  for  estimates  of  motor-truck  shipments  of  minor  commodities. 
5  Shipments  of  mixed  vegetables  shown  imder  "truck"  includes  some  full-truck  loads  of  various  vege- 
tables listed  in  table. 

But  if  the  market-garden  supplies  and  other  consignments  of 
fruits  and  vegetables  shipped  less  than  20  miles  by  truck  are  in- 
cluded, the  figure  is  much  larger.  In  1928,  it  was  estimated  that 
79.8  per  cent  of  all  New  Jersey  fruits  and  vegetables  went  to  market 
by  motor  truck.^ 

In  Camden  County,  adjacent  to  Philadelphia,  and  Bergen,  Pas- 
saic, and  other  counties  adjacent  to  the  New  York  City  metropolitan 
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area,  a  large  volume  of  specialty  and  market-garden  green  vegeta- 
bles are  produced  partly  for  the  foreign-born  population  and  sold 
on  the  farmers'  markets  by  gardeners.  In  the  commercially  impor- 
tant producing  areas  in  the  central  and  southern  part  of  the  State 
shipping  by  truck  has  grown  rapidly  since  the  war,  and  especially 
since  about  1925. 

Motor-truck  unloads  at  New  York  City  from  New  Jersey  for  the 
year  March,  1929,  to  March,  1930,  were' 14,343  cars,  while  Newark 
received  7,989  cars  in  1929  from  New  Jersey.  These  figures  include 
market-garden  receipts.  Estimates  of  695  New  Jersey  growers  in- 
dicate that  somewhat  more  than  one-half  of  New  Jersey  motor- 
truck shipments  went  to  these  two  cities.  Philadelphia  received 
the  major  portion  of  the  remainder;  some,  however,  went  to  Atlantic 
City,  Baltimore,  Washington,  Paterson,  New  Haven,  Boston,  and 
smaller  markets. 

In  the  New  York  City  motor-truck  territory,  of  940  growers  inter- 
viewed, 342  stated  that  all  of  their  products  were  going  to  market 
by  truck,  356  planned  to  make  greater  use  of  the  truck  in  the  future, 
and  242  planned  to  make  the  same  or  less  use  of  truck  transporta- 
tion. It  seems  apparent  that  the  rapid  growth  of  motor-truck  ship- 
ping in  New  Jersey  will  continue  at  a  lesser  rate  of  gain  unless 
new  factors  arise.  Improved  facilities  and  service  have  been  inau- 
gurated by  railroads  at  some  New  Jersey  points,  notably  at 
Cedarville. 

NEW  YORK,  HUDSON  VALLEY 

In  Orange  County,  N.  Y.,  there  is  extensive  production  of  muck- 
land  vegetables,  notably  onions,  lettuce,  celery,  and  leafy  crops. 
Along  the  banks  of  the  Hudson  from  Newburgh  to  Albany  County 
is  an  area  of  extensive  production  of  fruit,  berries,  and  some  toma- 
toes and  mushrooms.  In  the  Catskills  is  an  area  of  commercial 
production  of  cauliflower  and  Brussels  sprouts,  centering  at 
Margaretsville. 

The  total  rail  and  boat  shipments  from  the  Hudson  Valley  region 
in  1928  were  2,689  cars,  as  compared  with  5,429  cars,  or  67  per  cent, 
shipped  by  truck,  exclusive  of  local  movements.  Apples  led  the  list 
in  truck  shipments  with  2,337  cars,  followed  in  order  by  pears, 
grapes,  onions,  lettuce,  and  strawberries.  (Table  14.)  In  percent- 
age shipped  by  truck,  apples  were  lowest,  and  of  such  commodities 
as  lettuce,  celery,  strawberries,  and  peaches  a  much  higher  percent- 
age moved  by  truck.     (Table  14.) 
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Table  14. — Railroad,  boat,  and  estimated  motor-truck  shipments  of  fruits  and 
vegetables  from  important  producing  cownties  in  the  Hudson  Valley,  N.  Y., 
1928  crop  ' 


County 

Apples 

Brussels 
sprouts 

Cauliflower 

Celery 

Grapes 

Lettuce 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Columbia 

Delaware.. 

Dutchess 

Greene 

Cars 
962 
6 
436 
239 
33 
167 

Cars 
604 

'"508" 
161 
369 
795 

Cars 
0 
13 
0 
0 
0 
0 

Cars 

""so 

Cars 
0 
54 
0 
0 
0 
0 

Cars. 

""m 

Cars 
0 
0 
0 
0 
4 
0 

Cars 

""m 

Cars 
39 
0 
6 
0 
4 
110 

Cars 
74 

""86' 
34 
36 

292 

Cars 
0 
0 
0 
0 
0 
0 

Cars 

Orange 

265 

Ulster 

Total 

1,833 

2,337 

13 

30 

54 

105 

4 

171 

159 

622 

0 

265 

County 

Miscellaneous 

Onions 

Peaches 

Pears 

Strawberries 

Tomatoes 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Columbia 

Delaware 

Dutchess 

Greene 

Cars 
26 
2 
3 
0 
1 
10 

Cars 

100 

1 

35 

5 

67 

73 

Cars 
0 
0 
0 
0 
141 
2 

Cars 

■"lis" 

0 

Cars 
0 
0 
0 
0 
2 
19 

Cars 
19 

"■"24' 
25 
49 

Cars 

111 

0 

27 

134 

6 

19 

Cars 
335 

"ios' 

83 
20 
170 

Cars 
1 
0 
9 
0 
0 
23 

Cars 
40 

----- 

""m 

Cars 
0 
0 
0 
0 
14 
77 

Cars 
3 

Orange- 

56 

Ulster 

116 

Total 

42 

281 

143 

618 

21 

117 

296 

716 

33 

192 

91 

175 

1  Motor-truck  shipments  are  long  distance  only,  that  is,  local  draying,  market-garden  production,  and 
movements  to  canning  factories  are  not  included,  except  40  cars  of  currants  from  Ulster  County  to  jeUy 
factories  at  Brooklyn.  These  counties  constitute  the  main  motor-truck  area  tributary  to  New  York  in 
the  Hudson  Valley,  although  some  truck  shipments  are  made  from  Albany  to  New  York.  Boat  shipments 
are  included  under  the  columns  headed  "  RaU." 


The  fruit  belt  of  the  Hudson  is  served  both  by  boat  and  rail. 
The  boat  lines  have  tried  pick-up  trucks  which  make  the  rounds  of 
farms  and  assemble  fruit  at  the  wharves,  and  the  railroads  have 
established  faster  service  to  New  York  City,  but  the  relative  short 
distances  to  New  York  City,  Newark,  and  Albany,  coupled  with  the 
high  cartage  charges  in  New  York  City,  have  resulted  in  constantly 
increasing  recourse  to  trucks  for  transportation.  The  cities  named 
receive  nearly  all  of  the  motor-truck  shipments,  but  in  the  last  few 
years  trucking  to  Philadelphia,  and  to  New  England  cities  via  the 
Bear  Mountain  Bridge  and  northern  routes  has  occurred  in  small 
but  increasing  volume.  Boston  has  been  the  most  distant  destina- 
tion. Numerous  cold-storage  plants  in  the  fruit  sections,  many  of 
them  established  in  recent  years,  have  favored  carrier-trucking  by 
prolonging  the  trucking  season  throughout  the  fall  and  winter. 
Intentions  as  to  future  truck  shipments  stated  by  349  growers  were 
as  follows :  143  expected  to  increase  their  use,  120  were  making  full 
use  then,  and  86  expected  to  make  the  same  or  less  use  of  them. 

NEW    YORK,    LONG    ISLAND 

Farming  in  Nassau  County,  adjacent  to  Brooklyn  and  Queens, 
is  devoted  largely  to  market  gardening.  Production  runs  largely 
to  bunch  and  leafy  vegetables,  particularly  for  the  special  demands 
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of  racial  elements,  although  a  large  quantity  of  cabbage,  green  corn, 
potatoes,  and  tomatoes  are  also  produced.  A  major  portion  of  the 
production  is  marketed  on  the  farmers'  markets,  principally  Harlem 
and  Wallabout.  No  car-lot  rail  shipments  were  reported  from  this 
county  in  1929. 

In  the  central  part  of  the  island  production  is  light,  but  on  the 
eastern  end,  in  Suffolk  County  there  is  heavy  commercial  production 
of  potatoes,  cauliflower,  Brussels  sprouts,  and  some  miscellaneous 
items.  In  Suffolk  County  about  10  per  cent  of  the  potatoes,  85 
per  cent  of  the  cauliflower  and  Brussels  sprouts,  and  about  98  per  cent 
of  the  other  products  were  estimated  to  have  been  shipped  to  mar- 
ket by  truck.  These  truck  shipments  of  Suffolk  County  represent 
approximately  the  displacement  of  rail  shipments  of  fruits  and 
vegetables  from  Long  Island. 

Considering  Long  Island  as  a  whole  (including  market-garden 
production),  6,418  cars  were  shipped  by  rail  in  1929,  and  according 
to  market  receipts  reported  in  New  York  City  and  Newark,  13,484 
cars  moved  to  market  by  motor  truck.  Miscellaneous  products  ac- 
counted for  5,290  cars  by  truck,  followed  by  potatoes,  tomatoes, 
green  corn,  cabbage,  cauliflower,  beets,  and  carrots.     (Table  15.) 

Table  15. — Railroad  and  motor-truck  shipment  of  principal  fruits  and  vegetables 

from  Long  Island,  1929  * 


County 

Beets 

Brussels 
sprouts 

Beans, 
string 

Carrots 

Cabbage 

Celery 

RaU 

Truck 

Rail 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Nassau  and  Suffolk  . 

Cars 
0 

Cars 
657 

Cars 
0 

Cars 
202 

Cars 
0 

Cars 
418 

Cars 
0 

Cars 
687 

Cars 
0 

Cars 
715 

Cars 
0 

Cars 
411 

County 

Cauliflower 

Corn 

Miscel- 
laneous 

Potatoes 

Spinach 

Tomatoes 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

RaU 

Truck 

Nassau  and  Suffolk. 

Cars 
200 

Cars 
665 

Cars 
0 

Cars 

787 

Cars 

1 

Cars 
5,290 

Cars 
6,217 

Cars 
2,157 

Cars 
0 

Cars 
492 

Cars 
0 

Cars 
1,103 

1  Motor-truck  shipments  were  calculated  from  receipts  at  New  York  City  jobbing  and  farmers'  markets. 
Market-garden  supplies  from  Nassau  County  are  included. 

Approximately  99  per  cent  of  the  motor-truck  movement  from 
Long  Island  goes  into  the  New  York  City  metropolitan  area,  and 
about  1  per  cent  to  Philadelphia,  according  to  estimates  of  growers. 

It  appears  from  statements  of  growers  and  shippers  that  little 
further  increase  in  motor-truck  shipping  from  Long  Island  is  prob- 
able except  as  production  increases.  Practically  all  shipments 
destined  to  New  York  City  are  made  by  motor  truck,  with  the  excep- 
tion of  potatoes  from  the  eastern  end  of  Long  Island.  Truckmen 
have  not  found  the  trucking  of  potatoes  profitable  from  the  Suffolk 
potato  field,  except  for  filling  up  part  loads  of  other  products. 
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NEW    YORK,    WESTERN 

The  section  called  New  York,  western,  in  this  study  embraces  the 
21  commercially  important  producing  counties  of  western  New 
York.  The  information  pertains  to  1928  crops  and  includes  ship- 
ments of  these  crops  made  in  the  first  half  of  1929. 

In  the  area  and  for  the  time  defined  44,244  cars  of  fruits  and  vege- 
tables were  shipped  by  railroad,  as  compared  with  10,605  car-lot 
equivalents,  or  19  per  cent,  estimated  to  have  been  shipped  by  truck. 

Over  20  fruits  and  vegetables  are  grow^n  on  a  commercial  scale  in 
this  section.  In  addition  to  the  production  for  market  included  in 
the  foregoing  there  is  a  large  production  for  factory  use  that  is  not 
included.  The  estimated  percentage  of  motor-truck  movements  to 
market  of  important  fruits  and  vegetables  were:  Potatoes,  56; 
peaches,  32;  grapes,  24;  tomatoes,  13;  apples,  11;  pears,  11;  onions, 
lO;  lettuce,  9;  celery,  8;  cabbage,  4;  and  carrots,  4.  Of  the  less  im- 
portant commodities  the  percentages  moved  by  motor  truck  were: 
Plums  and  prunes,  28;  cauliflower,  23;  spinach,  11;  strawberries, 
10;  beans,  8;  turnips,  7;  cucumbers,  6;  and  peas,  6.     (Table  16.) 

Table  16. — Railroad  and  estimated  motor-truck  shipments  of  fruits  and  vege- 
tables from  principal  western  New  York  counties,  1928  crop  ^ 


Apples 

Cabbage 

Carrots 

Celery 

Cucumbers 

Grapes 

Lettuce 

County 

1. 

s 

^ 

■3 

H 

1 

^ 

« 

Allegany 

Cayuga 

Chautauqua. 

Cortland 

Erie 

Cars 

0 

42 

29 

1 

1 

365 

70 

0 

1,185 

2,600 

0 

843 

2,904 

31 

27 

103 

15 

35 

1,722 

248 

243 

Cars 
...... 

19 

""22" 
14 

"128" 
381 

""'69" 
180 
14 
44 
39 

ii 

385 
10 
36 

Cars 

0 

270 

5 

558 

2 

427 

353 

151 

1,375 

251 

1,481 

2,025 

469 

14 

0 

24 

6 

190 

617 

2 

167 

Cars 

20 
6 

""123' 
7 
4 

60 
26 
16 
40 
10 
3 

-w 

30 

17 

...... 

Cars 

^   0 

8 

5 

0 

0 

26 

0 

12 

230 

\ 

120 
44 
68 
0 
0 
0 
0 

934 
0 
9 

Cars 
...... 

"(Y)" 
...... 

17 

...... 

'"(?)" 

1 

"""36" 

i 

Cars 

0 

2 

0 

0 

0 

0 

51 

14 

307 

2 

6 

114 

11 

186 

0 

2 

36 

0 

3,443 

0 

0 

Cars 

"""92" 
""109' 

"""31" 
21 
32 

"""13" 

'"'7i" 

.... 

Cars 
0 
0 
0 
0 
50 
5 
0 
1 

218 

92 

0 

31 

308 

160 
0 
0 
0 
0 

100 
0 
0 

Cars 

""lb 

"""io" 

5 

...... 

22 

4 

Cars 

0 

0 

2,460 

0 

126 

0 

0 

0 

9 

113 

0 

40 

10 

0 

141 

109 

164 

0 

I 

302 

Cars 

■-W 

177 

...... 

135 

"""63" 
23 

"""60" 
41 
16 

"370' 

Cars 
0 
0 
0 
0 
0 
1,128 
0 
58 
15 
6 
0 
0 
86 
1,535 
0 
0 
0 
0 
295 
0 
0 

Cars 

Genesee 

Livingston... 

Madison 

Monroe 

Niagara 

Onondaga 

Ontario 

Orleans 

Oswego 

Schuyler 

Seneca 

Steuben 

Tompkins 

Wayne 

Wyoming.  .. 
Yates 

113 

"'"'66 
51 

7 

16 

"'"si 

Total- - 

10,464 

1,360 

8,387 

373 

1,460 

67 

4,174 

370 

965 

61 

3,481 

1,091 

3,123 

304 

1  Motor-truck  shipments  are  to  consuming  markets  and  are  exclusive  of  market-garden  and  local  move- 
ments, shipments  to  factories  and  storage,  and  reshipments  from  Syracuse.  Shipments  of  1928  crops  up  to 
July,  1929  are  included, 

2  Unknown  but  small. 
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Table  16. — Railroad  and  estimated  motor-truck  sMpments  of  fruits  and  vege- 
tables from  principal  western  New  York  counties,  1928  crop- — Continued 


County 

Onions 

Peaches 

Pears 

Peas 

Potatoes 

Tomatoes 

Miscellane- 
ous 

t 

1 

1 

=3 

1 

-g 

3 

^ 

1 

=5 

s 

M 

Allegany 

Cayuga 

Chautauqua.. 

Cortland 

Erie 

Cars 

0 

13 

0 

0 

0 

215 

8 

956 

22 

10 

28 

6 

122 

46 

0 

0 

1 

0 

327 

0 

0 

Cars 
...... 

'"26" 

45 
43 

""2 

31 

2 

'"'l' 

"Is 

Cars 
0 
0 
4 
0 
3 
0 
0 
0 
234 
890 
0 
10 
513 
0 
8 
8 
0 
0 
53 
0 
0 

Cars 
"22' 

"'ill" 

294 

"""67" 
91 

"  "27" 
40 

""158" 

Cars 

0 

19 

0 

0 

0 

110 

1 

0 

247 

197 

0 

198 

240 

34 

4 

22 

2 

5 

147 

6 

61 

Cars 

""15 

59 

...... 

16 
5 

"(2)" 

""si" 
'26" 

Cars 
5 
0 
13 
0 

137 
0 
0 

410 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Cars 
"  "20' 

Cars 

567 

60 

0 

90 

6 

65 

204 

21 

209 

1 

122 

440 

1 

22 

44 

0 

1,843 

60 

131 

263 

12 

Cars 
126 
59 
13 
151 

31,211 

399 
412 

48 
744 
(') 
521 
649 

28 
143 
190 

"301" 
70 

248 
72 
14 

Cars 

0 

0 

768 

0 

40 

19 

0 

0 

63 

89 

0 

0 

33 

0 

0 

0 

0 

0 

3 

0 

0 

Cars 

'"m 
""io' 

7 
...... 

...... 

Cars 

0 

2 

1 

0 

219 

59 

16 

19 

78 

262 

14 

77 

253 

312 

0 

0 

1 

0 

357 

0 

9 

Cars 
44 

Genesee 

Livingston 

Madison 

Monroe 

Niagara 

Onondaga 

Ontario 

Orleans 

Oswego .- 

Schuyler 

Seneca 

Steuben 

Tompkins 

Wayne 

Wyoming 

Yates... 

4 

75 

""'46 
7 
6 

"(7)-- 

""u 

19 

Total- -- 

1,754 

195 

1,723 

810 

1,293 

157 

565 

38 

4,161 

5,399 

1,015 

154 

1,679 

226 

» Unknown  but  small. 

3  Estimated  by  comparisons  with  the  1925  census. 

These  great  variations  in  percentages  are  due  chiefly  to  the  relative 
volume  of  production  and  the  consumptive  demand  within  the  motor- 
truck area  for  the  various  commodities. 

The  outstanding  development  in  this  section  is  the  distribution  of 
potatoes,  of  which  5,399  cars  of  the  1928  crop  were  shipped  by  motor 
truck.  Thus  over  one-half  of  the  truck  movement  of  fruits  and  vege- 
tables consisted  of  potatoes — a  heavy,  low-freight-rate  commodity, 
but  one  which  the  "  trucker  "  can  merchandise  easily  and  in  quantity. 
Excluding  potatoes,  a  little  less  than  12  per  cent  of  the  total  1928 
distribution  of  western  New  York  fruits  and  vegetables  to  consuming 
markets,  not  considering  market-garden  or  factory  stock,  was  by 
motor  truck.  Including  factory  products  moving  more  than  15  miles, 
the  total  truck  movement  in  western  New  York  was  estimated  as 
about  22  per  cent  of  the  total  shipments. 

The  population  of  the  21  counties  included  in  this  study  in  w^estern 
New  York  was  2,406,410,  according  to  preliminary  figures  of  the  1930 
census.  Several  other  populous  counties  lie  adjacent  to  the  produc- 
ing area.  The  many  cities  and  towns  are  so  distributed  over  the 
territory  that  most  of  their  needs  for  w^estern  New  York  produce 
can  be  supplied  with  short  or  intermediate  hauls  by  motor  truck,  and 
since  they  are  already  well  supplied,  but  little  increase  is  possible 
within  the  territory  except  as  population  and  production  change. 

The  major  portion  of  the  motor-truck  shipments  of  fruits  and 
vegetables  were  within  western  New  York  itself  and  the  northern 
part  of  Pennsylvania.     (Fig.  3.) 

Of  the  1,360  cars  of  apples  trucked  to  market,  445  went  to  Buffalo, 
167  to  Rochester,  217  to  Syracuse,  and  the  remainder  to  a  great  many 
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small  markets  in  the  southern  tier  of  counties,  northern  New  York, 
and  northern  Pennsylvania,  according  to  estimates  of  growers  and 
shippers.     (Table  17^.) 

Table:  17. — Destinations  of  estimated  motor-tnicJc  shipments  of  apples,  celery, 
grapes,  peaches,  and  potatoes  in  western  New  York,  1928  crop 


Destination 

Apples 

Celery 

Grapes 

Peaches 

Potatoes 

Buffalo 

Cars 
445 
167 
217 
60 
76 
63 

Cars 
170 
122 
54 

Cars 
305 
183 
175 

Cars 
239 
117 
119 

Cars 
1  723 

Rochester 

1,433 
986 

Syracuse. _      _  .  . 

Binghamton .    .. 

128 

Elmira    

208 

Utica 

134 

2 
0 
0 
22 

156 
17 
15 

240 

105 
39 
24 

167 

Ohio  cities  2.  _ .. 

Watertown  3 -.. 

others  < 

342 

787 

Total - 

1,360 

370 

1,091 

810 

5,399 

1  Leading  Pennsylvania  markets  are:  Erie,  Scranton,  Sayre,  Williamsport,  Sunbury,  Du  Bois,  Wairen, 
Bradford,  Towanda,  Oil  City,  and  Franklin. 

2  Principally  Cleveland  and  Youngstown. 

3  Including  Alexandria  Bay  and  the  Adirondacks. 

*  Leading  markets  under  others  are:   Rome,  Lockport,  Oneida,  Erie,  Niagara  Falls,  Geneva,  Ithaca, 
Corning,  Hornell,  Scranton,  Albany,  and  Owego. 

According  to  these  estimates,  Buffalo  received  1,723  cars  of  pota- 
toes by  truck;  Rochester,  1,433  cars;  Syracuse,  986  cars;  and  the 
remaining  1,257  cars  went  to  a  large  number  of  smaller  markets, 
particularly  down  the  Mohawk  Valley  to  Albany. 

Peaches  had  a  wider  truck  distribution  than  the  foregoing. 
Whereas,  according  to  estimates,  Buffalo  received  239  cars;  Roches- 
ter, 117  cars;  and  Syracuse,  119  cars;  more  distant  markets  in 
Pennsylvania  received  105  cars;  Ohio  cities,  39  cars;  Watertown, 
24  cars ;  and  other  markets,  167  cars. 

The  distribution  of  grapes  by  truck  was  somewhat  larger  than 
that  of  peaches,  but  the  destinations  correspond  rather  closely. 

Trucked  celery  went  mostly  to  the  larger  cities,  since  it  had  to  be 
trimmed  and  washed  before  being  distributed  to  retailers.  Buffalo 
was  estimated  to  have  received  170  cars  by  truck;  Rochester,  122 
cars ;  Syracuse,  54 ;  and  other  markets,  24  cars. 

New  developments  in  long-distance  trucking  of  lettuce,  celery, 
l^eas,  early  cabbage,  and  tomatoes  occurred  in  1928  and  1929,  lettuce 
going  as  far  as  Baltimore,  peas  as  far  as  Boston,  and  tomatoes  to 
Pittsburgh.  Trucking  of  potatoes  from  counties  relatively  far  from 
principal  markets,  such  as  Steuben,  Allegany,  and  Wyoming  Coun- 
ties, reached  the  peak  in  1927  and  has  declined  since.  Many  members 
of  the  trade  believe  that  this  long-distance  trucking  of  potatoes  has 
not  been  profitable.  • 

The  average  increase  in  motor-truck  transportation  of  fruits  and 
vegetables  to  market  in  western  New  York  amounted  to  less  than 
20  per  cent  from  1928  to  1929,  and  to  about  150  per  cent  from  1925 
to  1928,  according  to  estimates  of  truckmen,  dealers,  and  growers. 
In  1929  the  future  indicated  trend  of  2  counties  was  downward,  little 
change  was  indicated  in  12  counties — it  varied  as  crops  and  prices 
varied,  but  on  an  average  did  not  increase — and  an  upward  trend 
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was  indicated  in  8  counties.     The  general  trend  for  western  New 
York  was  indicated  as  slightly  upward. 

Growers  were  asked  if  they  did  or  did  not  intend  to  make  greater 
use  of  truck  transportation  in  the  future.  In  western  New  York 
20  per  cent  expected  to  make  greater  use  of  trucks,  whereas  80  per 
cent  expected  to  make  no  greater  use  of  them  as  a  means  of 
distribution. 

CONNECTICUT    AND    MASSACHUSETTS 

Considerable  fruit  and  some  beans  and  miscellaneous  vegetables 
are  produced  for  market  in  Connecticut.  It  is  probable  that  Con- 
necticut uses  more  apples  than  are  produced  in  the  State.  If  the 
crop  were  stored  and  evenly  distributed  over  the  State,  there  would 
probably  be  none  for  interstate  trade.  Although  the  bulk  of  the 
commercial  apple  production  is  consumed  in  Connecticut  cities,  esti- 
mates indicate  that  about  10  per  cent  of  the  commercial  production 
is  shipped  out  of  the  State. 

The  manner  of  distribution  and  destinations  vary  widely  in  the  sev- 
eral sections  of  the  State.  Motor-truck  movements  from  the  north- 
east section  go  mainly  to  Providence,  Worcester,  Boston,  and  local 
markets.  The  Windham  fruit  is  consumed  mainly  by  surrounding 
towns.  The  peaches,  pears,  and  apples  of  the  central  district  go  in 
all  directions  and  in  many  ways,  with  the  largest  share  taken  by 
truck  to  New  Haven,  Hartford,  and  Springfield,  Mass.  From  the 
several  large  orchards  in  the  western  part  of  the  State,  the  fruit  goes 
to  New  York  City,  Stamford,  and  Bridgeport,  or  is  sold  from  road- 
side stands. 

Near  New  Haven  there  is  some  overflow  production  of  market- 
garden  vegetables  as  well  as  commercial  production  of  beans,  straw- 
berries, and  green  corn.  The  surplus  is  shipped  by  rail  or  truck  to 
Boston  and  New  York  City. 

Since  only  2  per  cent  of  the  population  of  Fairfield  and  New  Haven 
Counties  is  agricultural,  60  per  cent  of  the  production  of  beans  and 
strawberries  and  fully  95  per  cent  of  the  production  of  miscellaneous 
vegetables  is  consumed  near  by. 

Of  the  1928  commercial  movement  of  fruits  and  vegetables  in  Con- 
necticut, 71  cars  were  shipped  by  rail,  and  the  motor-truck  movement 
was  estimated  at  788  cars,  or  92  per  cent.  This  does  not  take  into 
account  the  production  for  local  use,  nor  the  great  number  of  small 
apple  orchards  of  500  trees  and  less,  most  of  which  are  not  well  cared 
for  and  do  not  produce  fruit  suitable  for  shipment  to  distant  markets. 
(Table  18.)  The  apple  shipments  were  41  cars  by  rail  and  about 
575  cars  by  truck,  and  those  of  peaches  were  2  cars  by  rail  and  140 
cars  by  truck. 
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Table  18. — Railroad  and  estimated  motor-truck  shipments  of  principal  fruits 
and  vegetahles  from  oommeroiai  producing  counties  in  Connecticut  and  west- 
ern Massachusetts,  1928^ 


Mixed 

Apples 

Beans 

vegetables 
and  mis- 

Onions 

Peaches 

Pears 

State  and  county 

cellaneous 

Rail 

Truck 

RaD 

Truck 

Rail 

Truck 

RaU 

Truck 

Rail 

Truck 

Rail 

Truck 

Connecticut: 

Fairfield 

Hartford 

Litchfield 

Middlesex 

New  Haven 

Windham 

Cars 
0 
0 
10 
0 
11 
20 

Cars 
100 
120 

40 
125 

90 
100 

Cars 
0 
0 
0 
0 
12 
0 

Cars 
....... 

Cars 
0 
0 
0 
0 
16 
0 

Cars 
""d6 

Cars 
0 
0 
0 
0 
0 
0 

Cars 

Cars 
0 
0 
0 
1 
1 
0 

Cars 
30 

45 

50 
5 

Cars 
0 
0 
0 
0 
0 
0 

Cars 
25 

Total-.. 

41 

575 

12 

12 

16 

36 

0 

2 

140 

0 

25 

Western  Massachu- 
setts: 
Franklin        

274 
39 

16 
53 

0 
0 

847 
1,015 

21 
73 

0 
0 

0 
0 

Hampshire 

Total 

313 

69 

0 

1,862 

94 

0 

0 

1  Local  consumption  and  shipments  to  near-by  points  Gess  than  20  miles)  are  not  included.  Practically 
all  of  the  motor-truck  shipments  in  western  Massachusetts  are  to  cities  within  the  section  on  intermediate 
hauls. 

There  are  practically  no  motor-truck  shipments  from  western 
Massachusetts  to  New  York  City,  and  few  to  Boston. 

Onions  and  apples  in  the  Connecticut  Valley  of  Massachusetts  move 
entirely  by  rail  except  to  near-by  cities.  Springfield  wholesalers 
take  loads  of  merchandise  into  the  area  and  return  with  a  truckload 
of  onions  for  their  trade.  Small  dealers  from  Hartford,  Worcester, 
and  other  industrial  towns  cart  onions  about,  jobbing  to  retailers 
and  restaurants.  The  motor-truck  movement  from  the  onion  area  is 
about  10  per  cent  from  the  southern  part,  5  per  cent  from  the  central, 
and  practically  nothing  from  the  northern  part.  Nearly  all  of  the 
onions  are  shipped  by  country  dealers  who  do  not  take  kindly  to  the 
motor-truck  method. 

In  1928  the  shipments  of  apples  and  onions  from  Franldin  and 
Hampshire  Counties  were:  Rail  2,175  cars,  truck  163  cars  (esti- 
mated), or  7  per  cent.     (Table  18.) 

A  new  enterprise  in  growing  asparagus  and  certain  other  crops 
for  the  Boston  market  for  transportation  by  truck  was  noted. 

SOUTHEASTERN  PENNSYLVANIA 

Mushroom  growing  is  a  major  endeavor  in  the  parts  of  Chester 
County  centering  at  Kennett  Square.  In  this  county,  and  in  out- 
posts of  the  industry  in  Delaware  County,  and  in  adjacent  counties  of 
Maryland,  Delaware,  and  New  Jersey  are  produced  the  major  part 
of  the  mushrooms  grown  under  cultivation  in  the  United  States. 

Shipments  of  mushrooms  from  Chester  and  Delaware  Counties  in 
1928  consisted  of  204  equivalent  cars  by  express  and  parcel  post  as 
compared  with  1,160  cars,  or  85  per  cent,  by  truck.     (Table  19.) 
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Table  19. — Railroad  and  estimated  motor-truch  shipments  of  mushrowns,  south- 
eastern Pennsylvania,  1928 


Origin 

Raili 

Truck 

Chester  and  Delaware  Counties                                                                    - 

Cars 
204 

Cars 
1,160 

1  Largely  by  express  and  parcel  post. 

The  distribution  of  these  truck  shipments  in  percentage  was  ap- 
proximately as  follows :  New  York  City,  78 ;  Philadelphia,  15 ;  Balti- 
more, 4;  and  Newark,  3. 

Four  truckman-carrier  companies  operated  50  trucks  for  this  trade, 
26  of  them  light  trucks  for  pick-up  service  from  the  mushroom  houses 
scattered  over  the  section,  and  24  larger  trucks  for  movement  to  city 
markets.  Express  rates  were  reduced  on  mushrooms  to  figures  below 
the  truck  rates  without  much  success  in  recouping  the  traffic  because 
the  growers  were  satisfied  with  the  truck  pick-up  service.  Winter  is 
the  busy  season  in  this  trade. ,  In  other  seasons  tomatoes,  potatoes, 
and  cut  flowers  furnish  some  tonnage  for  trucks. 

SOUTHERN  INDIANA  AND  SOUTHERN  ILLINOIS 

All  important  shipping  points  south  of  a  line  between  Quincy,  111., 
and  Richmond,  Ind.,  were  visited  in  collecting  information  on  truck 
shipments.  In  this  section  originate  all  of  the  Indiana  rail  shipments 
of  cantaloupes,  watermelons,  peaches,  strawberries,  fresh  tomatoes, 
and  sweetpotatoes,  and  all  of  the  Illinois  rail  shipments  of  apples, 
cantaloupes,  peaches,  strawberries,  watermelons,  peppers,  sweetpota- 
toes, and  spinach,  and  a  large  portion  of  some  other  crops. 

Personal  contacts  were  made  with  leading  growers,  dealers,  and 
truckmen.  At  each  shipping  point  these  men  were  asked  to  estimate 
the  volume  of  motor-truck  shipments  for  their  community.  Esti- 
mates were  thus  obtained  for  the  territory  in  which  originated  83 
per  cent  of  the  total  railroad  shipments  of  the  1928  crops  under  con- 
sideration in  the  two  States.  Records  of  the  actual  shipments  by  rail 
and  truck  were  obtained  from  growers  and  shippers  who  shipped  30 
per  cent  of  the  rail  movement  of  the  fruits  and  vegetables  under 
consideration  in  the  two  States  as  reported  to  the  United  States 
Department  of  Agriculture  by  railroads.  Actual  shipments  were 
checked  against  estimates  as  to  the  percentage  moving  by  rail  and 
motor  truck. 

Production  of  fruits  and  vegetables  for  market  in  southern  Indiana 
is  only  about  one-third  as  large  as  the  production  in  southern  Illi- 
nois. Indiana  production  is  in  closer  proximity  to  consuming  centers. 
In  view  of  these  facts  it  is  not  surprising  that  the  percentage  moved 
by  truck  in  Indiana  is  much  higher  than  in  Illinois.  Along  the 
Wabash  River  from  Terre  Haute  to  Evansville  lies  the  heaviest  pro- 
ducing territory  in  Indiana.  Production  is  more  widespread  in 
southern  Illinois.     (Figs.  4  to  7.) 

Illinois  has  a  close  network  of  concrete  State  roads  leading  to  all 
principal  markets.  Indiana  has  a  network  of  such  roads  leading 
to  Indianapolis  and  other  markets  with  the  exception  of  Cincinnati. 
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County  roads  throughout  the  territory  studied  were,  as  a  rule,  unim- 
proved or  rough. 

Motor-truck  transportation  (beyond  20  miles)  in  southern  Illinois 
and  southern  Indiana  has  developed  chiefly  since  1925.  A  char- 
acteristic of  the  use  of  the  truck  in  this  section  was  the  supplying 
of  rural  and  small-city  trade  by  wholesale  and  retail  peddling. 
Long-distance  trucking  of  75  miles  or  farther  to  primary  markets  is 


Cantaloupe  ai 
in  south e 

IOWA             ^ 

^D  WATERMELON  SHIPMENTS  BY  MOTOR  TRUCK 
RN  INDIANA  AND  SOUTHERN  ILLINOIS,  1928 

>                                    \             J 

[ 

J 

)ETROIT 

< 

CHICAGO  Jk       j/S 

7 

/          1 

L  L  1  N  0  1  S^p  ^p 

1  N  DIANA 

ow 

0 

go..K:r\^^P 

^v                 COLUMBUS 
;^^^  DAYTON^* 

^CINCINNATI 

ST  LOUIS  A 

^.^m     ' 

-^ 

MISSOURI           ^ 

\.                        l/J/^J^^^^         ^C/^/z^^^'^^^'^ 

1.  Illinois  Pivir  Dittrict 

2.  Uifpf  District 

3.  Wobash  RlYtr  District  of  Illinois 

4.  Wabost,  RIyer  District  of  Indiana 
S.Jackson  District 

"*  [U  '"'^'^''^^  shif mints             / 
'*'   l^neHroaishipmtnts               ^ 

iW       r                               KENTUCKY 

J                              fN 

^ 

#                              1     ^ 

tor  truck 

y 

^          J                                                       |-:-:|   Commercial shippinq  ortcs 
\                                                    »   Important  motor-track  shipments  to 

ledbqmo 
arge  citie 

Figure  4. — A  large  part  of  the  cantaleupes  and  watermelons  distributed  by  truck  in 
southern  Indiana  and  southern  Illinois  were  peddled  by  truckmen  merchants  near 
the  producing  fields  and  in  the  central  and  northern  parts  of  these  two  States,  as 
well  as  to  large  cities  within  several  hundred  miles 

in  the  first,  or  experimental  stage,  in  this  territory,  with  a  few 
notable  exceptions. 

In  southern  Indiana  the  estimates  show  that  37  per  cent  of  the 
1928  crops  of  fruits  and  vegetables,  aside  from  those  used  by  canners, 
was  distributed  by  truck,  or  a  quantity  equivalent  to  1,298  carloads, 
as  compared  with  2,198  cars  actually  moved  by  rail.  By  commodities, 
the  percentages  marketed  by  truck  were:  Apples,  44;  cantaloupes, 
36;  peaches,  40;  pears,  0;  strawberries,  6;  watermelons,  36;  cucum- 
bers, 9;  sweetpotatoes,  15;  tomatoes,  83;  and  turnips,  36.  The  area 
included  shipped  94  per  cent  of  the  entire  Indiana  railroad  move- 
ment of  the  commodities  named.     (Table  20.) 
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Figure  5. — The  only  important  strawberry  shipments  by  truck  in  southern  Illinois 
in  1928  were  to  St.  Louis  and  central  Illinois  cities.  A  few  truck  shipments  were 
made  to  Indianapolis  from  small  and  new  producing  areas  in  southern  Indiana 


Table  20. — Railroad  and  estimated  motor-truck  shipments  of  fruits  and  vege- 
tables from  principal  southern  Indiana  counties,  1928  crop  * 


County 

Apples 

Cantaloupes 

Cucumbers 

Miscellaneous 
and  mixed 
vegetables 

Peaches 

Pears 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Brown 

Cars 

24 

1 

6 

0 

15 

2 

1 

191 

106 

106 

0 

0 

5 

23 

0 

Cars 
4 

■""78' 

""i45' 

34 

96 

5 

....... 

Cars 
0 
0 
4 
0 
0 
98 
6 
252 
0 
0 
77 
28 
0 
0 
0 

Cart 
.. 

"'33' 
63 
70 

-...„ 

78 

Cars 

124 
0 
0 

Cars 

Cars 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
28 
0 
0 

Cars 
""i22' 

Cars 
0 
0 
1 
0 
0 
2 
0 
288 

17 
0 

50 
0 
0 
0 
0 

Cars 
18 

9 

2 
18 
23 
12 

Cars 
0 
0 
0 
0 
0 

13 
0 
0 
0 
0 

13 
0 
0 
0 
0 

Cars 

Clark      

Daviess 

Floyd 

Franklin 

6 

Jackson  2 

Knox 

Lawrence 

Orange 

Posey 

0 

Sullivan 

Vigo 

Washington 

Others 

Total 

480 

374 

465 

261 

124 

12 

28 

122 

367 

1247 

26 

0 

1  Shipments  over  20  miles.    Shipments  to  canneries  are  not  included  with  the  exception  of  tomatoes  for 
canning,  which  are  shown  separately  from  tomatoes  marketed  fresh. 

2  Rail  movement  from  Jackson  County  was  over  electric  railways. 

68925*'— 31 4 
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Tahlb  20. — Railroad  and  estimated  motor-truck  shipinents  of  fruits  and  vege- 
tables from  principal  southern  Indiana  comfities,  1928  crojp— Continued 


County 

Strawberries 

Sweet  pota- 
toes 

Tomatoes, 
fresh 

Tomatoes, 
canning 

Watermelons 

Turnips 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Brown 

Cars 
0 

44 
0 

49 
0 
0 
2 
0 
0 
8 
0 
0 
0 

23 
0 

Cars 
3 
0 

5- 

5' 

5- 

0 

Cars 
0 
0 
6 
0 
0 
35 
0 
182 
0 
0 
4 
3 
0 
0 
0 

Cars 
.- 

.- 

"""36' 
.- 

1 

Cars 
0 
0 
0 
0 
0 
0 
5 
10 
0 
0 
0 
2 
0 
0 
0 

Cars 

5' 
37 

4' 

Cars 
0 
19 
63 
0 
0 
0 
0 
0 
0 
0 
0 
47 
41 
28 
419 

Cars 

2 

0 

5- 

0 
3,037 

Cars 
0 
0 

35 
0 
0 

30 

8 

181 

0 

0 

30 

44 
0 
0 
0 

Cars 

- 

....... 

67 
66 

g- 
20 

Cars 
0 
0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 
0 
0 

Cars 

Clark — - 

Daviess 

Floyd 

Franklin 

Gibson 

Jackson  2 

4 

Lawrence 

Posey          

Sullivan 

Vigo --- 

Washington 

Others... 

Total 

126 

8 

230 

40 

17 

46 

617 

3,039 

328 

184 

7 

4 

2  Rail  movement  from  Jackson  County  was  over  electric  railways. 


Figure  6. — The  main  truck  movement  of  peaches  is  north  in  Illinois  and  Indiana  to 
small  markets.  Small  rural  distribution  occurs  in  southeast  Missouri,  Kentucky, 
and  Ohio.  Limited  truck  shipment^  go  to  St.  Louis,  Chicago,  Flint,  Detroit,  and 
Ohio  cities 
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If  tomatoes  and  green  beans  for  canning  are  included  in  the  esti- 
mates, 66  per  cent  of  the  southern  Indiana  movement  of  the  products 
named  was  by  truck,  instead  of  the  37  per  cent  previously  mentioned. 

In  southern  Illinois  21  per  cent  of  the  commercial  movement  of  the 
1928  fruit  and  vegetable  crops  was  estimated  to  have  been  shipped  by 
truck,  or  2,305  cars,  compared  with  8,613  cars  shipped  by  rail  and 


Figure  7. — ^Truck  shipments  of  apples  reach  an  extreme  distance  of  about  125 
miles.  Over  one-half  of  them  go  to  small  cities  and  rural  districts.  The  southern 
two-thirds  of  Illinois  and  Indiana  were  supplied  In  part  by  truck,  and  important 
shipments  went  by  truck  into  eastern  Missouri,  and  smaller  quantities  Into  Iowa, 
Kentucky,  and  Ohio 

boat  combined.     The  latter  figure  represents  TO  per  cent  of  the  total 
Illinois  rail  and  boat  movement  of  the  products  enumerated. 

The  percentage  movements  of  the  various  commodities  by  truck 
from  southern  Illinois  were:  Apples,  18;  cantaloupes,  75;  peaches, 
24 ;  pears,  3 ;  strawberries,  23 ;  watermelons,  69 ;  mixed  vegetables,  2 ; 
potatoes,  83;  sweetpotatoes,  4;  and  tomatoes,  13.  Less  than  1  per 
cent  of  asparagus,  cabbage,  cucumbers,  peppers,  and  spinach  moved 
by  truck.     (Table  21.) 
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Table  21. — Railroad,  boat,  and  estimated  motor-truck  shipments  of  fruits  and 
vegetaUes  from  principal  southern  Illinois  comities,  1928  crop  * 


County 

1 

Apples 

Asparagus 

Cantaloupes 

Miscellaneous 

Mixed  vege- 
tables*^ 

Peaches 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Cars 

184 

0 

19 

1,041 

0 

0 

170 

26 

29 

31 

0 

770 

122 

139 

22 

179 

450 

0 

0 

327 

5 

0 

494 

19 

240 

0 

0 

770 

0 

46 

Cars 
180 

9" 

301 

....... 

7 
0 
1 

"""68' 
39 
40 
33 
55 
38 

""i23" 

1 

2 
55 
14 

""■54" 
....... 

Cars 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

31 
0 
0 
0 
0 
0 

62 
0 
0 
0 
0 

16 
0 
0 
0 

71 
0 
0 

Cars 
....... 

0 

Cars 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
0 

Cars 

....... 

i" 

S 

3- 

....... 

Cars 
107 
9 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,    0 
0 
0 

1 

0 
0 
0 
0 
2 
0 
0 
0 

29 
0 
0 
0 

66 
0 
0 

Cars 
0 
0 

i" 

0 

Cars 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Cars 

Cars 

0 

6 

0 

0 

0 

0 

26 

0 

0 

0 

0 

0 

58 

76 

41 

0 

166 

14 

0 

319 

61 

0 

0 

199 

62 

0 

0 

761 

11 

49 

Cars 

Alexander...... 

Brown ._... 

Calhoun  2 

Cass........... 

Clafk  . 

Clay           ^     - 

16 

IIIIIII 

Crawford....... 

Cumberland.. - 
Effingham..... 

Fayette... 

Greene 

Jackson 

Jasper 

2  IIIIIIII 

0  1 

0  1 

0  ' 

22 
106 

7 

.Jefferson 

Jersey.. 

Johnson 

Lawrence. 

Madison.. 

Marion 

Massac 

0 
0 
0 
0 
0 
0 
0 
51 
0 
0 
0 
189 
0 
0 



i" 





3' 

""266 
8 

Morgan 

Pike 

Pulaski 

Richland 

Schuyler.. 

St.  Clair 

Union... 

30 
24 

77 
27 

Wabash 

Washington.... 

Total.... 

5,083 

1,094 

180 

1 

19 

56 

214 

2 

246 

4 

1,839 

582 

County 

Pears 

Potatoes 

Strawberries 

Sweetpota- 
toes 

Tomatoes 

Watermelons 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Rail 

Truck 

Adams 

Cars 
0 
0 
0 

§ 
0 

60 
0 
0 
6 

21 
0 
1 
0 
1 
0 
0 
0 
4 
241 
0 
0 
0 
5 
0 
0 
0 
2 
0 
3 

Cars 

0* 

0" 
0" 

....... 

0" 

Cars 
0 

16 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 

29 
0 
0 
0 
0 
0 
0 
0 

21 
0 
0 
0 

Cars 
-. 

'"m 
....... 

Cars 
6 
7 
0 
0 
0 
0 
0 
0 
0 
0 

52 
0 
0 
0 
0 
0 
0 
0 
0 

26 

16 
0 
0 
152 
0 
0 
0 

65 
0 
0 

Cars 
9 

-""II 

4" 

0 
""27" 

-—45- 

Cars 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
83 
0 
0 

Cars 
4" 

Cars 
18 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
144 
0 
0 

Cars 
0 

""25' 

Cars 
0 
0 
0 
0 
13 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 

11 

0 
0 
0 
0 
0 
0 
5 
0 

Cars 

Alexander 

Brown 

Calhoun 

Cass 

34 

Clark.... 

15 

Clay 

Crawford 

Cumberland.. - 

Effingham 

Fayette 

Greene 

26 

Jackson 

Jasper 

Jefferson 

Jersey. 

Johnson 

Lawrence 

Madison 

Marion 

Massac 

Morgan 

Pike      

11 

Pulaski 

Richland 

Schuyler 

St.  Clair 

Union... 

Wabash... 

Washington 

1 

Total 

344 

11 

71" 

344 

324 

95 

87 

4 

166 

25 

40  1 

87 

1  Exclusive  of  hauls  less  than  20  miles. 

2  Calhoun  County  railroad  shipments  of  apples  were  loaded  at  Peruque,  Mo.,  Clarksvillc,  Mo.,  East 
Hardin,  III.,  and  Grafton,  111.  According  to  the  Illinois  Experiment  Station  100  cars  of  the  260  loaded  at 
Grafton  were  from  Calhoun  County.  Boat  shipments  from  Calhoun  County  are  shown  imder  the  "Rail' ' 
column. 
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Excepting  cantaloupes  and  watermelons,  which  were  usually  ped- 
dled in  Illinois,  and  potatoes,  which  were  produced  in  and  near  the 
St.  Louis  market-garden  area,  about  18  per  cent  of  the  commodities 
were  moved  by  truck.  Since  culls  and  low-grade  apples  and  peaches, 
however,  constituted  over  one-half  of  the  motor-truck  shipments,  it 
is  probable  that  in  southern  Illinois  motor-truck  shipments  displaced 
about  10  per  cent  of  the  rail  shipments. 

Southern  Indiana  has  an  important  canning  industry.  Peas  and 
beans  used  for  canning  have  for  years  been  transported  to  the  fac- 
tories over  the  highways.  Of  the  canning  tomatoes  reported,  3,039 
cars  were  estimated  to  have  been  transported  by  truck  as  compared 
with  617  cars  by  railroad  in  1928,  or  83  per  cent  by  truck.  There 
was  a  decided  decrease  in  the  transportation  of  canning  tomatoes 
by  rail  as  compared  with  motor-truck  movements  until  1929,  when 
some  reversal  to  rail  shipping  occurred. 

A  characteristic  of  motor-truck  shipments  in  this  territory  is  the 
major  distribution  to  small  cities  in  the  corn  and  the  coal  belts  and 
in  rural  trade.  Less  than  50  per  cent  of  the  motor-truck  movement 
is  to  large  city  markets.  Peaches  were  trucked  into  Wisconsin  as 
far  as  Milwaukee  in  1928,  early  apples  into  Michigan  in  1930,  and 
various  products  into  Ohio,  eastern  Missouri,  northern  Kentucky, 
and  southeastern  Iowa.     (Figs.  4  to  7.) 

Long-distance  motor-truck  movements  in  Indiana  developed 
largely  between  1924  and  1928  and  have  developed  in  Illinois  largely 
since  1926.  At  some  places  a  beginning  was  not  made  until  1927 
or  1928,  and  in  the  strawberry  fields  of  southern  Indiana  the  first 
long-distance  trucking  occurred  in  1929.  Throughout  the  more 
accessible  sections  the  movement  of  apples,  peaches,  berries,  fresh 
tomatoes,  and  sweetpotatoes  by  motor  truck  practically  doubled  in 
each  of  the  three  years  1926  to  1928,  and  indications  point  to  still 
further  growth,  although  some  producing  points  had  apparently 
reached  the  limit. 

In  1928  truck  shipping  of  fruit  was  important  and  of  large  volume 
at  only  a  few  Illinois  points :  Olney,  Flora,  Centralia,  Newton,  Salem, 
Hillview,  Anna,  and  Cobden.  At  many  points  motor-truck  move- 
ments consisted  only  of  culls  and  low-grade  produce  peddled  in 
near-by  territory.  Yet  the  business  of  peddling  to  rural  sections  in 
Illinois  and  neighboring  consuming  areas  has  already  attained  large 
volume,  and  the  demand  is  fairly  well  supplied  with  low-grade  fruit. 

Fifty-six  per  cent  of  the  139  farmers  interviewed  stated  that  they  in- 
tended to  make  greater  use  of  the  truck  for  shipping  fruits  and  vege- 
tables, 25  per  cent  expected  to  make  the  same  or  less  use,  14  per  cent 
were  then  making  full  use  of  the  truck  (that  is,  completely  supplying 
the  available  trade),  and  5  per  cent  were  uncertain.  On  the  whole, 
it  seems  that  there  will  be  an  increase  in  distribution  by  truckmen 
merchants,  and  an  increase  in  the  area  served  by  them. 

SOUTHWESTERN    MICHIGAN 

Nearly  all  the  shippers,  cooperatives,  and  motor-truck  companies, 
and  some  growers  and  "  truckers  "  in  Berrien  and  Van  Buren  Coun- 
ties, Mich.,  were  interviewed  in  regard  to  trucking  of  fruits  and  vege- 
tables to  ascertain  the  volume  of  such  shipments  and  their  destina- 
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tions  and  the  effects  upon  production,  transportation,  and  merchan- 
dising. The  statistics  on  truck  shipments  from  this  area  are  based 
largely  on  estimates  obtained  from  those  judged  best  able  to  give 
them,  supplemented  by  some  actual  records.  The  quantity  moving  by 
truck  from  the  Benton  Harbor  market  was  obtained  by  the  Michigan 
Department  of  Agriculture  from  daily  compilations. 

The  practical  beginning  of  the  shipping  of  fruits  and  vegetables 
by  motor  truck  from  the  Benton  Harbor  area  occurred  in  1919,  and 
the  volume  hauled  has  steadily  increased.  The  first  motor-truck 
shipments  of  note  were  to  Chicago,  caused  partly  by  damaging  con- 
gestion in  boat  and  rail  shipping.  Later  Detroit  was  added  as  a 
motor-truck  market,  and  in  1924  the  first  load  was  trucked  to  In- 
dianapolis. In  1928  a  few  truck  loads  went  to  St.  Louis,  and  in  1929 
Louisville  was  added  as  a  motor-truck  market,  and  occasional  loads 


FiGuuK  8. — The  tractor  and  semitrailer  as  used  at  Paw  Paw,  Midi, 
economical  for  certain  purposes 


lias  been  found 


went  as  far  as  Cincinnati,  Ohio ;  Lexington,  Ky. ;  Memphis,  Tenn. ; 
Dubuque,  Iowa ;  and  Green  Bay,  Wis. 

The  volume  moving  by  truck  became  commercially  important  in 
1925  and  is  estimated  to  have  trebled  since  then.  Motor-truck  ship- 
ments vary  in  comparison  with  boat  and  rail  shipments,  and  in  actual 
quantity,  as  crop  and  price  conditions  vary  from  year  to  year. 

The  radius  of  distribution  of  motor-truck  shipments  has  increased 
from  year  to  year.  From  a  60-mile  haul  to  Chicago  the  radius  has 
pushed  out  until  in  1929  practically  all  shipments  up  to  250  miles 
were  made  by  motor  truck  except  some  boat  movement  to  Chicago 
and  Milwaukee.  Tentative  plans  of  chain  stores  and  trucking  com- 
panies indicate  that  this  circle  will  be  further  widened.     (Fig.  8.) 

The  estimates  for  the  1929  crops  in  Berrien  County  show  a  move- 
ment of  fruits  and  vegetables  to  consuming  markets  by  motor  truck 
equal  to  5,605  cars,  or  89  per  cent,  as  compared  with  725  cars  shipped 
by  boat  and  rail,  exclusive  of  local  consumption  and  products  used  in 
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processing  plants.  Corresponding  figures  for  Van  Buren  County 
were  1,996  cars,  or  49  per  cent,  by  truck,  as  compared  with  2,095  cars 
sent  by  rail  and  boat.     (Table  2*2.) 

Table  22. — Rail,  hoat,  and  estimated  motor-truch  shipments  of  fruit  and  vege- 
tables from  Bennen  ami  Van  Buren  Counties,  Mich.,  1929  ^ 


Commodity 


Apples 

Asparagus 

Cabbage 

Cantaloupes 

Celery 

Cherries 

Dewberries 

Grapes 

Miscellaneous  vegetables  <_ 

Onions 

Peaches 

Pears 

Plums 

Potatoes. --. 

Quinces 

Raspberries 

Strawberries 

Total  and  percentage 


Berrien  County 


Rail  and 
boat  2 


Cars 

111 
0 
7 
2 

2  10 
0 
0 

320 
1 
0 

255 
14 
0 
0 
0 
0 
5 


725 


Motor 
truck 


Cars 


30 
212 
67 
50 
194 
332 


695 
70 
4 


5,605 


Percent- 
age by 
truck 


100 
100 
88 
100 
100 
73 
83 
100 

0 
100 


Van  Buren  Cotmty 


Rail  and 
boat 


Cars 

385 

0 

15 

0 

3  344 

5 

0 

1,121 

0 

116 

20 

27 

0 

60 

0 

0 

2 


2,095 


Motor 
truck 


Cars 
245 
27 


2 
"706 


Percent- 
age by 
truck 


39 
100 
38 

0 
67 
29 

0 
39 

0 

5 
86 


100 

0 

94 


1  Exclusive  of  local  consumption,  and  products  used  in  local  canning  and  processing  plants. 

2  Boat  shipments  of  celery  originating  in  the  Kalamazoo  district  not  included. 

3  Includes  30  cars,  less-than-carload  express. 
*  Largely  tomatoes. 


Percentages  of  important  crops  moving  by  truck  in  Berrien 
County  were:  Cherries,  dewberries,  and  raspberries,  100;  canta- 
loupes and  strawberries,  99;  apples,  87;  grapes,  88;  peaches,  73;  and 
pears,  83. 

From  Berrien  County  the  rail  shipments  of  fruits  and  vegetables 
are  insignificant  except  in  the  case  of  apples,  grapes,  and  peaches, 
of  which  the  production  is  large.  Boat  shipments  are  made  from 
Benton  Harbor  and  South  Haven  to  Chicago  and  Milwaukee,  but 
they  have  dwindled  rapidly  in  recent  years. 

Motor-truck  shipments  from  Benton  Harbor  amounted  to  2,776 
car-lot  equivalents  in  1929,  and  2,829  car-lot  equivalents  were  shipped 
by  truck  from  the  remainder  of  the  county,  or  50  per  cent  direct 
from  farms,  associations,  and  country  dealers.  (Table  23.)  During 
the  berry  season  of  1930  a  much  higher  percentage  passed  through 
the  new  and  improved  Benton  Harbor  market. 
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Table  23. — Destination  of  motor-truch  shipments  of  fruits  and  vegetables  from 
Berrien  and,  Van  Buren  Cou/nties,  Mich.^  1929  crop  ^ 


Destination 

Motor-truck 
shipments 

from  Benton 
Harbor 
market, 
Berrien 
County 

Other  motor- 
truck ship- 
ments from 
Berrien 
County 

Motor-truck 
shipments 

from 

Van  Buren 

County 

Total 

Percentage 

of  total 
shipments 

Chicago,  111 

Cars 

1,872 

361 

125 

221 

18 

12 

19 

26 

20 

44 

58 

Cars 

1,841 

364 

99 

94 

17 

16 

3 

10 

9 

76 

300 

Cars 

567 

540 

157 

3 

69 

21 

31 

7 

18 

164 

419 

Cars 
4,280 
1,265 
381 
318 
104 
49 
63 
43 
47 
284 
111 

56  3 

Detroit,  Mich     

16  6 

Indianapolis,  Ind. 

5  0 

Milwaukee,  Wis .    . 

4  2 

Toledo,  Ohio.. 

1  4 

Cleveland,  Ohio 

6 

7 

Fhnt,  Mich 

6 

Grand  Rapids,  Mich 

6 

Cities  listed  below  2 

3.7 

Other  cities  and  villages  K..  .    .. 

10  3 

Total : 

2,776 

2,829 

1,996 

7,601 

J  Estimated. 

2  Dayton,  Cincinnati,  and  Columbus,  Ohio;  South  Bend  and  Fort  Wayne,  Ind.;  St.  Louis,  Mo.;  Pontiac, 
Mich.;  Memphis,  Tenn.;  Dubuque,  Iowa. 

3  Other  cities  and  villages  in  Michigan,  Wisconsin,  Illinois,  Iowa,  Indiana,  Ohio,  Kentucky,  Tennessee, 
and  Canada. 

Of  the  important  crops  in  Van  Buren  County  the  percentages 
moving  by  truck  were  estimated  as :  Apples,  39 ;  grapes,  39 ;  celery, 
67;  peaches,  86;  potatoes,  67;  and  onions,  5.  Most  of  the  potatoes 
moving  by  truck  went  to  southern  Michigan  towns  on  short  and 
intermediate  hauls  (less  than  75  miles) ,  and  of  the  apples  trucked 
from  Van  Buren  County  most  were  low  grades  and  odd  varieties. 

The  outstanding  development  in  this  area  is  the  Benton  Harbor 
market  with  its  facilities  for  concentration  and  redistribution  by 
motor  truck.  On  a  big  day  in  1929  over  1,000  farm  loads  were 
brought  to  this  market,  and  157  truck  loads  left  it  for  distant  points. 

Berries  are  now  handled  almost  exclusively  by  motor  truck.  From 
Berrien  County  the  motor-truck  shipments  of  dewberries  were  esti- 
mated at  194  cars,  rail,  0 ;  of  raspberries,  422  cars,  rail,  0 ;  and  straw- 
berries, 469  cars,  rail  and  boat,  5  cars. 

From  Van  Buren  County  344  cars  of  celery  were  shipped  by  rail 
and  698  cars,  or  67  per  cent,  by  truck.  This  large  motor-truck  move- 
ment, originating  largely  near  Decatur,  was  distributed  as  rough 
celery  to  large  cities  and  as  washed  and  stripped  celery  to  retailers 
and  jobbers  in  smaller  cities  and  towns  over  regular  motor-truck 
routes.  A  celery  packing  plant  at  this  village  receives  Florida 
celery  in  car  lots  and,  after  stripping  and  washing,  redistributes  it 
largely  by  truck  to  Michigan,  Indiana,  and  Illinois  markets. 

Chicago  receives  a  major  portion  of  the  motor-truck  shipments  of 
this  area,  but  receives  less,  relatively,  than  when  shipments  were 
entirely  by  rail  and  boat.  Chicago  received  67  per  cent  of  the  motor- 
truck shipments  from  the  Benton  Harbor  market,  65  per  cent  from 
the  remainder  of  Berrien  County,  and  28  per  cent  from  Van  Buren 
County,  or  about  56  per  cent  of  the  total  motor-truck  shipments 
from  the  two  counties.  Detroit  was  second,  receiving  17  per  cent 
of  the  total  motor-truck  shipments,  Indianapolis  third,  with  5  per 
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cent,  and  Milwaukee  fourth,  with  4  per  cent.  The  remaining  18 
per  cent  was  distributed  to  a  large  number  of  towns  and  cities  in 
Michigan,  Indiana,  Illinois,  Wisconsin,  Ohio,  Iowa,  Kentucky,  Ten- 
nessee, and  one  load  went  to  Canada.  (Table  23.)  The  longest 
distances  were  occasional  and  exceptional  hauls  to  Paducah,  Ky. ;  St. 
Louis,  Mo. ;  Memphis,  Tenn.  (over  500  miles) ;  and  Des  Moines,  Iowa. 

NORTH    CAROLINA 

Although  no  detailed  study  of  the  volume  of  motor-truck  ship- 
ments from  North  Carolina  is  available,  the  Federal  Market  News 
Service  representatives  at  shipping  points  in  the  State  gathered  some 
general  information  on  the  subject. 

The  motor-truck  movement  of  peaches  and  other  commodities 
from  the  Sand  Hill  section  of  North  Carolina  covers  an  important 
phase  of  distribution  and  is  of  two  types :  Hauls  to  towns  in  North 
Carolina,  Virginia,  and  West  Virginia,  taking  mainly  off-grade 
stock  and  miscellaneous  products ;  and  long  hauls  of  the  better  grades 
of  peaches  to  terminal  markets. 

"  Truckers  "  who  have  regular  connections  in  cities  come  in  and 
gather  up  loads  of  fancy  peaches  for  terminal-market  delivery.  In 
this  way  a  considerable  long-haul  business  has  grown  up  to  Rich- 
mond, Washington,  Baltimore,  and  points  farther  north.  The 
truck-hauling  to  Washington  is  so  heavy  that  shippers  hesitate  to 
place  car  lots  there,  and  no  attempt  at  car-lot  business  is  made  to 
Richmond,  Norfolk,  Greensboro,  and  Winston-Salem.  The  truckers 
are  supplying  these  cities  so  fully  that  it  is  dangerous,  financially, 
to  place  a  car  in  one  of  them. 

Local  shippers  estimate  that  25  to  50  per  cent  of  the  total  peach 
crop  of  the  Sand  Hill  section  of  North  Carolina  is  moved  to  con- 
suming markets  by  truck. 

Potatoes  in  the  Elizabeth  City  section,  both  white  and  sweet,  are 
conveyed  to  consuming  points  almost  wholly  by  rail.  An  unusual 
movement  was  initiated  by  some  of  the  farmers  on  Currituck  Point, 
however,  who  hauled  their  potatoes  all  the  way  to  Norfolk  (50  to  60 
miles)  to  take  advantage  of  a  cheaper  rail  rate  from  that  point. 
Factors  in  Elizabeth  City  estimated  that  probably  200  or  more  cars 
of  potatoes  moved  in  this  way  in  1929. 

Data  have  been  compiled  on  the  motor-truck  movement  of  straw- 
berries from  the  Chadbourn  and  Wallace  sections  for  several  years 
past,  and  show  a  rapid  conversion  to  shipping  by  truck.     (Table  24.) 

Table  24. — Rail  and  reported  motor-truck  shipments  of  strawberries  from  the 
Chadbourn  and  Wallace  sections  of  North  Carolina,  1928-30 


Year 

Rail 

Motor 
truck 

Estimate  of  relation  which  reported 
motor-truck  shipments  bear  to 
total  motor-truck  shipments 

1928 - 

Cars 
2,151 
1,483 
765 

Cars 
136 
401 
468 

Probably  70  per  cent  complete. 

1929             - 

Probably  80  per  cent  complete. 

1930                                                                 

Nearly  100  per  cent  complete 
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Thus  the  motor-truck  shipments  of  strawberries  have  increased 
from  around  8  per  cent  of  the  total  shipments  in  1928  to  about  38 
per  cent  in  1930.  This  motor-truck  movement  has  been  almost  en- 
tirely long  hauls  into  the  large  markets,  principally  to  Washington, 
Philadelphia,  Baltimore,  Newark,  and  New  York.  Eeceipts  by 
truck  from  North  Carolina  as  reported  by  dealers  in  New  York  City 
were  64  cars  of  strawberries  in  1929  and  34  cars  in  1930. 

Most  of  the  fruits  and  vegetables  from  the  Mount  Olive  section 
are  sold  over  a  farmers'  auction  block.  This  is  a  convenient  arrange- 
ment for  motor-truck  owners  in  buying  and  loading  and  is  advan- 
tageous for  the  seller.  The  assembly  of  trucks  furnishes  the  buyer 
who  purchases  stock  an  added  means  of  transportation. 

Long-distance  motor-truck  shipments  of  beans,  cucumbers,  squash, 
dewberries,  strawberries,  huckleberries,  green  corn,  and  lima  beans 
have  grown  up  largely  during  the  last  two  or  three  years.  The 
percentage  of  highly  perishable  fruits  and  vegetables  hauled  by 
truck  has  increased  steadily  in  each  of  these  seasons,  amounting  in 
1929,  according  to  estimates,  to  between  25  and  35  per  cent  of  the 
miscellaneous  fruit  and  vegetable  movement  (exclusive  of  potatoes, 
which  move  by  rail).  The  long-haul  motor-truck  shipments  are 
destined  principally  for  Washington,  Philadelphia,  Baltimore, 
Newark,  Jersey  City,  and  New  York. 

TEXAS 

No  data  on  the  volume  of  motor-truck  shipments  in  Texas  are 
available,  but  according  to  reports  of  field  agents  of  the  Federal 
Market  News  Service,  rather  a  large  quantity  of  fruits  and  vege- 
tables moves  by  truck  from  the  Lower  Kio  Grande  Valley,  which  is 
an  important  winter-vegetable  and  citrus-fruit  section.  During  1929 
and  1930  car-lot  shipments  from  this  area  to  Texas  markets  de- 
creased materially  on  account  of  the  motor-truck  method  of  trans- 
portation. Not  a  small  amount  is  shipped  by  truck  to  points  in 
Oklahoma  and  Louisiana.  Trucks  leave  the  valley  usually  around 
6  p.  m.,  which  permits  them  to  arrive  in  San  Antonio  and  Houston, 
somewhat  over  300  miles  distant,  in  time  for  the  next  morning's 
market,  and  deliveries  are  made  to  Fort  Worth  and  Dallas,  some- 
what over  600  miles,  and  to  Tulsa  and  Oklahoma  City,  nearly  800 
miles  away.  During  the  colder  weather  no  icing  is  required  for 
these  vegetables.  It  is  reported  that  wholesalers  in  these  cities  have 
a  favorable  attitude  toward  motor-truck  transportation. 

With  reference  to  the  tomato  movement  from  east  Texas,  "  pink  " 
stock  is  now  distributed  almost  entirely  by  trucks  to  near-by  markets. 
Only  "  green  wraps  "  are  shipped  in  car  lots,  and  they  go  mostly  to 
distant  cities. 

MOTOR-TRUCK  UNLOADS  IN  CERTAIN  CITIES 

BOSTON 

Motor-truck  unloads  at  Boston  in  1929  from  beyond  the  market- 
garden  area  were  the  smallest  of  any  city  studied,  representing  only 
2  per  cent  of  total  long-distance  truck  and  rail  unloads.    However, 
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the  equivalent  of  7,731  cars  were  reported  by  the  Massachusetts  De- 
partment of  Agriculture  as  unloaded  by  truck  and  wagon  from  the 
markets-garden  area  within  25  miles  of  Boston. 

State  marketing  investigators  stated  that  no  appreciable  increase 
occurred  in  trucking  from  the  near-by  area  between  1927  and  1930, 
but  there  was  some  increase  in  long-distance  trucking.  For  a  num- 
ber of  commodities  the  near-by  motor-truck  receipts  replace  rail  re- 
ceipts during  the  local  season  of  production.  This  is  true  with  straw- 
berries, asparagus,  and  greens.  For  other  commodities,  such  as  lettuce 
and  cucumbers,  there  is  competition  between  local  and  shipped-in 
stock,  depending  upon  the  relative  supply  of  each.  The  market- 
garden  production  is  mainly  sold  on  farmers'  markets,  and  long- 
distance motor- truck  receipts  are  sold  largely  through  jobbers. 

The  leading  receipts  by  truck  from  long  distances  are  huckleberries 
and  other  berries  from  North  Carolina,  berries  from  the  Eastern 
Shore  and  New  Jersey,  grapes  and  berries  from  the  Hudson  River 
section  of  New  York,  peas  from  western  New  York,  strawberries, 
lima  beans,  and  green  corn  from  the  New  Haven  section  of  Connecti- 
cut, and  miscellaneous  items  from  Rhode  Island,  Hillsboro  County, 
N.  H.,  and  Maine,  and  asparagus  from  the  Connecticut  Valley  of 
Massachusetts. 

Some  dealers  at  Boston  seemed  reluctant  to  handle  berries  by 
truck  from  the  Eastern  Shore  and  North  Carolina,  stating  that  the 
berries  often  arrive  in  poor  condition  during  hot  weather  and  have 
sold  at  low  prices.  Early  in  the  season  truck  loads  of  North  Carolina 
blackberries  arrive  but  are  later  displaced  by  rail  shipments.  A 
period  of  hot  weather  occurring  near  the  height  of  the  trucking 
season  has  caused  almost  entire  suspension  of  very  long-distance 
motor-truck  shipments  of  berries  for  the  remainder  of  the  season, 
according  to  Boston  dealers. 

The  leading  commodity  in  motor-truck  receipts  in  1929  was  apples, 
with  the  equivalent  of  1,364  cars  from  Massachusetts,  New  Hamp- 
shire, Vermont,  Maine,  and  Connecticut.  (Table  25.)  Other  com- 
modities in  order  of  importance  in  motor-truck  receipts  were:  Let- 
tuce, with  the  equivalent  of  985  cars;  spinach,  732  cars;  carrots,  492 
cars;  green  corn,  484  cars;  tomatoes,  446  cars;  and  cabbage,  440  cars. 
These  figures  include  supplies  from  short  distances. 
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Table  25. — CompaHson  of  motor-truch  receipts  with  rail  and  T)oat  unloads  of 
fruits  and  vegetables  at  Boston  and  Cincinnati,  1929  "^ 


Boston 

Commodity 

State  of  origin  of  motor-truck  receipts 

Motor- 
truck un- 
loads 

Rail  and  boat  unloads 
from — 

State  in 
which  mo- 
tor-truck 
shipments 
originated 

All  sources 

Apples 

Massachusetts,  New  Hampshire,  Vermont, 

Maine,  Connecticut. 
Massachusetts 

Cars 
1,364 

120 
370 

378 
15 

440 
0 

492 
182 

324 

484 

107 

322 

22 

98 

4 

35 

985 

50 
134 
25 
36 
21 

105 
61 
236 
1 
114 
732 
393 

165 

0 

446 

33 

0 
296 

Cars 
92 

2 
194 

0 
45 

18 
0 
0 
0 

0 

13 

100 

109 

0 

0 

230 

0 

0 

466 

0 

1 

0 

20 

0 
27 
0 
2 
1 
0 
25 

426 

Cars 
1,315 

264 

Asparagus ... 

Beans  2 .  . 

Massachusetts,  Maryland,  Virginia,  Connecti- 
cut. 
Massachusetts .         

612 

Beets 

262 

Blueberries 

Massachusetts,     New     Hampshire,     North 

Carolina. 
Massachusetts,  Maine,  New  Hampshire 

157 

Cabbage 

1,398 

Cantaloupes  ' 

1,961 

Carrots  _.  

Massachusetts,  New  Hampshire 

915 

Cauliflower 

Celery 

Massachusetts,  Rhode  Island,  Maine,  New 

Hampshire. 
Massachusetts 

360 
923 

Corn,  green 

Cranberries 

Massachusetts,  New  Hampshire,  Connecticut- 
Massachusetts .- .  

23 
100 

Cucumbers .. 

Massachusetts,  Virginia,  Maryland      ...    . 

366 

Eggplant    .    --  .  . 

Massachusetts 

63 

Escarole 

do 

113 

Grapes 

Massachusetts,  New  York 

4,600 

Kale 

M  assachusetts 

50 

Lettuce... 

Massachusetts,  New  Hampshire,  Rhode  Is- 
land. 
M  assachusetts 

1,832 

Onions 

2,126 

do 

5 

Peaches  _    .. 

Massachusetts,  Rhode  Island,  Connecticut 

Massachusetts,  New  Hampshire 

Massachusetts,  Maine,  New  Hampshire,  New 

York. 
Massachusetts ..    

1,013 

Pears. _ 

626 

Peas 

361 

Peppers 

511 

Potatoes 

Massachusetts,  New  Hampshire 

9,828 

Radishes 

Massachusetts...  ..         ...    

14 

Raspberries 

Rhubarb 

Massachusetts,  New  Jersey,  New  York 

Massachusetts,  New  Hampshire,  Connecticut. 

11 
40 

1,088 

Squash 

Massachusetts,   New  Hampshire,  Vermont, 

Maine. 
Massachusetts,    Virginia,    Maryland,    New 

Jersey. 

95 

Strawberries. 

1,084 
920 

Tomatoes 

Massachusetts,  New  Hampshire 

0 

40 

0 

0 

•1,699 

Massachusetts,  Maine,  New  Hampshire. 

613 

Watermelons 

833 

Others- 

*8,657 

Total 

8,590 

1,811 

44,  728 

» Includes  market-garden  receipts. 
»  All  beans  other  than  dry. 


3  Includes  miscellaneous  melons. 
*  Exclusive  of  bananas. 
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Table  25. — Comparison  of  motor-truck  receipts  ivith  mil  and  boat  unloads  of 
fruits  and  vegetables  at  Boston  and  Cincinnati,  1929 — Continued 


Commodity 


Apples 

Asparagus 

Beans  2 

Beets.. 

Blueberries 

Cabbage 

Cantaloupes ». 

Carrots 

Cauliflower... 

Celery 

Com,  green.. - 
Cranberries... 

Cucumbers 

Eggplant 

Grapes 

Kale 

Lettuce 

Onions 

Parsnips 

Peaches 

Pears 

Peas 

Peppers 

Potatoes 

Radishes 

Raspberries... 

Rhubarb 

Spinach 

Squash 

Strawberries.. 
Sweetpotatoes. 

Tomatoes 

Turnips 

Watermelons.. 
Others 


Total. 


Cincinnati 


State  of  origin  of  motor-truck  receipts 


Kentucky,  Ohio,  Indiana.. 

Kentucky,  Ohio 

Kentucky  Indiana,  Ohio. 
Kentucky,  Ohio 


Kentucky,  Ohio,  Indiana. . 
Ohio,  Indiana,  Kentucky.. 
do.. 

Ohio,  Kentucky 

Ohio,  Kentucky,  Michigan. 
Kentucky,  Ohio,  Indiana.. 


Kentucky,  Ohio,  Indiana. 

Kentucky,  Ohio 

Ohio,  Michigan 

Ohio,  Kentucky 

do 

Ohio,  Kentucky,  Indiana. 


Ohio,  Kentucky 

Ohio,  Indiana,  Kentucky. 

Ohio,  Kentucky 

do 

..-do 

Kentucky,  Ohio 

Kentucky,  Ohio,  Indiana.. 
do 


do 

Kentucky,  Ohio 

Ohio,  Kentucky,  Indiana 

Kentucky,  Ohio,  Indiana 

Kentucky,  Tennessee. 

Kentucky,  Ohio,  Indiana 

Ohio,  Kentucky,  Indiana 

Ohio,  Tennessee,  Kentucky.  Indiana- 


Motor- 
truck un- 
loads 


Cars 


197 

112 

0 

149 

20 

110 

6 

8 

563 

0 

62 

7 

2 

63 

260 

57 


63 
36 
60 

187 
26 
16 
39 

136 
6 
74 
8 

453 
15 
3 

123 


3,012 


Rail  and  boat  unloads 
from— 


State  in 
which  mo- 
tor-truck 
shipments 
originated 


Cars 


47 
0 
0 
0 
0 

21 

35 
4 
0 

64 
0 
0 
7 
4 
186 
0 

28 

172 

0 

11 
2 
3 

17 
116 
2 
0 
0 
0 
4 

15 

30 

49 
2 


850 


All  sources 


Cars 

1,371 

4 

336 

7 

1 

735 

672 

160 

218 

410 

116 

40 

45 

7 

549 

86 

624 

439 

1 

648 

96 

100 

31 

2.935 

11 

0 

3 

163 

5 

673 

583 

456 

113 

840 

«2,806 


15,184 


*  All  beans  other  than  dry. 


3  Includes  miscellaneous  melons.       *  Exclusive  of  bananas. 


CINCINNATI 

Cincinnati  received  the  ^equivalent  of  3,012  cars  by  truck  in  1929, 
of  which  740  cars  were  estimated  to  have  come  from  beyond  the 
market-garden  area.  The  long-distance  motor-truck  arrivals  repre- 
sent 5  per  cent  of  the  long-distance  truck  and  rail  receipts.  Total 
motor-truck  unloads  were  78  per  cent  of  rail  and  truck  receipts  from 
the  States  in  the  motor-truck  area  (from  Kentucky,  Ohio,  Indiana, 
Tennessee,  and  Michigan).  (Tables  3  and  25.)  It  is  estimated  that 
between  85  and  90  per  cent  of  the  motor-truck  receipts  were  from 
Ohio  and  Kentucky.  Indiana  ranked  next,  and  Tennessee  and 
Michigan,  were  relatively  insignijScant  in  motor-truck  shipments  to 
Cincinnati. 
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Green  corn  led  in  motor-truck  unloads  at  Cincinnati  in  1929,  with 
the  equivalent  of  563  cars,  followed  by  tomatoes,  453  cars;  lettuce, 
260  cars;  beans,  197  cars;  potatoes,  187  cars;  and  cabbage,  149  cars. 
(Table  25.) 

DENVER 

Denver  received  2,944  cars  by  truck  in  1929,  all  from  Colorado,  as 
compared  with  1,627  cars  by  rail  from  Colorado,  and  total  rail  re- 
ceipts of  6,074  cars.  Thus  from  Colorado  64  per  cent  of  the  unloads 
at  Denver  were  by  truck,  and  33  per  cent  of  total  unloads  were  by 
truck.  Of  unloads  from  beyond  the  market-garden  area,  Denver 
received  28  per  cent,  or  2,326  car  equivalents  by  truck.     (Table  26.) 

Of  the  64  cars  of  apples  received  by  truck  about  25  came  from 
northern  Colorado  and  the  Canon  City  district.  Of  the  cantaloupes 
about  75  of  the  107  cars  shipped  by  truck  came  from  outside  the  local 
market-garden  area,  mostly  from  the  Rocky  Ford  district  and  from 
northern  Colorado.  Around  100  cars  of  lettuce  came  by  truck  from 
the  mountain  districts.  About  75  cars  of  onions  were  trucked  from 
Arkansas  Valley  and  northern  Colorado  points.  About  25  cars  of 
peas  and  5  cars  of  rhubarb  came  by  truck  from  the  Canon  City  and 
Pueblo  districts,  and  300  of  the  388  cars  of  potatoes  received  by  truck 
came  from  northern  Colorado.  These  were  the  principal  long-dis- 
tance motor-truck  movements  into  Denver. 

The  longest  trip  made  regularly  by  trucks  is  that  from  the  Rocky 
Ford  district,  which  is  about  185  miles  from  Denver.  Occasional 
truck  loads  of  sweetpotatoes  come  from  Kansas  points  about  300 
miles  distant.  There  is  practically  no  motor-truck  movement  to 
Denver  from  the  apple,  potato,  and  lettuce  section  on  the  western 
slope  and  the  San  Luis  Valley. 

NEW    YORK    CITY 

Since  July,  1928,  the  Bureau  of  Agricultural  Economics  has  ascer- 
tained daily  the  volume  of  motor-truck  receipts  arriving  on  the 
wholesale  markets  in  New  York  City.  During  1929  the  commissioner 
of  markets  of  the  city  of  New  York  reported  daily  the  receipts  on 
the  municipal  farmers'  markets.  Thus  much  detailed  information 
on  motor-truck  arrivals  is  available  for  New  York  City.     (Fig.  9.) 

Sixteen  per  cent  of  New  York  City  supplies  of  fruits  and  vegeta- 
bles, exclusive  of  bananas,  in  1929,  arrived  by  truck.  Of  the  supplies 
from  beyond  the  market-garden  area,  the  motor-truck  receipts  repre- 
sented 8  per  cent.     (Table  3.) 

Receipts  by  truck  as  reported  on  the  New  York  jobbing  markets 
amounted  to  16,374  cars  in  1929,  arriving  principally  in  the  Washing- 
ton Street  district.  These  represented  approximately  the  displace- 
ment of  rail  and  boat  shipments  at  New  York  City.  The  receipts 
on  the  Wallabout  farmers'  market  in  Brooklyn  from  April,  1929,  to 
April,  1930,  were  10,973  car-lot  equivalents,  and  those  at  the  Ganse- 
voort  farmers'  market  in  Manhattan  3,723  car-lot  equivalents  as  re- 
ported by  the  New  York  City  Department  of  Public  Markets.  Re- 
ceipts at  the  Harlem  farmers'  market  were  not  reported,  but  were 
estimated  on  the  basis  of  number  of  truck  loads  to  be  about  one-half 
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the  receipts  on  the  Wallabout  market.  Produce  sold  on  these  farm- 
ers' markets  comes  from  the  market-garden  area,  in  the  main,  and 
consists  in  large  part  of  bunch  and  leafy  vegetables,  unusual  vege- 
tables for  the  foreign  born,  green  corn,  potatoes,  and  tomatoes.  Lit- 
tle fruit  is  received  on  the  farmers'  markets.     (Table  26.) 

Table  26. — Comparison  of  motor-truck  receipts  with  rail  and  boat  unloads  of 
fruits  and  vegetables  at  Denver  an4  New  'York  City,  1929 


Denver 

Commodity 

State  of  origin  of  motor-truck  receipts ' 

Motor- 
truck un- 
loads 

Rail  unloads  i  from— 

States  in 
which  mo- 
tor-truck 
shipments 
originated 

All  sources 

Apples 

Colorado 

Cars 

64 

28 

93 

106 

4 

0 

0 

101 

107 

191 

129 

245 

15 

177 

93 

6 

37 

0 

0 

182 

2 

149 

13 

36 

0 

0 

64 

140 

388 

59 

21 

79 

44 

48 

0 

95 

169 

13 

47 

Cars 

177 
0 
2 
0 
0 
0 
0 
7 

76 
0 
2 
3 
7 
0 
0 
0 
0 
0 
0 

291 
0 
17 
0 
0 

195 

110 
18 
0 

675 
0 
0 
0 
0 
0 
0 
5 
0 
5 
37 

Cars 

407 

Asparagus 

.  do.-. 

18 

Beans  3 ... 

do 

40 

Beets 

.  ..  do 

0 

Blackberries 

Brussels  sprouts 

do 

do 

8 

Broccoli -  

do 

0 

Cabbage 

Cantaloupes  * 

do— 

do 

123 
343 

Carrots      

do.„ 

36 

Cauliflower 

do 

75 

Celery  ..  ..... 

do 

65 

Cherries 

do 

26 

Corn 

...    do 

22 

Cucumbers     ... 

do... 

13 

Currants 

Eggplant -  - 

do 

do...          

0 
1 

Grapes 

do 

317 

Huckleberries 

Lettuce      

do -. 

do... 

0 
686 

Mushrooms 

do - 

0 

Onions 

do... 

86 

Paisley 

do 

0 

Parsnips... 

....  do 

0 

Peaches 

do 

277 

Pears. 

do 

128 

Peas 

-  do... 

43 

Peppers...  

:::.:do:::::— :..::.:.:::.:.::::::::::::::::::: 

28 

Potatoes  ... 

.   ..  do 

921 

Radishes.-  . 

do 

1 

Rhubarb 

do 

2 

Spinach 

do... 

88 

Squash 

do 

3 

Strawberries 

..do 

177 

Sweet  potatoes 

do.  . 

175 

Tomatoes 

Turnips 

Watermelons 

do 

do .— 

do 

302 

2 

311 

Others 

do 

5  1,349 

Total 

2,944 

1,627 

6,074 

1  Express  and  L  c.  1.  receipts  included  under  rail  unloads  at  Denver  and  New  York, 

2  Colorado  rail  receipts  come  largely  from  outside  the  practical  motor-truck  area.    Market-garden  re- 
ceipts are  included. 

3  All  beans  other  than  dry. 

*  Includes  miscellaneous  melons. 
■'  Exclusive  of  bananas. 
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Table  26. — Comparison  of  motor-truck  receipts  with  rail  and  boat  unloads  of 
fruits  and  vegetables  at  Denver  and  New  York  City,  1929 — Continued 


New  York  City 

Commodity 

State  of  origin  of  motor-track  receipts 

Motor- 
truck un- 
loads* 

Rail  and  boat  imloads 
from — 

States  in 
which  mo- 
tor-truck 
shipments 
originated 

All  sources 

Apples  - 

Connecticut,     Delaware,     Maryland,     New 
Jersey,  New  York,  Pennsylvania. 

Delaware,  Maryland,  New  Jersey,  New  York, 
Pennsylvania. 

Connecticut,   Delaware,   New  Jersey,   New 
York,  North  Carolina,  Rhode  Island,  Vir- 
ginia, Maryland. 

New  Jersey,  New  York,  Pennsylvania. 

Delaware,  Maryland,  New  Jersey,  New  York, 
North  Carolina. 

New  York 

Cars 
1,399 

494 

1,566 

921 
233 

194 
642 

999 

342 

873 

864 

1,297 

30 

1,786 

457 

39 

155 

218 

74 

1,225 

990 

656 

230 

219 

1,613 

82 
377 

765 

2,336 
507 
259 

1,014 
438 

1,165 

849 
1,819 

420 

1 

3,752 

Cars 
3,568 

69 

1,379 

48 
43 

3 

237 

3,412 

215 

790 

121 

1,016 

10 

11 

539 

8 

21 

131 

83 

2,619 

52 

1,078 
40 
0 

1,248 

218 
1,165 

720 

3,702 
25 
23 
34 
89 

1,148 

1,903 
829 

27 

24 
1,319 

Cars 
11, 597 

601 

5,275 

840 
51 

26 

Asparagus..-.- -    .. 

Beans '.-.._.    ..  .. 

Beets    . 

Blackberries 

Brussels  sprouts 

Broccoli --     . 

Delaware,  Maryland,  New  Jersey,  New  York, 

Virginia. 
Delaware,  New  Jersey,  New  York,  Virginia... 
Delaware,  Maryland,  New  Jersey 

507 

6,085 
9,821 
3,975 
2,951 
4,519 
653 

Cabbage 

Cantaloupes  *  _  ... 

Carrots . 

New  Jersey,  New  York      .  . 

Cauliflower  .  .    . 

.    do.... 

Celery 

New  Jersey,  New  York,  Pennsylvania 

New  Jersey,  New  York 

Cherries 

Corn. 

New  Jersey,  New  York,  Pennsylvania 

Delaware,  Maryland,  New  Jersey,  New  York.. 
New  Jersey,  New  York 

739 
2,750 

g 

Cucumbers 

Currants.--  .  .     . 

Eggplant 

do 

620 

Grapes...  .  . 

Delaware,  Maryland,  New  Jersey,  New  York. 
Delaware,  Maryland,  New  Jersey,  New  York, 

Pennsylvania,  North  Carolina. 
New  Jersey,   New   York,   North   Carolina, 

Pennsylvania. 
Delaware,  Maryland,  New  Jersey,  New  York, 

Pennsylvania. 
New  Jersey,  New  York 

14,  374 
166 

9  992 

Huckleberries . 

Lettuce 

Mushrooms 

52 

8,536 
247 

Parsley 

do..  . 

Parsnips 

do - 

27 

Peaches 

Connecticut,  Delaware,  Maryland,  New  Jer- 
sey,  New  York,   Pennsylvania,   Virginia, 
North  Carolina. 

Delaware,  Maryland,  New  Jersey,  New  York. 

Maryland,  New  Jersey,  New  York,  North 
Carolina,  Virginia. 

Delaware,  Maryland,  New  Jersey,  New  York, 
North  Carolina,  Virginia. 

New  Jersey,  New  York 

3,784 

4,987 
3,570 

2,428 

24,  407 

Pears 

Peas... 

Peppers..  .    ..    .. 

Potatoes... 

Radishes 

do - 

284 

Rhubarb. 

New  Jersey,  New  York,  Pennsylvania 

..      do 

160 

Spinach . 

3,489 
240 

Squash... 

New  York,  New  Jersey 

S  tr  awberries 

Sweetpotatoes 

Tomatoes 

Connecticut,  Delaware,  Massachusetts,  Mary- 
land, New  Jersey,  New  York,  North  Caro- 
lina, Virginia. 

Delaware,  Maryland,  New  Jersey,  Virginia... 

Connecticut,  Delaware,  Maryland,  New  Jer- 
sey, New  York,  Pennsylvania. 

New  York,  New  Jersey 

2,095 

2,125 
7,851 

1  104 

Turnips.. - 

Watermelons 

Delaware 

4,  251 

Others 

» 41, 101 

Total 

31,300 

27,  957 

186,  288 

" 

8  All  beans  other  than  dry. 

*  Includes  miscellaneous  melons. 

6  Exclusive  of  bananas. 

8  Harlem  farmers'  market  is  not  included.  Its  receipts  probably  approximated  5,000  cars  by  truck  for 
the  year.  Receipts  at  Wallabout  and  Gansevoort  farmers'  markets,  as  well  as  at  the  New  York  City 
jobbing  markets,  are  included.  The  receipts  at  the  2  farmers'  markets  are  estimated  for  the  first  3 
months  of  1929  based  on  1930  receipts. 
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On  the  jobbing  markets  deciduous  fruits  and  berries  are  the  most 
important  items  in  motor-truck  receipts,  together  with  beans,  mush- 
rooms, sweetpotatoes,  and  tomatoes. 

Most  of  the  arrivals  by  truck  at  New  York  City  as  reported  by 
dealers  were  from  New  Jersey  and  New  York  State.  New  Jersey 
supplied  the  equivalent  of  13,091  cars,  and  New  York  State  12,200 


JAN. 

Figure  9 


APR. 


JULY 


OCT. 


-FRUITS  AND  VEGETABLES:    UNLOADS    BY   RAIL  AND  BOAT.  AND 
TRUCK   RECEIPTS  AT   NEW  YORK,    1929 


Motor-truck  receipts  of  fruits  and  vegetables  at  New  York  City  increased  from 
February  to  August,  aftt-r  which  they  fell  off.  Rail  and  boat  receipts  fell  off  sharply 
in  August  and  increased  again  in  October. 


"1 
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—1^^^^^ 
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FiGCEB  10. — Motor-traffic  congestion  in  New  York  City  on  Washington  Street  which 
is  only  30  feet  wide,  yet  is  the  principal  market  for  fruits  and  vegetables  in  the  city 
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cars.  Maryland  was  third,  with  1,347  cars,  while  Pennsylvania 
supplied  1,167  cars,  most  of  which  were  mushrooms.  There  were  166 
carload  equivalents,  mostly  berries,  hauled  from  North  Carolina. 

Some  products  are  trucked  from  a  distance  to  the  farmers'  mar- 
kets, and  some  market-garden  products  are  sold  on  the  jobbing 
markets.  Arrivals  on  the  Wallabout  farmers'  market  were  equiva- 
lent to  6,917  cars  from  Long  Island,  715  from  other  New 
York  State  points,  58  from  Connecticut,  and  1  from  Rhode  Island. 
At  the  Gansevoort  farmers'  market  1,877  car-lot  equivalents  came 
from  New  Jersey,  944  from  Long  Island,  615  from  other  parts  of 
New  York  State,  and  54  from  Connecticut.  Probably  less  than  5 
per  cent  of  this  stock  came  from  beyond  the  market-garden  area  of 
a  40-mile  circle  from  the  center  of  the  city.  Formerly  much  of  the 
produce  from  this  area  was  hauled  in  rigs  which  were  conveyed 
part  of  the  distance  on  ferries  or  flat  cars. 

The  jobbing  markets  received  all  of  the  motor-truck  supplies 
arriving  from  Maryland,  North  Carolina,  and  Pennsylvania,  and,  in 
addition,  57  car-lot  equivalents  from  Connecticut,  660  cars  from  Dela- 
ware, 1,760  cars  from  Long  Island,  4  cars  from  Massachusetts,  8,711 
cars  from  New  Jersey,  2,199  cars  from  upper  New  York  State,  1  car 
from  Ehode  Island,  and  302  cars  from  Virginia. 

In  a  rough  way  the  motor-truck  area  of  New  York  City  extends 
from  Albany  on  the  north  through  western  Massachusetts  to  Rhode 
Island,  and  west  to  points  in  the  eastern  part  of  Pennsylvania 
New  Jersey  and  the  Eastern  Shore  section  are  included  in  the  area, 
and  some  motor-truck  receipts  come  from  the  Carolinas.  In  addi- 
tion a  few  truck  loads  of  lettuce  and  peas  come  from  western  New 
York,  and  a  few  truck  loads  from  Boston.  From  the  States  included 
in  this  area  56  per  cent  of  the  receipts  were  by  motor  truck,  exclusive 
of  market-garden  supplies. 

Motor-truck  receipts  as  well  as  total  receipts  were  shown  to  be 
lightest  in  February,  and  heaviest  in  August  and  September,  at  which 
time  rail  receipts  were  somewhat  lighter  than  in  the  period  from 
April  to  July  and  in  October.     (Fig.  9.) 

Severe  street  congestion  in  the  Washington  Street  jobbing  market 
has  resulted  in  difficulties  between  incoming  truckmen  and  the  mar- 
ket truckmen,  as  well  as  a  lack  of  enthusiasm  on  the  part  of  some 
dealers  toward  motor -truck  receipts.  After  considerable  contro- 
versy regulations  were  established  requiring  trucks  bringing  pro- 
duce to  the  market  to  arrive  by  10  o'clock  in  the  evening,  and  barring 
from  the  streets  trucks  measuring  more  than  30  feet,  from  9  p.  m. 
to  9  a.  m.  Formerly  trucks  measuring  30  to  35  feet,  and  some  longer, 
of  thetrailer  type,  caused  traffic  tangles  in  Washington  Street  which 
is  only  30  feet  wide,  and  in  side  streets  which  are  only  32  feet  wide 
on  an  average.     (Fig.  10.) 

LOS  ANGELES 

Motor-truck  receipts  predominate  at  Los  Angeles.  In  1929  there 
were  34,35 1-car  equivalents  reported  by  truck  compared  with  20,065 
cars  by  rail  and  boat,  or  63  per  cent  by  truck.  Of  the  motor-truck 
receipts  it  is  estimated  that  26,448  cars  came  from  outside  the  mar- 
ket-garden area  of  20  miles  from  the  city.  This  was  57  per  cent  of 
the  combined  long-distance  motor  truck,  rail,  and  boat  receipts. 


MARKETING  FBUITS  AND  VEGETABLES  BY  MOTOR  TRUCK 


67 


Practically  all  of  the  motor-truck  receipts  at  Los  Angeles  came 
from  California  except  some  beans  from  Mexico  and  lettuce  from 
Arizona. 

Oranges  lead  the  commodities  in  truck  arrivals  at  Los  Angeles, 
with  the  equivalent  of  3,258  cars,  followed  by  celery,  lettuce,  carrots, 
and  tomatoes,  each  with  more  than  2,000  cars  shipped  by  truck. 
(Table  27.) 


Table  27. — Comparison  of  motor-truck  receipts  with  rail  and  boat  unloads  of 
fruits  and  vegetahles  at  Los  Angeles  and  Salt  Lake  City,  1929  ^ 


Los  Angeles 

[Commodity 

State  of  origin  of  motor-truck  receipts 

Motor- 
truck 
unloads 

Rail  and  boat  un- 
loads from — 

States  in 
motor- 
truck 
area 

All 
sources 

Apples 

California 

do 

Cars 
183 
223 
93 
136 

1,155 
797 
106 

1,099 

1,837 

2,137 

1,173 

2,558 
48 

1,016 

423 

108 

73 

1,370 
605 
525 

2,526 
39 
756 

3,258 

167 

93 

634 

279 

1,010 
400 
268 

1,123 
254 
208 
158 

1,134 
642 
373 
777 
36 

2,127 
765 
871 
788 

Cars 

1,822 

245 

122 

513 

35 

0 

8 

50 

800 

23 

12 

150 

131 

0 

4 

3 

21 

34 

88 

0 

1,700 

42 

484 

46 

0 

0 

411 

425 

313 

5 

7 

3,772 

0 

9 

9 

29 

21 

147 

54 

2 

48 

1 

2,201 

325 

Cars 
3,110 
245 

Apricots     

Artichokes.. 

do 

122 

Asparagus ..    

do 

513 

Beans  2 

51 

Q 

Beets. - 

California 

Blackberries 

Cabbage 

do 

-    -  do 

8 
163 

Cantaloupes  3 

Carrots 

Cauliflower- 

do 

do 

do 

818 
23 
12 

Celery 

do 

151 

137 

2 

4 

9 

22 

Cherries 

Corn,  green 

do 

do 

Cucumbers.     

do 

Eggplant 

do 

Figs 

do 

Grapes 

do 

36 

168 

0 

1,701 

42 

680 

46 

0 

0 

518 

428 

352 

29 

Grapefruit 

do 

Lemons .. 

do.     -. 

Lettuce 

Arizona,  California 

Nectarines.. 

California 

Onions 

do 

Oranges 

do 

Parsley 

do      . 

Parsnips . 

Peas 

do 

do 

Pears. 

-  do 

Peaches. 

do 

Peppers 

do 

Plums  and  prunes       .      . 

.  do  . 

29 

Potatoes 

do 

6,830 

0 

15 

13 

29 

22 

324 

55 

2 

725 

40 

2,206 

<385 

Radishes 

do 

Rhubarb... 

.  do 

Raspberries- 

do 

Spinach _.  _..  

do 

Squash 

-  do     ** 

Sweetpotatoes 

Strawberries 

do 

do 

Tangerines 

do 

Tomatoes 

do 

Turnips 

do 

Watermelons     .--.-. 

do      .... 

Others  

do 

Total 

34,351 

14, 112 

20,065 

1  Includes  market-garden  receipts. 

2  All  beans  other  than  dry. 

3  Casabas,  honeydews,  and  other  melons  are  included  with  cantaloupes. 
*  Exclusive  of  bananas. 
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Table  27. — Comparison  of  motor-truck  receipts  with  rail  and  toat  unloads  of 
fruits  and  vegetaUes  at  Los  Angeles  and  Salt  Lake  City,  1929 — Con. 


Salt  Lake  City 

State  of  origin  of  motor-truck 
receipts 

Motor- 
truck 
tinloads 

Rail  unloads  from — 

Commodity 

States  in 
motor- 
truck 
area 

All 
sources 

Utah 

Cars 
112 
38 
0 
18 
40 
44 
7 

64 

179 

113 

27 

82 

27 

105 

54 

13 

0 

15 

0 

0 

90 

0 

104 

I 

23 
44 
26 
94 
31 
21 

527 
29 
10 
57 
49 
35 
0 
92 
0 

162 
48 
48 
27 

Cars 
7 
0 
0 
0 
0 
0 
0 
9 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
93 

299 
0 
0 
0 
0 
3 
0 
0 

126 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

1 

Cars 
21 

Apricots 

do 

0 

Artichokes      ...  _     .  ..  

do 

1 

Asparagus.-    .  .                . 

do 

8 

Beans  2 

do 

1 

Beets.   

do 

0 

Blacliberries- -                          .  .. 

....  do      . 

0 

Cabbage 

do 

65 

Cantaloupes  ^ .    .  ... 

do 

117 

Carrots.  . 

Nev0.da,  Utah 

16 

Cauliflower ..    .  

Utah 

4 

Celery 

do 

3 

Cherries 

do 

2 

Corn,  green .    .  .. 

do 

0 

Cucumbers.  _                            .  .. 

-  do 

8 

Eggplant 

do 

0 

Figs 

do 

1 

Grapes 

do 

95 

Grapefruit .  . 

do - 

74 

do 

45 

Lettuce 

do 

238 

Nectarines..  ..        .     .  

do 

0 

Onions    .                               ... 

do 

125 

Oranges. .  

California 

299 

Parsley     .  ...  _            .  . 

Utah    

0 

Parsnips 

do 

0 

Peas ...  

do 

6 

Pears 

do 

1 

Peaches ...... 

do 

3 

Peppers .         ... 

.  do       

3 

Plums  and  prunes 

do 

1 

Potatoes . 

Idaho,  Utah.. 

179 

Radishes 

Utah 

1 

Rhubarb 

do 

7 

Raspberries.-                     .      .  . 

-.  do 

0 

Spinach 

do 

44 

Squash...      ..                  .  .  .  .  . 

do 

1 

Sweetpotatoes 

do 

55 

Strawberries  .      .     .      .... 

do 

34 

..  do     

0 

Tomatoes 

do 

77 

Turnips  ...      ..  .  . ... 

do 

1 

Watermelons 

do      

182 

Others 

do 

*  127 

Total 

2,464 

543 

1,845 

2  All  beans  other  than  dry. 

3  Casabas,  honeydews,  and  other  melons  are  included  with  cantaloupes. 
*  Exclusive  of  bananas. 


Practically  every  commodity  grown  in  southern  California  is 
brought  into  Los  Angeles  by  truck.  Green  vegetables  are  nearly  all 
received  in  this  way  with  the  exception  of  lettuce  from  the  Salinas 
district,  which  is  considered  too  far  away  for  motor-truck  hauling. 
Imperial  Valley  ships  much  lettuce,  and  many  cantaloupes  and  other 
commodities  a  distance  of  225  miles  to  Los  Angeles  by  truck.  Few 
watermelons  are  trucked  since  they  can  not  be  piled  high  in  a  truck, 
and  the  freight  revenue  from  them  is  low.     (Fig.  11.) 

During  1929  the  equivalent  of  1,936  cars,  consisting  mostly  of 
lettuce  and  peas,  came  by  truck  from  the  Central  Coast  district,  an 
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average  distance  of  about  200  miles.  Motor-truck  receipts  from  the 
San  Joaquin  Valley  amounted  to  1,516  carloads,  mostly  grapes, 
apricots,  and  peaches,  coming  from  points  160  to  300  miles  distant! 
Some  950  cars  were  received  by  truck  from  San  Diego  County,  100 
or  more  miles  distant,  and  a  comparatively  small  quantity  came  from 
Sacramento,  over  400  miles  away.  A  few  truck  loads  have  been 
received  from  Portland,  Oreg.,  and  Salt  Lake  City,  over  800  miles 
away. 
Motor-truck  receipts  during  the  first  seven  months  of  1930  totaled 


18,851 


carloads,  an  increase  of 


1,224  carloads. 


or  6.9  per  cent  over 


FiGUBE  11. — A   busy   (lay  mi   the   Los  Angeles  market 


the  corresponding  period  of  1929.  Some  increase  is  attributable  to 
an  earlier  season,  but  this  is  offset  by  a  lighter  crop  of  citrus  fruits. 
In  the  spring  of  1930  a  tabulation  of  motor-truck  receipts  was 
made  by  bureau  representatives  which  showed  that  57  per  cent  went 
to  wholesale  houses,  42  per  cent  to  the  farmers'  market,  and  about 
1  per  cent  to  miscellaneous  factors,  principally  directly  to  chain 
stores.  The  quantity  trucked  to  independent  retail  stores  and  con- 
sumers was  negligible. 

SALT   LAKE   CITY 

Salt  Lake  City  received  1,845  cars  by  rail,  as  compared  with  1,232 
cars  by  truck,  from  outside  the  market-garden  area  in  1929,  or  40 
per  cent  by  truck,  according  to  daily  reports  of  dealers  to  Federal 
Market  News  Service  representatives.  Including  local  produce,  2,464 
cars  were  received  by  truck,  or  57  per  cent  of  the  total  receipts  of 
fruits  and  vegetables. 
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^  All  of  the  motor-truck  receipts  came  from  Utah  with  the  excep- 
tion of  some  carrots  from  Nevada,  1  car  of  oran^^es  from  Califor- 
nia, and  some  potatoes  from  Idaho.  Practically  all  fruits  and  veg- 
etables received  from  Utah  and  Nevada  came  by  truck. 

Potatoes  led  in  motor-truck  receipts,  with  527  cars,  followed  by 
cantaloupes,  tomatoes,  carrots,  apples,  green  corn,  and  onions,  each 
with  more  than  100  cars  by  truck.     (Table  27.) 

The  use  of  trucks  has  made  Salt  Lake  City  a  marketing  center 
for  the  surrounding  territory  within  a  radius  of  250  to  350  miles. 
The  volume  of  produce  sold  over  the  growers'  market  is  increasing 
each  year,  though  the  number  of  trucks  is  decreasing  because  of 
the  use  of  larger  trucks  by  truckmen-merchants  and  the  organization 
of  motor-truck  cooperatives  among  farmers. 

Practically  all  trucked-in  produce  is  sold  over  the  growers'  whole- 
sale market,  which  is  owned  and  controlled  by  farmers  themselves. 
Such  retailing  as  is  done  is  carried  on  by  peddlers  and  small  jobbers 
near  the  market.  Over  90  per  cent  of  the  sales  on  the  growers'  mar- 
ket were  estimated  to  be  in  unbroken  packages. 

Under  this  system  of  marketing  home-grown  produce,  the  chain- 
store  buyer,  the  corner  groceryman,  the  fruit-stand  operator,  repre- 
sentatives of  wholesale  houses,  and  restaurant  owners  visit  the  grow- 
ers' market  early  in  the  morning  and  buy  their  supplies  for  the  day. 

Irrigated  areas  within  a  distance  of  15  miles  of  each  side  of  Salt 
Lake  City  produce  a  large  percentage  of  the  fruits  and  vegetables 
for  the  local  market.  The  principal  commodities  hauled  by  truck 
from  a  distance  are  potatoes  from  Pocatello,  Idaho,  a  distance  of  200 
miles,  and  from  Moapa  Valley,  Nev.,  475  miles  distant,  comes  a  con- 
siderable volume  of  bunched  vegetables,  cantaloupes,  and  water- 
melons. In  the  latter  section  growers  are  reverting  to  mixed  cars 
by  rail  as  a  cheaper  method  of  transportation.  Loads  of  fruit  are 
obtained  by  trucks  at  Los  Angeles,  a  distance  of  740  miles,  and 
peddled  along  the  way ;  the  remnants  are  unloaded  at  Salt  Lake  City. 
A  few  trucks  make  the  trip  periodically  throughout  the  year  hauling 
loads  both  ways. 

There  is  little  dissatisfaction  among  the  wholesalers  regarding  the 
system  of  marketing  trucked-in  produce  in  Salt  Lake  City.  Whole- 
salers are  usually  able  to  buy  slightly  under  the  price  paid  by  retail 
stores  and  handle  considerable  local  produce,  principally  for  redis- 
tribution to  outlying  towns. 

ST.   LOUIS 

Estimates  of  long-distance  receipts  arriving  by  truck  were  obtained 
from  dealers  in  St.  Louis,  and  estimates  of  shipments  by  motor  truck 
to  St.  Louis  were  obtained  from  growers  and  shippers  in  southern 
Illinois.  These  estimates,  although  slightly  incomplete  and  includ- 
ing about  400  carload  equivalents  of  potatoes  grown  near  by,  along 
the  edge  of  the  market-garden  area,  accounted  for  a  motor-truck 
movement  of  847  cars  to  St.  Louis  in  1928.  Market-garden  supplies 
other  than  the  potatoes  mentioned  were  not  included.  The  847  cars 
mentioned  were  41  per  cent  of  the  total  receipts  from  Illinois,  Mis- 
souri, Michigan,  and  Tennessee,  and  5  per  cent  of  the  total  receipts 
from  all  sections.     (Table  28.) 
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The  principal  long-distance  motor-truck  receipts  were  apples  from 
Calhoun  County,  111.,  and  strawberries  from  widelj^  scattered  points 
in  southern  Illinois,  Tennessee,  and  Missouri.  Thirty-one  cars  of 
peaches  were  trucked  in  from  the  Centralia  and  Egypt  districts  of 
Illinois,  and  a  few  truck  loads  of  peaches,  cherries,  and  berries  were 
received  from  Michigan.  Eight  car-lot  equivalents  of  cantaloupes 
were  trucked  up  from  southern  Illinois,  together  with  a  few  truck 
loads  of  asparagus.     (Table  28.) 

Most  of  the  motor-truck  receipts  at  St.  Louis  go  through  the  whole- 
sale market  channels.  Calhoun  County  apples  arriving  by  truck  are 
largely  sold  on  commission.  The  trucked-in  stock  of  potatoes  is 
largely  sold  and  delivered  to  jobbers  and  retailers  by  farmers. 


INDIANAPOLIS 


Long-distance  motor-truck  receipts  of  fruits  and  vegetables  at 
Indianapolis  in  1928  were  estimated  at  266  cars,  which  is  probably 
slightly  incomplete.  These  receipts  were  from  Illinois,  Indiana,  Ten- 
nessee, and  Michigan  and  represented  51  per  cent  of  the  rail  and 
motor-truck  receipts  from  these  States  and  4  per  cent  of  total  Indi- 
anapolis receipts,  excluding  market-garden  production.     (Table  28.) 


Table  28. — Comparison  of  motor-truch  with  rail  Ortid  boat  unloads  of  important 
fruits  and  vegetaMes  at  St.  Louis  and  Indianapolis,  1928^ 


St.  Louis 

2 

Commodity 

State  of  origin  of  motor-truck  receipts 

Motor 
truck, 
esti- 
mated 

Rail  and  boat 

States  in 
motor- 
truck 
area 

AU 
sources 

Apples 

Illinois  ,  Missouri 

Cars 

363 

8 

31 

400 

44 

Cars 
615 
0 
204 
320 
65 

Cars 
1,325 
710 

Cantaloupes -  . 

Illinois • 

Peaches  ...    . 

Michigan,  Illinois 

816 

Potatoes 

Illinois,  Missouri 

3,647 
330 

Strawberries 

Tomatoes 

527 

Watermelons 

1,001 

others  3 

Illinois 

1 

7,243 

Total 

847 

1,204 

15,599 

1  These  estimates  of  motor-truck  receipts  are  based  upon  interviews  with  growers  and  shippers  in  the 
main  producing  areas  near  these  markets,  and  with  dealers  in  the  markets.  They  do  not  include  market- 
garden  supplies  which  have  always  moved  to  market  by  road  vehicles,  and  are  not  quite  complete  for 
motor-truck  receipts  from  a  distance. 

2  Potatoes  received  by  motor  truck  are  grown  within  30  miles  of  St.  Louis.  Otherwise  market-garden 
produce,  though  important  at  St.  Louis,  is  excluded.  In  addition  to  these  figures  some  grapes,  cherries, 
and  berries  came  from  Michigan  by  motor  truck. 

3  Asparagus  at  St.  Louis  and  mixed  vegetables,  cucumbers,  and  sweetpotatoes  at  Indianapolis. 
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Table  28. — Comparison  of  motor-truck  with  rail  and  l)oat  unloads  of  important 
fruits  and  vegetables  at  St.  Louis  and  Indianapolis,  1928 — Continued 


Indianapoli 

s  * 

Commodity 

State  of  origin  of  motor-truck  receipts 

Motor 

truck, 

esti-' 

mated 

RaU 

States  in 
motor- 
truck 
area 

All 
sources 

Illinois,  Indiana,  Tennessee,  Michigan. 

Cars 
81 
38 
55 
10 
11 
38 
33 

Cars 
156 
23 

47 
2 
0 

19 

8 

Cars 
725 

Cantaloupes 

Peaches 

222 

Indiana,  Illinois,  Michigan 

412 

Strawberries 

Indiana 

263 

.  .  do          

133 

Watermelons 

do 

449 

Others3      .-. 

do 

4,831 

Total 

266 

255 

7, 035 

3  Asparagus  at  St.  Louis  and  mixed  vegetables,  cucumbers,  and  sweetpotatoes  at  Indianapolis. 

*  Production  within  20  miles  of  Indianapolis,  which  is  excluded,  is  rather  large  in  fruits  and  vegetables , 
including  greenhouse  production  and  canning  tomatoes.  In  summer  and  fall  there  is  considerable  ad- 
ditional movement  by  truck  from  Michigan  of  lettuce,  peaches,  grapes,  celery,  and  berries. 

Apples  led  in  estimated  motor-truck  receipts  with  81  cars,  foilow^ed 
by  peaches  with  55  cars,  and  cantaloupes  and  watermelons  with  38 
cars  each.  Most  of  the  apples  came  from  Knox  and  Orange  Counties, 
Ind.,  although  there  were  a  few  truckloads  from  Illinois,  Michigan, 
and  Tennessee.     (Table  28.) 

Of  the  peaches  it  is  estimated  that  52  cars  came  by  truck  from 
Knox  County,  Ind.,  and  2  cars  from  Illinois.  A  few  truckloads 
came  from  Michigan  late  in  the  season. 

The  equivalent  of  about  23  carloads  of  cantaloupes  and  water- 
melons was  trucked  from  Jackson  County,  and  53  carloads  from 
Knox  County  and  adjacent  areas  during  1928. 

The  equivalent  of  12  cars  of  hothouse  cucumbers  and  6  cars  of 
mixed  vegetables  were  transported  from  producers  near  Terre  Haute 
to  Indianapolis  by  truckmen  carriers. 

All  of  the  Indiana  tomatoes  used  at  Indianapolis  for  fresh  con- 
sumption arrived  by  truck,  except  small  1.  c.  1.  lots.  Of  the  trucked 
tomatoes  about  11  cars  came  from  Knox  County  district  and  the 
remainder  from  nearer  localities.  Fifteen  cars  of  sweetpotatoes  came 
by  truck  from  the  Knox  County  district. 

The  market-garden  area  near  Indianapolis  supplies  a  large  quan- 
tity of  produce,  both  field  and  greenhouse,  which  is  brought  in  by 
vehicles.  The  long-distance  receipts  increased  moderately  at  Indian- 
apolis during  several  years  preceding  1928  and  increased  sharply 
in  1929.  A  striking  phase  of  this  increase  is  the  receipts  of  berries 
apples,  peaches,  grapes,  celery,  and  other  products  from  Michigan. 
This  fruit  leaves  the  Benton  Harbor  and  Kalamazoo  districts  in 
the  evening  and  is  delivered  in  Indianapolis  for  the  early  morning 
trade. 
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BUFFALO,  ROCHESTER,  AND  SYRACUSE 

A  comparison  of  estimated  motor-truck  and  reported  rail  unloads 
of  12  important  fruits  and  vegetables  at  these  three  cities  in  1928 
is  shown  in  Table  29.  Estimates  of  the  trade  show  that  3,343  car 
equivalents  of  these  items  w^ere  received  in  Buffalo  by  truck,  ex- 
cluding market-garden  supplies.  This  w^as  38  per  cent  of  all  receipts 
of  these  commodities  at  Buffalo,  and  90  per  cent  of  the  receipts  from 
New  York  State,  excluding  market-garden  supplies.  Rochester  re- 
ceived 2,264  cars  by  truck,  from  beyond  the  market-garden  area,  or 
50  per  cent  of  rail  and  long-distance  motor-truck  receipts  of  the  12 
important  fruits  and  vegetables  considered  and  93  per  cent  of  all 
receipts  from  New  York  State,  excluding  market-garden  receipts. 
Syracuse  received  1,715  cars,  or  51  per  cent  by  truck,  of  the  receipts 
of  the  12  items  considered,  and  96  per  cent  of  the  receipts  of  these 
items  from  New  York  State.     (Table  29.) 

Table  29. — Comparison  of  motor-truck  and  rail  unloads  of  12  important  fruits 
and  vegetables  at  Buffalo,  Rochester,  and  Syracuse,  1928 ^ 


Commodity 


Apples.-. 

Cabbage 

Celery 

Grapes 

Lettuce 

Onions. 

Peaches 

Pears 

Plums  and  prunes. 

Potatoes 

Strawberries 

Tomatoes 


Total 3,343 


Buffalo 


Motor 
truck, 
esti- 
mated 


Cars 

445 

158 

170 

305 

120 

33 

239 

63 

40 

1,723 

0 

.  47 


Raa 


New 
York 
State 


Cars 

21 

18 

168 

0 

0 

84 

0 

0 

0 

91 

0 

0 


382 


All 
sources 


Cars 

298 
246 
459 
898 
645 
392 
410 
131 
48 
1,257 
415 
346 


5,545 


Rochester 


Motor 
truck, 
esti- 
mated 


Cars 

167 

89 

122 

183 

0 

86 

117 

35 

24 

3,433 

0 

8 


2,264 


Rail 


New 
York 
State 


Cars 

35 

0 

15 

0 

59 

40 

0 

0 

0 

12 

1 

0 


162 


All 
sources 


Cars 
184 

83 
131 
659 
246 
154 
174 

16 

1 

424 

142 

79 


Syracuse 


Motor 
truck , 
esti- 
mated 


Cars 

217 

39 

54 

175 

36 

55 

119 

24 

8 

986 

1 

1 


2,  293       1,  715 


Rail 


New 
York 
State 


Cars 

10 
0 

28 
0 
1 

18 
0 
1 
0 

17 
1 
0 


All 
sources 


Cars 


43 

92 
470 
186 

63 
126 

33 

8 

328 

144 

108 


1.659 


1  The  motor-truck  receipts  are  estimated  from  destination  reports  from  the  21  principal  producing  counties 
in  western  New  York.  Market-garden  supplies— that  is,  products  grown  within  15  miles  from  each  of  these 
cities— are  excluded.  Within  this  market-garden  area  at  Rochester  a  large  quantity  of  fruit  and  many  kinds 
of  vegetables  are  produced.  Within  the  market-garden  areas  near  Buffalo  and  Syracuse  vegetables  consti- 
tute the  main  production.  Buffalo  obtains  relatively  small  additional  receipts  by  motor  truck  from 
Canada  and  Ohio  and  Syracuse  from  several  other  western  New  York  counties. 


It  is  apparent  that  motor-truck  shipments  supply  such  a  large 
part  of  the  needs  of  these  cities  with  products  available  in  western 
New  York  that  much  increase  is  contingent  upon  a  wider  radius 
from  which  supplies  are  drawn,  an  increase  in  population  or  in 
the  area  of  redistribution,  or  new  production. 

The  products  that  lead  in  motor-truck  receipts  at  these  markets 
in  order  of  importance  are :  Potatoes,  apples,  grapes,  peaches,  celery, 
and  cabbage.  Kail  receipts  from  western  New  York  are  made  up 
chiefly  of  celery,  onions,  potatoes,  apples  and  lettuce.  Some  increase 
in  truck  shipments  of  celery  and  lettuce  was  noted  in  1929,  but 
there  was  slightly  less  activity  in  potatoes  and  onions. 
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OTHER  CITIES  3 

Pittsburgh  received  only  417  (estimated)  cars  by  truck  on  the 
wholesale  market  compared  with  29,279  cars  by  rail  in  1929.  Con- 
siderable additional  supplies  came  from  near-by  market-garden 
farms  and  were  sold  direct  to  retail  stores  or  consumers.  The 
principal  areas  supplying  Pittsburgh  by  truck  are  eastern  and 
northeastern  Ohio,  Chautauqua  County,  N.  Y.,  and  a  few  points  in 
northwestern  Pennsylvania.  The  principal  commodities  from  Ohio 
were  cucumbers,  lettuce,  radishes,  tomatoes,  green  corn,  and  berries. 
Mushrooms  were  brought  from  Pennsylvania  points.  Grapes  and 
tomatoes  came  from  Chatauqua  County,  N.  Y.  A  few  truck  loads 
of  North  Carolina  and  Virginia  berries  arrived  on  the  market  in 
1929,  but  were  not  satisfactory.  The  most  distant  points  from  which 
supplies  are  trucked  to  Pittsburgh  are  not  more  thai^  150  miles, 
and  the  volume  is  so  small  that  the  effects  on  the  market  are 
inconsequential. 

Chicago  motor-truck  receipts  are  relatively  small — they  were  esti- 
mated by  the  Federal  Market  News  reporters  in  1929  at  5  per  cent 
of  the  total  receipts  and  of  this  quantity  60  per  cent  was  estimated 
to  have  originated  in  the  market-garden  area.  It  was  further  esti- 
mated that  about  20  per  cent  of  the  motor-truck  receipts  was  deliv- 
ered to  the  wholesale  market,  70  per  cent  sold  on  farmers'  and  motor- 
truck jobbing  markets,  and  about  10  per  cent  sold  to  retailers  and  con- 
sumers. Tree  fruits,  berries,  celery,  cucumbers,  tomatoes,  cantaloupes, 
lettuce,  and  onions  are  trucked  irom  southwestern  Michigan;  tree 
fruits,  cantaloupes,  tomatoes,  and  strawberries  from  Indiana;  vege- 
tables of  many  kinds  and  cherries  from  northern  Illinois ;  and  straw- 
berries, cabbage,  onions,  cherries,  and  tomatoes  from  southeastern 
Wisconsin.  Maximum  distances  of  origin  reported  for  certain  com- 
modities were :  Tomatoes  110  miles,  cabbage  75  miles,  strawberries 
85  miles,  onions  110  miles,  peaches  150  miles,  cantaloupes  110  miles, 
and  apples  125  miles.  During  1927  and  1928  the  increase  in  motor- 
truck receipts  was  believed  to  have  been  from  15  to  20  per  cent  for 
each  year,  but  the  increase  was  negligible  in  1929. 

Minneapolis  motor-truck  receipts  on  the  wholesale  market  are 
not  of  great  importance  except  as  they  refer  to  local  vegetable 
crops.  A  few  watermelons  and  tomatoes  are  occasionally  trucked 
from  the  Muscatine  section.  Receipts  by  truck  on  the  wholesale  and 
farmers'  markets  from  the  area  which  formerly  hauled  to  market 
by  wagon  comprise  about  25  per  cent  of  the  total  motor-truck 
receipts.  The  farmers'  market,  when  originally  built,  was  designed 
for  the  section  that  could  be  served  by  wagons,  but  in  the  last  few 
years  the  increase  in  motor-truck  receipts  has  been  so  great  that  the 
market  is  far  too  small  to  accommodate  well  those  who  wish  to  sell 
in  this  way.  Practically  all  of  the  cabbage  received  by  truck  is 
from  within  a  radius  of  about  50  miles,  although  some  early  lots 
come  as  far  as  150  miles.  The  principal  commodities  trucked  in  are 
cabbage,  potatoes  from  as  far  as  Pine  County  to  the  north  and 
Stearns  County  to  the  west,  and  onions  from  near  by  and  some  from 
the  HoJlendale  section. 

s  Estinmtes  furnished  by  Federal  Market  News  reporters  in  their  respective  markets. 
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At  Baltimore  motor-truck  receipts  have  been  gradually  supplant- 
ing express  shipments  from  North  Carolina,  Virginia,  Pennsylvania, 
western  Maryland,  New  Jersey,  and  the  Eastern  Shore.  Notable 
and  extreme  long-distance  shipments  received  at  Baltimore  during 
1929-30  were:  From  Georgia,  tomatoes;  from  North  Carolina  and 
South  Carolina,  peaches,  strawberries,  dewberries,  blackberries, 
beans,  peas,  cabbage,  cucumbers,  and  squash;  from  Maryland,  Dela- 
ware, Virginia,  and  Pennsylvania,  apples,  berries,  peaches,  and  vari- 
ous vegetables ;  from  New  Jersey,  beets  and  various  vegetables ;  from 
western  New  York,  lettuce  and  celery. 

At  Kansas  City  trucks  occasionally  arrive  from  Arkansas  and 
southwest  Missouri  with  apples,  cantaloupes,  peaches,  grapes,  rad- 
ishes, and  sweetpotatoes ;  and  from  Oklahoma  with  radishes,  from 
distances  up  to  200  and  300  miles.  But  85  to  90  per  cent  of  the 
trucked-in  stock  is  from  the  market-garden  area  within  25  to  30 
miles  of  the  city.  For  instance,  trucked-in  lettuce  supplies  the 
market  for  about  2  weeks,  cantaloupes  for  3  weeks,  potatoes  for  6  to  9 
weeks,  and  SAveetpotatoes  and  many  other  products  for  2  months  or 
longer.  From  1927  to  1929  the  annual  increase  in  motor-truck 
receipts  was  estimated  at  331/3  per  cent. 

New  Orleans  motor-truck  receipts  come,  for  the  most  part,  from 
the  market-garden  area,  and,  it  is  estimated,  furnish  about  25  per 
cent  of  the  fruit  and  vegetable  supply  coming  to  the  city.  In  1930 
an  occasional  truck  loaded  with  Texas  tomatoes  arrived  in  New 
Orleans  from  a  distance  of  400  miles.  Trucks  are  now  hauling  a 
large  part  of  the  produce  which  came  to  New  Orleans  by  boat 
previous  to  1930.  About  200  trucks,  owned  by  farmers,  operate  in 
this  movement.  Aside  from  this  displacement  of  boat  business,  the 
total  quantity  of  stock  trucked  into  New  Orleans  has  not  changed 
much  in  the  last  three  years.  The  total  motor-truck  receipts  of 
the  18  leading  commodities  in  1929  were  estimated  at  2,700  cars,  as 
compared  with  5.885  cars  shipped  by  rail  and  boat.  According  to  the 
estimates,  about  5  per  cent  of  the  trucked-in  stock  is  handled  on  the 
wholesale  market,  90  per  cent  is  handled  on  the  farmers'  market,  and 
5  per  cent  is  sold  direct  to  retail  stores  and  consumers.  The  trucked- 
in  stock  consisted  of  strawberries  and  a  great  variety  of  vegetables 
and  came  mainly  from  within  a  radius  of  70  miles  of  the  city  and 
mostly  from  within  10  to  15  miles. 

At  Atlanta  motor-truck  receipts  of  fruits  and  vegetables  practi- 
cally supply  the  city  during  June,  July,  and  August  with  many 
items  and  are  important  during  certain  other  seasons.  Possibly  one- 
fourth  to  one-third  of  the  motor-truck  receipts  come  from  the  mar- 
ket-garden area.  From  Florida  large  volumes  of  green  beans,  cab- 
bage, cucumbers,  and  squash  arrive  by  truck.  South  Carolina  motor- 
truck receipts  consist  principally  of  asparagus,  cabbage,  and  green 
beans.  Strawberries  in  fairly  large  volume  come  from  Alabama  and 
Tennessee.  Georgia  supplies  a  great  variety  of  vegetables  and  decidu- 
ous and  small  fruits.  There  has  been  a  steady  growth  in  the  volume  of 
motor-truck  receipts  during  the  last  three  years,  supplies  of  this  kind 
probably  doubling  during  that  time.  Trucks  loaded  with  produce 
gather  in  large  numbers  on  a  few  streets  early  each  morning  where 
the  fruits  and  vegetables  are  jobbed  out,  and  a  large  number  of 
farmers  also  sell  direct  to  retail  stores  throughout  the  city. 
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At  Seattle  the  geographical  situation  restricts  the  movement  of 
produce  over  any  ^reat  distance.  The  principal  area  from  which 
truckmen  draw  their  trade  is  to  the  north  and  south  and  among  the 
Puget  Sound  Islands.  Much  of  the  motor-truck  receipts  consists  of 
various  garden  vegetables,  together  with  berries  and  potatoes.  There 
is  a  considerable  business  in  reshipping  these  items  from  Seattle  in 
car  lots.  Probably  between  75  and  85  per  cent  of  the  motor-truck  re- 
ceipts are  from  the  market-garden  area.  In  addition,  asparagus, 
apples,  melons,  grapes,  peaches,  and  other  soft  fruits  are  hauled  from 
the  Yakima  Valley  in  season.  String  beans,  green  peas,  and  other 
early  garden  vegetables  are  hauled  from  The  Dalles,  Ore.,  via  Port- 
land. During  the  winter  months  there  is  practically  no  motor-truck 
hauling  over  the  Cascades  because  of  the  impassable  condition  of  the 
roads. 

Most  of  the  motor-truck  receipts  at  Portland,  Ore.,  variously  esti- 
mated at  from  50  to  65  per  cent,  originate  within  25  miles  of  the  city. 
During  1929  it  was  estimated  that  901  cars  arrived  at  the  east  Alder 
Street  market  by  truck,  and  this  probably  represents  about  one-third 
of  the  city's  motor-truck  receipts.  A  considerable  volume  of  fruits 
and  vegetables  comes  from  Walla  Walla  and  Yakima,  Wash.,  and 
from  Eoseburg,  Ore.,  about  300  miles  distant,  as  well  as  from  inter- 
mediate points.  A  few  trucks  are  operated  at  about  weekly  intervals 
from  Sacramento  and  Los  Angeles  to  Portland.  These  California 
lines  mostly  distribute  to  southern  and  central  Willamette  Valley 
towns,  completing  their  unloading  at  Portland,  where  they  buy  a 
return  load  of  deciduous  fruit.  Long-distance  truck  transportation 
has  been  increasing  steadily.  Prior  to  1930  apples  were  received  from 
Washington  and  eastern  Oregon  almost  entirely  by  rail.  From  Feb- 
ruary to  May,  1930,  only  2  cars  were  received  from  these  regions 
by  rail  and  about  30  cars  by  truck. 

REDISTRIBUTION  BY  MOTOR  TRUCK  FROM  LARGE  CITY  MARKETS 

BALTIMORE 

To  ascertain  the  extent  to  which  the  motor  truck  is  used  in  trans- 
porting products  from  a  major  market  to  its  surrounding  trade  ter- 
ritory, and  the  effects  of  this  movement  upon  the  trade,  35  wholesale 
dealers  Avere  interviewed  in  Baltimore  in  the  spring  of  1930. 

From  these  interviews  it  was  estimated  that  24  per  cent  of  the 
wholesale  trade  in  fruits  and  vegetables  at  Baltimore  left  the  city  by 
motor  truck,  as  against  4  per  cent  by  express,  1.  c.  1.,  and  mixed  cars, 
and  72  per  cent  consumed  in  Baltimore. 

The  limit  of  this  motor-truck  movement  out  of  Baltimore  to  the 
north  was  Williamsport  (175  miles),  at  w^hich  point  Baltimore  came 
into  competition  with  Rochester  on  motor-truck  trade.  To  the  west 
the  practical  limit  was  Cumberland  (140  miles),  at  which  point 
trucks  occasionally  arrived  laden  with  fruits  and  vegetables  from 
Pittsburgh.  A  considerable  volume  also  went  to  Winchester,  Va., 
Martinsburg,  W.  Va.,  and  surrounding  area.  From  the  south,  motor 
trucks  came  from  as  far  as  Farmville,  Richmond,  and  Norfolk,  Va. 
(250  miles).  Philadelphia  trade  restricts  the  motor-truck  movement 
out  of  Baltimore  to  the  east  to  about  Elkton,  Md.  (40  miles),  and  to 
a  little  business  on  the  Eastern  Shore  and  in  Wilmington,  Del.    Some 
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intercity  motor-truck  shipments  occur  from  Baltimore  to  New  York 
City,  Philadelphia,  Scranton,  and  Washington,  D.  C. 

Long-distance  motor-truck  reshipments  (beyond  20  miles)  began 
at  Baltimore  during  the  World  War.  The  growth  of  this  movement 
was  slow  until  about  1925,  when  trucking  began  to  be  an  important 
factor  in  the  out-bound  movement.  Dealers  estimate  that  the  volume 
doubled  in  the  three  years  1926-1929  and  increased  25  per  cent  during 
1929.  The  shipments  of  mixed  cars  from  the  pier  into  surrounding 
towns  were  reported  as  30  to  35  a  week  10  years  ago,  but  were  only 
3  to  5  a  week  in  the  spring  of  1930. 

The  consensus  of  opinion  was  that  the  volume  of  business  moving 
out  of  Baltimore  by  truck  was  still  increasing  and  would  continue 
to  increase. 

In  the  area  from  Baltimore  to  Harrisburg,  Pa.;  Hagerstown, 
Md. ;  Martinsburg,  W.  Va.;  and  Winchester,  Va.,  the  receipts 
from  Baltimore  are  in  large  volume  and  are  mainly  by  motor  truck. 
Hagerstown,  York,  and  Annapolis  are  chiefly  supplied  from  Balti- 
more by  motor  truck,  except  for  cars  of  potatoes,  cabbage,  and  water- 
melons bought  direct  from  growing  areas.  Redistribution  from  Bal- 
timore to  Washington,  D.  C.,  has  been  lessened  during  recent  years. 
Washington  has  become  a  major  car-lot  receiving  market  and  is  a 
slight  competitor  of  Baltimore  for  redistribution  in  a  radius  of  15 
to  20  miles. 

The  motor-truck  movement  south  and  east  from  Baltimore  is  small, 
but  the  volume  going  into  south-central  Pennsylvania,  up  the  Susque- 
hanna Valley,  and  westward  in  the  Cumberland-Shenandoah  Valleys 
of  Maryland,  West  Virginia,  and  Virginia  is  rather  large. 

Several  Baltimore  dealers  trucked  to  near-by  towns,  and  several 
others  utilized  truckman-carrier  companies  to  deliver  orders  out  of 
the  city.  It  was  estimated  that  about  one-twelfth  of  the  out-bound 
motor-truck  movement  was  in  Baltimore  dealers'  trucks  and  by 
truckmen  carriers.  The  remainder  of  the  motor-truck  movement  was 
by  retailers,  peddlers,  truckmen  merchants,  and  wholesalers  who  came 
into  Baltimore  from  surrounding  towns  and  bought  in  Bolton  yards 
and  in  the  jobbing  section.  The  largest  volume  continued  to  be 
hauled  by  wholesalers  from  out  of  town,  but  the  truckman-merchant 
method  has  been  growing.  The  trade  in  York  County,  Pa.,  is  mainly 
supplied  from  Baltimore  by  numerous  small  truckmen  merchants, 
many  of  whom  are  farmers.  Farmers  come  into  the  wholesale  mar- 
ket in  the  spring  from  some  distance  to  truck  out  seed  potatoes. 

The  rail  reshipping  of  fruits  and  vegetables  out  of  Baltimore  to 
its  trade  territory  is  limited  to  mixed  cars  into  the  outer  area  and  to 
express  and  1.  c.  1.  emergency  shipments.  For  instance,  some  dealer 
in  an  outlying  town  may  need  some  item  on  days  when  his  truck  does 
not  go  to  market ;  or  his  requirements  may  be  less  than  a  truck  load, 
so  that  he  prefers  to  express  the  small  lots  rather  than  send  his  truck 
to  market.  Again,  he  may  buy  more  than  he  can  load  on  his  truck 
and  may  ship  the  surplus  by  1.  c.  1.  freight  or  express.  Several  deal- 
ers at  Baltimore  supply  their  trade  by  boat  at  near-by  coastal  towns 
such  as  Norfolk  and  Newport  News. 

There  is  overnight  service  by  truckmen  carriers  from  Baltimore 
to  New  York,  Philadelphia,  and  Washington.    When  the  Baltimore 
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market  is  oversupplied  and  prices  are  lower  than  in  other  large  city 
markets  near  by,  wholesale  dealers  hire  these  truckmen  to  transport 
produce  to  these  cities  and  occasionally  to  Scranton,  Wilkes-Barre, 
and  Richmond. 

These  intercity  movements  may  serve  as  a  stabilizing  influence, 
frequently  relieving  a  market  of  a  burdensome  surplus  and  prevent- 
ing price  demoralization.  Thus  Baltimore  County  strawberries  may 
be  trucked  to  New  York  City,  enabling  local  dealers  to  maintain 
prices.  Growlers  sometimes  complain  that  the  strawberries  sold  thus 
in  New  York  City  do  not  net  them  so  much  as  those  sold  in  Balti- 
more. They  overlook  the  fact  that  but  for  the  relief  of  the  pressure 
the  Baltimore  market  would  have  been  demoralized. 

Some  jobbers  stated  that  sales  to  truckmen  at  the  wharf  store  or  car 
door  saves  the  crating  of  some  products,  as  bananas  and  cabbage,  and 
saves  the  marking,  hauling,  and  billing  necessary  when  shipment  is  by 
mixed  cars.  Troubles  on  account  of  delayed  and  damaged  deliveries 
encountered  in  rail  shipping  are  avoided.  The  purchaser  sees  the 
merchandise  he  buys,  loads  it  on  his  truck,  and  may  pay  cash  at  once. 

PITTSBURGH 

In  the  study  of  redistribution  from  large  city  markets,  42  dealers 
were  interviewed  in  Pittsburgh  in  the  spring  of  1930. 

Fift}^  per  cent  of  the  total  car-lot  unloads  of  fruits  and  vegetables 
at  Pittsburgh,  it  was  estimated,  left  the  city  by  motor  truck  as  against 
12  per  cent  by  express,  1.  c.  1.,  mixed  cars  and  by  boat  in  1930, 
and  38  per  cent  was  consumed  in  the  city  proper.  The  motor- 
truck movement  out  of  Pittsburgh  is  not  closely  restricted  by  com- 
peting markets  except  toward  Cleveland  and  to  a  slight  degree 
toward  Columbus.  Pittsburgh's  motor-truck  trade  territory  meets 
that  of  Buffalo  to  the  north  and  that  of  Baltimore  to  the  southeast, 
but  the  motor-truck  movement  to  these  competing  limits  of  the  trade 
areas  is  greatly  restricted  by  distance  and  mountains.     (Fig.  12.) 

The  population  within  the  motor-truck  trade  territory  of  Pitts- 
burgh (Fig.  12)  was  nearly  4,000,000,  according  to  the  census  of 
1930.  With  such  a  populous  district  that  is  largely  nonproducing 
in  regard  to  fruits  and  vegetables,  it  is  not  surprising  that  reship- 
ments  from  Pittsburgh  are  so  large. 

The  approximate  practical  limit  of  motor-truck  reshipments  from 
Pittsburgh  were  Altoona  and  Belief onte,  Pa.;  to  the  east,  Cumber- 
land, Md.,  and  Clarksburg,  W.  Va.,  to  the  south;  Cambridge  and 
Canton,  Ohio,  to  the  west;  and  Meadville  and  Warren,  Pa.,  to  the 
north. 

The  large  railroad  produce  terminal  was  opened  in  Pittsburgh 
in  1928.  This  lent  impetus  to  the  outbound  motor-truck  movement, 
which  about  doubled  in  the  two  years  after  the  terminal  was  opened. 
The  long-distance  outbound  motor-truck  movement  became  an  im- 
portant marketing  factor  during  1925  and  1926.  An  indication  of 
the  change  lies  in  a  railroad  report  that  10  years  ago  the  average 
weekly  shipments  of  mixed  cars  to  surrounding  towns  were  from 
150  to  200  cars  a  week,  and  in  the  spring  of  1930  were  only  from 
25  to  50  cars  a  week.     Thus  the  rail  redistribution  is  only  about 
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FIGURE    12.— REDISTRIBUTION    OF    FRUITS    AND    VEGETABLES  FROM   BALTI- 
MORE AND  PITTSBURGH   BY   MOTOR  TRUCK.    1930 

The  motor-truck  movements  out  of  Pittsburgh  and  Baltimore  largely  supply 
the  trade  territories  with  fruits  and  vegetables  up  to  60  miles  from  these  cities  and. 
extend  to  140  miles  and  sometimes  farther. 
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25  per  cent  of  its  former  volume,  whereas  the  total  redistribution 
from  Pittsburgh  has  increased. 

The  almost  unanimous  opinion  of  the  trade  at  Pittsburgh  \yas 
that  the  motor-truck  trade  has  been  increasing  rapidly,  but  appar- 
ently future  expansion  is  largely  dependent  on  increase  in 
population. 

The  area  within  60  miles  of  Pittsburgh  received  by  motor  truck 
about  all  the  fruit  and  vegetables  coming  from  Pittsburgh  except 
emergency  express  shipments.  Some  of  the  towns  within  this  area 
are :  Washington,  Monongahela,  Uniontown,  Greensburg,  Johnstown, 
Beaver  Falls,  Butler,  Newcastle,  Franklin,  Oil  City,  and  Sharon, 
Pa.;  Youngstown,  East  Liverpool,  Wellsville,  and  Steubenville, 
Ohio;  and  Wheeling,  W.  Ya.  The  practical  limit  of  motor-truck 
redistribution  from  Pittsburgh  is  100  to  125  miles.  In  the  outer  40 
to  65  mile  zone,  rail  shipments  from  Pittsburgh  compete  with  the 
motor-truck  movement,  and  more  cars  are  brought  direct  from  grow- 
ing areas. 

None  of  the  wholesale  dealers  or  jobbers  at  Pittsburgh  own  trucks 
for  delivery  to  surrounding  towns,  and  few  of  them  have  trucks  even 
for  city  delivery.  The  entire  outbound  motor-truck  movement  is 
conveyed  in  trucks  coming  in  from  these  outlying  towns.  Usually 
the  dealer  from  these  smaller  markets  drives  his  own  truck  to  market, 
and  buys  and  loads  his  supplies.  Most  of  them  are  jobbers  and 
wholesalers,  but  retailers  come  from  towns  for  some  distance  around 
and  make  their  purchases  directly  on  the  jobbing  market.  There 
are  as  yet  but  few  truckmen-merchants  operating  out  of  Pittsburgh. 
Coincident  with  the  coming  of  the  truck  method  of  redistribution  the 
number  of  small  dealers  in  outlying  towns  increased.  By  dividing 
the  purchasing  power  these  small  dealers  in  small  cities  are  unable 
to  buy  in  straight  car  lots,  even  those  items  which  the  town  can 
use  in  quantity. 

Several  dealers  at  Pittsburgh  supply  their  trade  at  Wheeling  by 
boat. 

Intercity  truck  shipments  occur  from  Pittsburgh  to  Erie  and 
Cleveland. 

OTHER   CITIES 

The  field  force  of  the  Federal  Market  News  Service  was  asked 
to  make  special  studies  of  redistribution  in  their  respective  markets. 
The  following  information  is  based  upon  their  reports. 

In  nine  cities  in  various  parts  of  the  country  it  was  estimated 
that  on  an  average  36  per  cent  of  the  motor-truck  shipments  out  of 
these  cities  were  in  trucks  owned  by  dealers  in  small  cities,  30  per 
cent  by  truckmen  carriers  hauling  as  common  carriers,  21  per  cent 
by  truckmen  merchants,  3  per  cent  by  farmers  returning  from  the 
city,  and  10  per  cent  by  city  dealers  delivering  in  their  own  trucks. 
(Table  30.)  Many  wholesale  dealers  in  the  smaller  of  the  primary 
city  markets  deliver  over  their  trade  territory  in  their  own  trucks,, 
but  such  is  not  the  case  in  the  larger  markets,  where  wholesalers 
often  do  not  even  own  trucks  for  city  delivery.  In  some  cities,  as 
St.  Louis  and  New  Orleans,  growers  who  bring  produce  into  the  city 
buy  loads  to  haul  back  to  their  communities. 
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Table  30. — Importance  of  various  types  of  truckmen  in  redistribution  of  fruits 
and  v€getaJ)les  from  certain  city  markets,  1929  ^ 


City 


Atlanta 

Boston — 

Chicago 

Indianapolis 

Kansas  City 

Los  Angeles 

Minneapolis 

New  Orleans. -. 
Salt  Lake  City. 


Average. 


Hauled  in 

trucks 
owned  by 
dealers  in 
small  cities 


Per  cent 
0 
50 
20 
40 
27 
60 
50 


Hauled  by 
truckmen 

carriers 
acting  as 
common 

carriers 


Per  cent 
50 
40 
70 
20 
57 
30 
0 
0 


30 


Hauled  by 
truckmen 
merchants 

and 
peddlers 


Per  cent 
25 
10 
10 
20 
16 
10 
50 
0 
45 


21 


Hauled  by 
farmers 


Per  cent 
0 
0 
0 
0 
0 
0 
0 
25 
0 


Hauled  by 

city 
wholesale 
dealers  in 
own  trucks 


Per  cent 


25 
0 
0 

20 
0 
0 
0 

a 

45i 


10> 


1  Estimates  were  made  by  Federal  Market  News  Service  reporters  from  interviews  and  daily  contact  m. 
the  respective  markets. 

Whereas  some  members  of  the  wholesale  trade  have  been  somewhat 
antagonistic  because  of  some  conditions  they  have  had  to  face  owing 
to  the  expansion  of  motor-truck  receipts,  their  attitude  is  changing 
toward  this  type  of  business,  as  they  feel  they  must  adjust  themselves 
to  the  inevitable.  Most  of  the  dealers  did  not  oppose  outbound 
motor-truck  movements. 

Boston's  trade  area  for  fruits  and  vegetables  has  increased  since 
the  opening  of  the  Boston  Market  Terminal  in  1927.  This  has  re- 
sulted in  lessening  the  number  of  cars  received  by  smaller  cities  in 
New  England,  although  such  cities  still  receive  commodities  used  in 
large  quantities  in  straight  car  lots.  Cities  within  a  radius  of  60 
miles  irom  Boston  receive  much  of  their  supply  by  truck  from  Bos- 
ton. Such  cities  as  Providence,  Worcester,  Lowell,  Lawrence,  Haver- 
hill, Nashua,  Manchester,  and  Portland  receive  a  large  quantity  of 
produce  by  truck  from  Boston,  depending  upon  price,  supplies,  and 
perishability.  Some  trucking  is  done  to  such  points  as  Lewiston  and 
Bangor,  Me.,  and  Laconia,  N.  H.,  and  even  Springfield,  Mass.,  but 
these  cities  are  largely  supplied  by  car-lot  or  1.  c.  1.  shipments. 

Before  the  advent  of  the  motor  truck  it  was  customary  for  two  or 
three  cars  to  be  shipped  daily  from  Cincinnati  by  rail  up  the  Miami 
Valley  to  Dayton  and  waypoints.  Now  all  this  traffic  is  carried  by 
motor  trucks.  Cities  receiving  motor-truck  shipments  in  volume 
from  Cincinnati  are  Dayton,  Lima,  Hamilton,  Middletown,  Wash- 
ington Court  House,  Wilmington,  Columbus,  Portsmouth,  Parkers- 
burg,  and  Huntington. 

Atlanta  motor-truck  reshipments  have  probably  increased  as  much 
during  the  last  three  years  as  motor-truck  receipts  have  increased. 
In  1930  trucks  were  operating  out  of  Atlanta  in  all  directions  up  to 
75  or  100  miles. 

Chicago  supplies  the  area  within  a  radius  of  about  40  miles  from 
the  city  almost  entirely  by  truck.  From  that  circle  to  75  miles,  prob- 
ably 65  per  cent  of  the  fruits  and  vegetables  obtained  from  Chicago 
are  by  truck,  and  from  a  distance  of  75  to  100  miles  about  15  to  35 
per  cent  are  sent  by  truck. 
68925' 
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From  Kansas  City  redistribution  by  truck  to  surrounding  towns 
and  small  cities  has  been  increasing.  Shipments  to  points  within  100 
to  125  miles  of  the  city  are  practically  all  by  truck.  Within  this 
radius  there  are  several  cities  that  are  less  important  distributing 
centers.  Towns  as  far  away  as  200  miles  into  Kansas,  100  miles  east 
in  Missouri,  200  miles  north  into  Iowa  and  Nebraska,  and  300  miles 
south  into  Arkansas  and  Oklahoma  are  partially  supplied  from  Kan- 
sas City  by  truck. 

Denver  supplies  by  truck  a  large  quantity  of  the  stock  used  in  the 
eastern  half  of  Colorado,  southern  Wyoming,  and  western  Nebraska. 
Some  trucks  make  regular  trips  from  Denver  to  Nebraska  points 
with  fruits  and  vegetables  on  the  outhaul  and  eggs  and  poultry  on  the 
return  trip.  Several  of  the  wholesale  firms  maintain  regular  truck 
service  to  northern  Colorado  points,  reaching  out  as  far  as  100  miles. 
Such  movements  include  both  local  products  and  reshipments  of  rail 
receipts,  mostly  of  the  latter. 

At  Los  Angeles  some  of  the  business  within  the  trucking  area  has 
been  taken  by  truckmen  merchants  who  operate  direct  from  growing 
areas.  Most  of  the  outgoing  business  is  handled  by  out-of-town  deal- 
ers, who  send  their  own  trucks  and  buyers  into  Los  Angeles.  This 
has  displaced  much  of  the  express  and  mixed-car  shipments  to  points 
within  trucking  distance.  About  all  shipments  of  fruits  and  vege- 
tables to  points  within  a  radius  of  175  miles  go  out  by  truck.  The 
area  from  this  distance  to  300  miles  is  partially  supplied  by  truck. 
Motor-truck  reshipments  probably  constitute  less  than  10  per  cent 
of  the  business  at  Los  Angeles. 

Within  a  radius  of  75  miles  of  Minneapolis  practically  all  of  the 
trade  in  fruits  and  vegetables  is  supplied  by  truck,  and  shipments 
are  made  by  truck  to  points  as  much*  as  250  to  300  miles  away.  It 
has  always  been  a  problem  at  Minneapolis  in  the  winter  months  to 
move  perishable  commodities  without  loss  through  freezing.  Rail- 
roads have  been  reluctant  to  accept  shipments  when  temperatures 
are  much  below  zero.  The  result  has  been  that  many  of  the  com- 
munities which  depended  upon  the  Twin  Cities  for  their  fresh  fruits 
and  vegetables  during  the  winter  have  at  times  been  forced  to  go 
without  them.  During  the  last  few  years  a  few  dealers  and  truck- 
men carriers  have  made  provisions  for  heating  their  trucks  during 
the  extremely  cold  weather.  Fruits  and  vegetables  are  now  shipped 
a  distance  of  125  miles  during  the  most  severe  weather,  and  stock  is 
arriving  in  good  shape. 

Redistribution  from  New  Orleans  by  truck  is  very  light.  A  few 
wholesale  grocers  in  near-by  towns  use  their  own  trucks  in  obtaining 
fruits  and  vegetables  at  New  Orleans,  and  some  of  the  farmers  who 
bring  in  produce  haul  back  a  load  of  shipped-in  stock  for  some  small 
distributor. 

The  Seattle  wholesale  market  has  a  heavy  motor-truck  movenient 
as  far  north  as  Everett  and  as  far  south  as  Tacoma.  On  minor 
items  the  motor-truck  movement  is  important,  but  on  such  items  as 
potatoes  and  apples,  which  can  be  used  in  car  lots,  the  motor-truck 
shipments  to  points  over  40  miles  distant  are  negligible.  Trucks 
completely  serve  the  territory  within  a  radius  of  30  to  40  miles  of 
Seattle.  Yakima,  160  miles  away,  is  the  farthest  point  to  which  truck 
shipments  are  sent. 
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The  area  contiguous  to  Portland,  Oreg.,  which  is  partially  sup- 
plied by  truck  from  Portland,  approximates  that  from  which  truck- 
ing to  Portland  is  practicable.  Most  trucks  try  to  obtain  back  hauls 
from  Portland  consisting  of  commodities  not  produced  locally.  Most 
of  this  2-way  trucking  is  done  by  regular  bonded  trucking  com- 
panies, operating  on  schedules,  with  standardized  tariffs.  Several 
fleets  of  large  trucks  and  trailers  leave  Portland  each  evening.  Part 
of  their  mixed  loads  consists  of  fruit  and  vegetables.  They  travel 
during  the  night,  stopping  for  partial  unloading  until  the  ends 
of  their  runs  are  reached  in  the  early  morning  or  forenoon.  Simi- 
larly, the  other  halves  of  the  fleets  arrive  in  Portland  in  time  to 
unload  their  straight  loads  of  fruits  and  vegetables  at  the  morning 
market.  One  large  distributor  with  about  100  branches  in  cities 
and  smaller  towns  of  the  Northwest,  also  sends  his  own  fleet  out 
from  Portland  with  branch  house  supplies  daily.  Other  types  of 
truckmen  are  present  but  of  minor  importance. 

EFFECT  OF  REDISTRIBUTION  ON  THE  TRADE 

It  is  doubtful  if  the  use  of  the  motor  truck  has  resulted  in  greater 
redistribution  from  Baltimore  and  Pittsburgh,  although  consump- 
tion of  fresh  fruits  and  vegetables  has  greatly  increased  during 
recent  years  in  their  trade  territory  partly  as  a  result  of  better  dis- 
tribution and  partly  because  of  changing  food  habits.  However, 
there  has  been  a  corresponding  increase  in  car-lot  unloads  direct 
from  producing  areas  at  such  cities  as  Altoona,  Pa.,  and  Cumberland, 
Md.,  and  other  cities  more  than  60  miles  from  a  primary  market. 
Sunbury,  Pa.,  for  instance,  received  60  per  cent  of  its  supplies  in 
car  lots  direct  from  growing  areas  in  1928,  whereas  it  was  formerly 
supplied  entirely  from  larger  markets.  Increased  consumption  in 
Sunbury,  coupled  with  a  trade  territory  with  a  40-mile  radius, 
made  possible  by  motor-truck  deliveries,  has  created  a  volume  of 
business  of  sufficient  size  to  make  car-lot  receipts  of  most  items 
practicable. 

Dealers  in  towns  within  60  miles  of  primary  city  markets  have 
increased  their  purchases  from  these  city  markets  because  of  regular 
daily  supply.  Where  formerly  they  bought  one  or  two  cars  of 
fruits  and  vegetables  a  week,  now  they  take  a  truck  load  or  more 
daily,  and  sometimes  the  trucks  are  loaded  both  ways. 

With  the  spread  of  chain  stores  in  small  cities  and  villages,  truck- 
ing concerns  have  entered  into  contracts  to  give  these  stores  regular 
daily-delivery  service  from  the  central  market,  or  the  chain  system 
may  operate  its  own  trucks  for  this  service. 

Large  markets  are  so  situated  in  the  northeastern  industrial  area 
of  the  United  States  that  with  the  exception  of  a  few  remote  moun- 
tainous sections  and  the  northern  parts  of  New  York  and  the  New 
England  States,  practically  the  whole  territory  is  within  trucking 
range  of  large  terminal  markets,  as  trucking  is  now  conducted. 

The  cost  of  trucking  is  greater  than  rail  transportation  for  low- 
freight-rate  items  on  hauls  of  50  to  60  miles,  more  or  less.  But  when 
shipping  the  highly  perishable,  light,  and  expensive  items  many 
dealers  asserted  that  reshipments  by  truck  from  city  markets  were 
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more  satisfactory  for  hauls  up  to  125  miles  and,  in  exceptional  cases, 
farther. 

From  the  viewpoint  of  the  consumer,  especially  in  rural  and 
miners'  villages,  the  motor-truck  redistribution  from  city  markets 
has  resulted  in  a  fresher  supply  of  fruits  and  vegetables  often  at 
less  cost  than  under  the  old  method. 

No  objections  to  the  motor  truck  as  a  means  of  redistribution  to 
near-by  towns  was  voiced  at  Baltimore  save  as  it  shifted  business 
from  one  dealer  to  another.  At  Pittsburgh  dealers  were  generally 
sympathetic  with  the  motor-truck  traffic,  except  for  the  complaint 
that  it  had  been  accompanied  by  the  advent  of  a  great  many  small 
dealers  and  peddlers  who  were  without  credit  and  some  of  whom 
employed  unethical  methods.  Small  jobbers  generally  complain 
that  buyers  of  truck  loads  of  produce  go  around  them  to  the  car-lot 
receivers,  and  the  large  car-lot  receivers  complain  that  incoming 
produce  goes  around  them  to  small  jobbers.  Thus  the  use  of  the 
truck  has  tended  to  dispense  with  the  jobber  and  broker  services  for 
outgoing  niovements  and  to  go  around  the  broker  and  wholesaler  on 
the  incoming  movement. 

RELATION   OF  MOTOR-TRUCK   TRANSPORTATION   TO   COLD-STOR- 
AGE AND  PROCESSING  PLANTS 

Cold  storage  aids  motor-truck  shipping  by  prolonging  the  season, 
which  is  highly  important  in  securing  cheap  truck  transportation. 
Some  areas  that  have  many  cold-storage  plants  and  a  varied  pro- 
duction, such  as  Wayne  and  Monroe  Counties,  N.  Y.,  furnish  a  year- 
around  supply  of  fruits  and  vegetables  for  truckmen-merchants.  In 
the  summer  a  supply  of  peaches,  pears,  and  apples  is  kept  in  storage. 
In  the  fall,  apples,  pears,  celery,  and  many  other  items  are  available 
in  storage.  During  the  winter  and  spring,  onions,  cabbage,  potatoes, 
apples,  celery,  and  other  items  are  available. 

The  leading  benefits  of  motor-truck  transportation  to  storage  and 
processing  plants,  according  to  managers,  is  direct  hauling  from 
points  having  no  direct  rail  connections,  less  loss  in  handling,  and 
the  occasional  savings  of  cartage.     (Fig.  13.) 

Storage  operators  stated  that  apples  hauled  into  storage  from  the 
near-by  districts  arrived  in  a  few  hours,  whereas  rail  or  boat  delivery 
took  24  to  48  hours  and  sometimes  longer.  Apples  that  are  rushed 
into  storage  after  harvesting  keep  measurabl;)^  longer  than  those 
delayed  in  warm  temperature.  Speed  in  delivering  to  the  cold 
storage  after  picking  is  therefore  important.  If  the  apples  lie  at 
the  orchard  or  in  the  packing  house  during  several  warm  days  before 
being  hauled,  little  or  nothing  is  gained  by  use  of  the  truck.  Some 
of  the  larger  growers  have  waiting  trucks  backed  up  to  the  packing 
shed  to  insure  quick  movement  into  storage. 

Of  about  65,000  barrels  of  apples  stored  at  Hannibal,  Mo.,  in 
1928,  13,750  barrels  were  received  by  motor  truck.  Of  18,699  barrels 
stored  at  Quincy,  111.,  all  but  1,650  barrels  arrived  by  truck.  .Only 
about  5  per  cent  of  the  truck  movement  of  apples  from  Calhoun 
County  to  St.  Louis  in  1928  went  into  storage.  The  bulk  of  the 
20,000  bushels  stored  at  Salem,  111.,  and  15,000  stored  at  Newton,  III, 
were  hauled  into  storage  by  motor  truck. 
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At  Quincy,  redistribution  of  the  apples  from  storage  was  made  as 
follows :  45  cars  by  rail  and  61  cars  by  motor  truck.  Most  of  these 
apples  were  stored  by  wholesale  produce  dealers  of  Quincy  who  dis- 
tributed them  by  truck  locally  and  to  towns  as  far  as  100  miles  away. 
At  Salem,  20  per  cent  of  the  apples  stored  were  distributed  by  truck 
throughout  the  winter.  About  50  per  cent  of  the  apples  stored  at 
Newton  were  distributed  by  motor  truck. 

Both  storage  plants  and  canning  factories  are  numerous  in  the 
ivestern  New  York  fruit  and  vegetable  belt.  There  may  be  several 
at  a  shipping  point,  and  the  shipping  points  may  be  only  5  to  10 
miles  apart.  Kraut  is  made  on  a  large  scale  in  Ontario  County, 
and  throughout  the  belt  the  canning  of  apples,  peas,  pears,  tomatoes, 
carrots,  beets,  raspberries,  cherries,  plums,  and  many  other  products, 


FiGUUE  13. — Delivering  vegetables  to  a  Virginia  cannery  by  truck 

is  done  on  an  extensive  scale.  Juice  plants  and  bonded  wineries  take 
a  large  quantity  of  grapes.  Rough  celery  is  moved  to  washing 
plants. 

The  more  important  interdistrict  movements  of  these  products 
amounted  to  1,397  carload  equivalents  in  1928.  Grapes,  pears, 
apples,  and  celery  were  the  most  important  products  transported. 
The  distance  covered  in  this  movement  ranges  from  7  to  50  miles. 
Since  factories  normally  draw  from  a  radius  of  15  miles  for  their 
home-station  supply,  probably  less  than  one-half  of  this  volume 
would  be  subject  to  shipment  by  railroad  in  the  absence  of  motor 
trucks. 

Nominally  everjrthing  within  about  15  miles  comes  to  storage  plants 
and  canneries  by  truck,  and  beyond  that  by  railroad,  except  for  such 
movements  as  noted.  Kesales  of  fresh  fruit  by  canneries  to  truckers 
amount  to  10  per  cent  of  the  volume  of  some  representative  canners 
in  western  New  York,  and  nothing  in  West  Virginia.  Frequently 
factories  canning  small  fruits  and  vegetables  ship  the  first  receipts 
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of  the  season  to  market  by  truck  when  prices  for  the  fresh  article 
are  high.  The  ability  to  move  canning  and  storage  products  from 
one  district  to  another  by  truck  has  tended  in^  western  New  York 
toward  the  centralization  of  such  plants  in  larger  units  and  the  re- 
allocation of  production  to  some  extent. 

At  various  points  in  western  New  York  cold-storage  operators 
supply  truckmen  merchants  throughout  the  storage  season.  In  some 
cases  the  storage  operator  owns  products  which  he  sells  on  his  own 
account,  but  more  frequently  farmers  set  a  price  on  their  products, 
and  give  the  storage  operator  the  right  to  sell,  or  the  farmer  may 
be  called  by  telephone  and  make  sales  over  the  wire.  In  a  few  cases 
truckmen  merchants  store  large  quantities  of  fruit  on  their  own 
account. 

In  the  Hudson  Valley  many  cold-storage  plants  have  been  built 
during  recent  years,  and  the  vogue  has  changed  from  storage  in  the 
New  York  City  metropolitan  area  to  storage  in  producing  areas, 
whence  supplies  are  trucked  to  the  city  as  needed. 

Railroad  shipments  of  tomatoes  for  canning  in  the  southern  part 
of  Indiana  in  1928  totaled  617  cars,  and  those  by  motor  truck  were 
estimated  at  3,039  cars.  The  large  production  of  canning  peas  moved 
entirely  by  road  vehicles.  Beans  and  peas  for  canning  have  always 
been  hauled  to  the  factories  by  highway  vehicles. 

In  recent  years  a  larger  part  of  the  canning  tomato  crop  than 
formerly  has  been  moved  by  truck.  This  has  resulted  in  shifts  in 
production  from  districts  as  distant  as  50  miles  from  the  canning 
factories  to  districts  within  20  miles  of  the  factories. 

In  most  instances  the  canning  companies  have  found  it  ad- 
vantageous to  haul  the  early  and  late  tomatoes  by  truck  from  "  rail 
stations  "  when  full  cars  were  not  available.  Several  large  com- 
panies assert  that  tomatoes  are  transported  more  quickly  by  motor 
truck  and  are  in  better  condition  on  arrival.  Trucking  rates  for 
15  to  25  miles  were  usually  $2  to  $2.50  per  ton,  whereas  rail  rates 
were  about  $1.80  per  ton  for  the  same  distance.  Twenty-five  miles 
seems  to  have  been  the  practical  trucking  limit  for  canning  tomatoes 
in  1928.  Some  plants  still  received  all  of  their  tomatoes  by  railroads 
or  electric  lines  except  such  as  are  hauled  to  the  cannery  by  growers. 

Several  large  factories  are  so  located  that  all  the  tomatoes  can  be 
grown  within  20  miles  of  the  factory  and  trucked  in. 

Reasons  given  for  preference  of  the  motor  truck  are  as  follows: 
On  occasions  a  car  is  not  filled  in  time  for  the  daily  train  and  re- 
mains over  at  the  country  station  for  24  hours.  In  switching,  the 
crates  are  sometimes  shifted  and  fall  down  or  are  crushed,  with 
serious  loss.  Tomatoes  arriving  by  truck  maybe  graded  as  received 
and  payment  made  according  to  quality.  By  bringing  tomatoes 
quickly  to  the  factory  in  trucks  without  much  bruising,  it  is  possible 
to  pick  them  riper,  when  they  are  in  a  more  desirable  stage  of 
maturity  for  canning  purposes. 

Reasons  given  against  the  use  of  the  truck  by  some  managers  of 
canneries  are  that  from  some  producing  points  there  are  no  improved 
roads  and  the  cost  by  truck  is  greater  for  distances  greater  than  20 
to  25  miles. 
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This  survey  covered  motor-truck  shipments  to  market  from  Con- 
necticut and  Delaware  and  parts  of  Illinois,  Indiana,  Maryland, 
Massachusetts,  Michigan,  New  Jersey,  New  York,  Pennsylvania, 
Virginia,  and  West  Virginia.  Motor-truck  receipts  at  a  number  of 
cities  are  considered,  and  redistribution  from  city  markets  by  motor 
truck. 

In  the  areas  named,  136,509  cars  of  fruits  and  vegetables  were 
shipped  by  rail  and  boat,  as  compared  with  estimated  motor-truck 
shipments  equivalent  to  77,102  cars  which  moved  over  20  miles  to 
market  during  the  one  composite  crop  year,  1928  and  1929. 

It  is  believed,  judging  from  these  sample  studies,  that  between 
150,000  and  200,000  cars  were  trucked  to  market  20  miles  or  more  in 
the  United  States  during  1929,  as  compared  with  1,068,745  cars  re- 
ported shipped  by  rail  and  boat. 

Receipts  at  11  cities  for  which  comparable  records  are  available 
were  306,315  cars  of  fruits  and  vegetables  by  rail  and  boat,  as  com- 
pared with  56,414  cars  by  motor  truck  from  beyond  the  market- 
garden  area  in  the  composite  year  1928  and  1929. 

Truckmen  merchants  (those  who  buy  and  sell  the  products  they 
haul)  predominate  in  the  middle- western  areas  studied.  Truckmen 
carriers  (those  who  haul  for  hire)  predominate  on  the  Atlantic  sea- 
board. Most  of  the  trucking  to  market  done  by  farmers  covered 
distances  of  less  than  40  miles. 

Trucks  have  expedited  transportation  on  short  hauls,  causing  in- 
creased production  of  highly  perishable  products  at  points  ad- 
vantageous to  desirable  markets,  and  have  made  the  distribution  of 
highly  perishable  products  more  direct  and  less  wasteful  under 
certain  conditions. 

Regional  motor-truck  jobbing  markets,  where  products  from  a 
considerable  area  are  concentrated  and  redistributed,  and  wholesale 
roadside  stands,  are  increasing  in  number  to  serve  the  motor-truck 
trade. 

Products  most  suited  to  long-distance  transportation  by  motor 
truck  are  the  light,  quickly  perishable  fruits  and  vegetables,  or  those 
that  yield  a  high  freight  revenue  and  require  expeditious  movement 
to  market. 

Distances  covered  by  truck  have  increased;  highly  perishable 
products  are  now  being  hauled  regularly  as  much  as  400  miles,  and 
even  greater  distances  in  some  areas. 

Of  the  areas  surveyed,  the  following  had  the  highest  percentages 
of  motor-truck  shipments:  Connecticut,  92;  southeastern  Pennsyl- 
vania, 85 ;  southwestern  Michigan,  73 ;  Long  Island,  68 ;  the  Hudson 
Valley  and  parts  of  New  Jersey,  67.  Areas  that  had  the  lowest  per- 
centage of  shipments  by  motor  truck  were :  Western  New  York,  19 ; 
south-central  Pennsylvania,  18;  western  Massachusetts,  7;  Eastern 
Shore  of  Virginia,  3;  and  the  Cumberland-Shenandoah  Valley  of 
West  Virginia,  2. 

The  relation  that  motor-truck  shipments  of  important  commodities 
from  all  areas  included  in  the  study  bore  to  the  total  shipments  was, 
in  terms  of  percentage,  as  follows:  Spinach,  96;  snap  beans,  89; 
mushrooms,  85 ;  asparagus,  76 ;  tomatoes,  64 ;  strawberries,  58 ;  canta- 
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loupes,  49;  grapes,  48;  peaches,  43.  Commodities,  a  smaller  volume 
of  which  moved  by  truck  showed  the  following  percentages:  Pota- 
toes, 25;  apples,  24;  lettuce,  21,  sweetpotatoes,  19;  onions,  18;  and 
cabbage,  12. 

The  truck  unloads  of  fruits  and  vegetables  at  the  11  cities  studied 
(excluding  market  garden  receipts)  were  of  greatest  relative  im- 
portance at  Los  Angeles,  where  they  constituted  57  per  cent  of  total 
unloads  for  the  city,  and  of  least  relative  importance  at  Boston,  where 
they  constituted  only  2  per  cent  of  the  total  unloads. 

Redistribution  from  city  markets  to  surrounding  trade  territories 
has  grown  in  volume  and  in  distance.  Except  for  local  supplies,  the 
area  within  50  miles  is  now  usually  supplied  with  fruits  and  vege- 
tables by  truck  from  the  large  city  market.  In  the  outer  rim  of  the 
trade  territory,  up  to  150  miles  and  sometimes  farther,  trucks  com- 
pete with  mixed  cars  and  express  shipments  from  the  large  city  and 
with  straight  cars  shipped  direct  from  producing  areas. 

It  was  estimated  that  50  per  cent  of  the  total  receipts  on  the  whole- 
sale markets  at  Pittsburgh  was  trucked  out  of  the  metropolitan  area 
in  the  spring  of  1930,  and  at  Baltimore  24  per  cent  was  so  trucked. 

Country  cold-storage  plants  aid  motor-truck  transportation  by  pro- 
longing the  trucking  season.  The  use  of  the  truck  facilitates  quick 
movement  of  apples  into  storage  after  packing,  which  is  a  decided  ad- 
vantage. Canning-plant  managers  are  using  trucks  to  obtain  more 
soft  fruits  and  tomatoes  of  desirable  maturity  and  to  extend  the  area 
from  which  supplies  are  received. 
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INTRODUCTION^ 

The  bacterial  spot  disease  caused  by  Bactermnh  pnmi  E.  F.  Smith 
was  originally  described  in  1902  by  Erwin  F.  Smith  (40)^  as  a  serious 
disease  of  the  Japanese  plum  {Prunus  salicinaY  in  Michigan.  Sub- 
sequent investigations  revealed  that  the  pathogene  was  not  confined 
solely  to  the  plum,  but  that  it  was  capable  of  producing  a  serious  dis- 
ease of  the  peach  (P7imus  persica) ,  apricot  (Prurncs  anneniaca) ,  and 
nectarine  {Prunus  persica  var.  nudpersica) . 

Although  the  effect  of  the  di;sease  on  the  susceptible  varieties  of 
the  plum  has  curtailed  the  production  of  this  fruit  in  many  pai-ts  of 

^  The  writer  wishes  to  acknowledge  the  invaluable  aid  rendered  by  John  W.  Roberta 
through  his  continued  interest  and  advice  during  the  course  of  the  investigations  and  his 
assistance  in  the  preparation  of  the  manuscript.  He  also  wishes  to  express  his  thanks 
to  W.  F.  Turner,  formerly  horticulturist  of  the  Central  of  Georgia  Railway  Co.,  for 
assistance  in  conducting  the  orchard  surveys  and  harvesting  the  fruit  on  the  experi- 
mental plots ;  to  his  former  colleague  Lee  M,  Hutchins,  of  the  U.  S.  Peach  Disease  Field 
Laboratory,  for  the  permission  to  use  his  experimental  nursery  plantings ;  and  to  the 
authorities  of  the  College  of  Agriculture,  University  of  Arkansas,  for  the  use  of  the 
laboratories  of  the  department  of  plant  pathology,  where  certain  phases  of  the  investiga- 
tions were  completed  during  the  period  1928  to  1930.  In  addition  he  wishes  to  express 
his  appreciation  for  permission  freely  granted  by  Lynn  McKenzie,  of  Montezuma,  and 
John  W.  Woolfolk,  of  Fort  Valley,  Ga.,  to  make  observations  and  to  conduct  experiments 
in  their  peach  orchards. 

2  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  51. 

3  In  this  bulletin  Bailey's   (7)  botanical  nomenclature  has  been  used. 
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the  country,  it  is  mainly  as  a  malady  of  the  peach  that  the  bacterial 
spot  disease  has  attracted  attention  within  the  last  decade. 

The  rapid  expansion  of  the  fruit  industry  has  resulted  in  the  plant- 
ing of  peach  trees  in  many  sections  of  the  country  in  which  conditions 
are  particularly  favorable  to  the  bacterial  spot  disea^.  The  ex- 
pansion of  the  fruit  industry  also  has  increased  competition  between 
various  production  centers,  and  indirectly  it  has  focused  the  atten- 
tion of  the  fruit  growers  on  any  agency,  such  as  this  disease,  that 
reduces  the  quality  and  marketability  of  the  fruit. 

The  investigations  of  the  disease  from  the  time  of  its  discovery 
until  1920  dealt  mainly  with  the  study  of  the  pathogene.  With  the 
exception  of  the  work  of  Roberts  {SI)  in  Arkansas  during  the  years 
1913  to  1915,  inclusive,  little  attention  was  devoted  to  devising  meth- 
ods of  controlling  the  disease  in  the  orchard.  In  recent  years  the 
investigational  work  has  changed  somewhat  in  its  manner  of  ap- 
proach, and  control  experiments  have  been  initiated  by  a  number  of 
investigatory  in  different  portions  of  the  country. 

Notwithstanding  the  excellent  work  that  has  been  done,  many 
questions  of  importance  concerning  the  behavior  of  the  causal  organ- 
ism have  remained  unsolved.  Possibly  the  most  important  of  these 
is  the  manner  in  which  the  causal  organism  survives  the  winter 
season.  Mention  also  may  be  made  of  other  point,s,  such  as  the  man- 
ner in  which  the  pathogene  spreads  from  tree  to  tree,  the  accurate 
identification  of  the  various  symptoms,  the  evaluation  of  the  com- 
mercial injury,  and  even  certain  of  the  characters  of  the  pathogene 
when  isolated  and  grown  in  pure  culture. 

The  investigations  described  in  the  following  pages  discuss  the 
disease  on  the  peach  with  but  incidental  references  to  the  activities 
of  the  pathogene  on  other  hosts.  Emphasis  has  been  placed  particu- 
larly on  the  investigation  of  those  points,  enumerated  above,  upon 
which  detailed  information  was  either  lacking  or  incomplete. 

NAMES  APPLIED  TO  THE  DISEASE  AND  TO  THE  PATHOGENE 

The  name  "  black  spot "  was  used  by  Smith  (^^,  ^,  ^)  in  his  early 
papers  to  designate  the  disease  on  the  plum.  This  name,  while  it  is 
particularly  descriptive  of  the  symptoms  on  plum  fruit,  can  not 
properly  be  applied  to  the  disease  on  the  peach  both  because  the 
symptoms  produced  on  the  peach  are  not  "black  spots,"  at  least  in 
the  sense  of  this  term  when  applied  to  the  plum,  and  also  because 
the  name  "black  spot"  has  been  used  for  many  years  as  a  synonym 
of  peach  scab.* 

Other  names  that  have  been  applied  to  the  disease  on  the  peach  are 
bacterial  spot,  bacteriosis,  shot  hole,  bacterial  shot  hole,  and  bacterial 
crack.  With  the  exception  of  bacterial  spot  and  bacteriosis,  these 
names  are  open  to  the  objection  that  they  characterize  only  certain 
phases  of  the  disease. 

The  name  bacteriosis  has  been  widely  used,  but  the  writer  feels 
that  it  is  an  unfortunate  term,  indicating  merely  a  bacterial  attack, 
and,  as  such,  is  too  inclusive.  Crown  galP  on  peach,  for  example, 
could  just  as  properly  be  called  bacteriosis. 

^  Caused  by  Cladosporium  carpophilum  Thum. 

^  Caused  by  Baoterium  tiMnefa&iena  Sm.  and  Town. 
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Since  the  disease  on  the  various  hosts  is  caused  by  the  same  organ- 
ism, although  the  symptoms  vary,  a  name  is  desired  that  will  be 
descriptive  of  the  disease  in  all  its  manifestations.  The  writer  con- 
siders that  the  name  "  bacterial  spot,"  apparently  first  mentioned  in 
the  literature  by  Roberts  (SI),  is  particularly  fitting,  and  it  will  be 
used  as  the  name  of  the  disease  throughout  this  bulletin. 

The  pathogene  causing  the  bacterial  spot  disease  was  originally 
named  PsevdoTnonas  pruni  by  Smith  (^0).  In  1905  he  substituted 
the  generic  name  Bacterium  Cohn  emend,  for  the  generic  name 
Pseudomonas  Migula  as  the  result  of  his  studies  on  the  classification 
of  the  bacteria,  and  the  organism  was  renamed  BacteriuTHi  pruni. 

No  further  changes  were  made  in  the  nomenclature  of  the  organism 
until  1923,  when  Bergey's  Manual  of  Determinative  Bacteriology  {8) 
appeared.  In  this  classification  all  the  plant  pathogenes  were  grouped 
together  in  the  genera  Erwinia  and  Phytomonas  of  the  tribe  Erwin- 
iae,  family  Bacteriaceae.  The  bacterial  spot  organism  was  placed 
in  the  genus  Phytomonas. 

At  the  present  time  the  organism  may  be  called  either  Pseudomonas 
prvmi  E.  F.  Smith,  Bacterium  pt'uni  E.  F.  Smith,  or  Phytoiiiorms 
pi'uni  (E.  F.  Smith)  Bergey  et  al.,  depending  upon  the  classification 
followed.  The  writer  is  using  the  name  Bacteriu/m  prvrnji  as  the  name 
of  the  organism. 

HISTORICAL  REVIEW 

The  published  studies  on  the  bacterial  spot  disease  represent  the 
work  of  a  number  of  investigators  both  in  this  country  and  abroad. 
Only  those  papers  describing  the  discovery  of  the  organism  and  the 
demonstration  of  its  pathogenicity  will  be  discussed  here,  while  those 
dealing  with  special  phases  of  the  disease  will  be  reviewed  in  their 
appropriate  places. 

The  bacterial  spot  disease  was  first  described  by  E.  F.  Smith  in 
a  paper  delivered  at  the  Washington  meetings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  in  1902.  A  brief  resume  of 
the  paper  appeared  in  Science  in  1903.  In  this  paper  Smith  {IfD) 
discussed  a  disease  of  Japanese  plum  leaves  and  fruit  that  had  made 
its  appearance  in  central  Michigan.  The  cause  of  this  disease  was 
a  yellow  bacterium  which  he  named  Psevdorrwnas  pruni.  This  or- 
ganism, he  found,  entered  the  uninjured  plant  through  the  stomata. 
The  symptoms  of  the  disease  on  the  foliage  and  green  fruits  were 
described,  together  with  some  notes  on  the  growth  of  the  organism 
on  culture  media.  This  discussion  apparently  constituted  the  tech- 
nical description  of  the  newly  found  organism. 

Later,  in  1903,  Smith  (4-?)  called  attention  to  the  fact  that  bac- 
terial infection  of  plants  by  way  of  the  stomata  was  not  at  all 
infrequent.  He  cited,  among  other  diseases,  the  leaf  spot  of  plum 
and  stressed  the  fact  that  "sections  through  very  young  stages  of 
spots  *  *  *  si^Q^  i\^Q  epidermis  unbroken  and  the  enclosed  bac- 
terial masses  lying  in  such  relation  to  the  stomata  as  at  once  to 
suggest  such  infection." 

In  1903  Clinton  {10)  noted  an  unnamed  bacterial  disease  of  peach 
leaves  from  Pomfret,  Conn. 

In  1904,  at  the  Philadelphia  meetings  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  Smith   (^)   described  addi- 
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tional  experiments  which  substantiated  his  earlier  statements  that 
the  bacterium  entered  the  uninjured  tissues  of  the  plum  through 
stomata.  Numerous  infections  were  secured  by  spraying  suspensions 
of  the  organism  on  leaves  and  young  fruit.  Inoculations  made  two 
or  three  weeks  prior  to  the  ripening  of  the  plums  were  not  success- 
ful, and  Smith  concluded,  for  this  and  other  reasons,  that  the  disease 
was  principally  one  of  meristematic  tissues. 

The  bacterial  spot  organism  is  mentioned  in  several  places  in  the 
first  volume  of  Smith's  classic  work  (^),  which  appeared  in  1905. 
Drawings  showing  its  effects  on  plum  fruit  and  leaf  tissue  and  one 
photograph  (pi.  iS,  p.  148)  of  typical  spots  j)roduced  on  the  Hale 
plum  in  Michigan  are  included  with  the  discussion.  Outside  of  these 
rather  incidental  references  the  disease  is  not  discussed  in  the  book. 

In  the  1904r-1906  report  of  the  Delaware  Agricultural  Experiment 
Station,  Jackson  (20)  discussed  briefly  a  plum  disease  in  that  State 
called  by  the  growers  "  bacteriosis."  The  disease  was  described  as 
forming  cankers  in  the  young  branches.  Bacterial  cultures  were 
secured  from  the  diseased  areas  and  were  used  in  inoculation  experi- 
ments. Success  was  obtained  with  4  out  of  14  inoculations,  and  the 
original  organism  was  reisolated.  The  disease  was  not  definitely 
decided  to  be  of  bacterial  origin,  although  the  preliminary  evidence 
indicated  that  it  was.  No  description  of  the  organism  was  appended 
to  the  report,  but  it  is  quite  possible  that  the  disease  in  question  was 
the  one  Smith  had  previously  described. 

Clinton  (11)  in  1905  identified  the  organism  causing  a  disease  of 
plums  in  Connecticut  as  BaoteHwn  prum  and  suggested  that  possi- 
bly the  bacterial  disease  of  peach  leaves  he  had  mentioned  in  1903 
might  be  caused  by  the  same  organism  as  the  plum  disease.  In  1909 
Clinton  {12)  identified  the  bacterial  disease  of  peach  leaves  as  that 
caused  by  Bact.  pnmi,  and  he  also  published  an  excellent  illustra- 
tion of  it. 

Another  early  reference  of  interest  is  the  report  by  Heald  {14, 
p,  32-33)^  in  1906,  of  a  twig  canker  of  plums  in  Nebraska.  The 
symptoms  as  described  by  him  seem  fairly  characteristic  of  the  dis- 
ease, but  it  is  not  possible  to  decide  definitely  from  the  brief  note 
that  the  organism  was  Bacterium  pruni. 

Smith  (^)  read  a  paper  before  the  Society  of  American  Bacteri- 
ologists in  December,  1908,  in  which  he  reported  the  production  of 
spots  on  the  leaves  of  a  peach  tree  standing  in  the  open  following  the 
spraying  of  the  leaves  with  a  suspension  of  the  pathogene  isolated 
from  plum.  The  spots  produced  in  this  experiment  were  identical, 
according  to  Smith,  with  those  naturally  occurring  on  the  peach,  and 
he  felt  that  "  there  can  be  no  doubt  that  the  leaf  spot  of  the  peach  is 
identical  with  that  of  the  black  spot  of  the  plum,  both  being  due  to 
Bacterivmi  prvmV 

These  experiments  were  the  first  cross  inoculations  of  peach  leaves 
with  cultures  of  the  organism  derived  from  the  plum. 

In  1909  Rorer  {SJt.)  discussed  a  bacterial  disease  of  the  peach.  He 
stated  that  O'Gara  had  found  a  disease  on  peach  foliage  in  Georgia 
that  he  thought  might  be  of  bacterial  origin,  and  that  the  same 
trouble  had  been  observed  in  1905  by  W.  M.  Scott.  Rorer  himself  in- 
vestigated the  disease  in  1906-07.  He  isolated  a  motile  yellow  organ- 
ism from  young  leaf  spots  in  1906,  and  in  1907,  using  this  organism, 
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was  able  to  reproduce  the  disease  on  the  leaves.  As  a  result  of  these 
inoculations  he  concluded  that  the  leaf-spot  disease  of  peach  was 
bacterial  in  nature. 

Rorer  described  spots  on  the  young  twigs  from  which  he  isolated  a 
bacterium  apparently  identical  with  that  obtained  from  the  leaves. 
He  also  observed  a  spot  on  the  fruit  that  he  considered  to  be  caused 
by  this  organism.  Attempts  to  isolate  the  organism  from  the  fruit 
spots  were  not  successful,  but  sections  showed  masses  of  bacteria 
present  in  the  tissues. 

Rorer  grew  the  plum  and  peach  organisms  side  by  side  in  culture 
and  found  they  had  the  same  cultural  reactions.  These  facts,  together 
with  the  similar  symptoms  on  the  two  hosts  and  the  results  of  the  in- 
oculation experiments,  indicated  strongly  that  the  two  organisms 
were  the  same  species,  and  he  felt  it  was  safe  to  assume  that  the  or- 
ganism causing  the  peach  leaf,  twig,  and  fruit  spots  was  Bacterlvmi 
pmini. 

Heald  and  Wolf  {15)  reported  the  presence  of  a  bacterial  disease 
on  plum  twigs  in  the  vicinity  of  San  Antonio,  Tex.,  in  1912.  From 
their  description  of  the  symptoms  it  seems  likely  that  they  were  deal- 
ing with  the  disease  caused  by  Bcucteriumx  pruni. 

Lewis  (^-5),  also  working  in  Texas,  published  in  1912  an  account 
of  a  bacterial  canker  of  plum  twigs.  The  organism  was  isolated  from 
the  cankers,  and  when  suspensions  were  sprayed  upon  young  plum 
trees  abundant  leaf  spots  developed.  Isolations  from  these  leaf  spots 
yielded  cultures  of  an  organism  similar  to  the  one  originally  isolated 
from  the  twig  cankers.  Although  many  leaf  spots  developed,  only  a 
few  cankers  were  produced  on  the  twigs.  The  cankers  that  developed 
resembled  those  occurring  in  the  field  under  natural  conditions.  Fur- 
ther inoculations  were  made  by  puncturing  the  twigs  with  a  sterile 
needle  and  then  introducing  bacteria  into  the  wounds.  This  procedure 
resulted  in  the  production  of  twig  cankers  on  both  plum  and  peach. 

The  fact  that  the  organism  isolated  from  plum  twigs  could  cause 
spots  on  the  leaves  led  Lewis  to  reexamine  the  orchard  from  which 
the  twigs  were  obtained.  Leaf  spots  were  found  in  abundance  and 
also  a  few  fruit  spots.  A  yellow  organism  was  isolated  from  both  of 
these  sources  and  grown  side  by  side  with  the  organism  originally 
isolated  from  the  cankers.  Their  cultural  characteristics  were  simi- 
lar ;  and  since  these  agi*eed  in  all  respects  with  those  of  the  original 
description  of  BacteHum  fruni^  Lewis  felt  certain  that  the  plum 
organism  he  had  isolated  was  none  other  than  Bad.  pruni  E.  F. 
Smith. 

Rolfs  (33)^  in  1915  presented  the  first  monographic  study  of  the 
disease.  It  is  in  this  paper  entitled  "A  Bacterial  Disease  of  Stone 
Fruits  "  that  we  find  the  first  detailed  description  of  the  growth 
of  the  organism  on  various  media.  Likewise,  it  is  in  this  paper 
that  we  have  the  first  attempts  to  describe  in  detail  the  seasonal  life 
history  of  the  organism  and  the  first  mention  of  the  cankers  as  car- 
riers of  the  disease  from  one  season  to  another.  The  apricot  and 
nectarine  are  added  to  the  peach  and  plum  as  susceptible  species, 
and  the  symptoms  on  the  leaves,  twigs,  and  fruit  of  all  four  of  these 
fruits  are  discussed.  The  pathological  histology,  incubation  period, 
effect  of  environmental  factors,  and  other  points  are  touched.  In 
short,  his  paper  is  a  true  monograph  of  the  disease,  although  certain 
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of  his  conclusions,  in  the  light  of  recent  investigations,  need  modi- 
fication, and  his  discussion  of  the  seasonal  life  history  of  the.  organ- 
ism can  be  amplified  so  that  a  more  exact  understanding  of  the 
behavior  of  the  organism  is  gained. 

In  1918  McCubbin  (29)  observed  an  outbreak  of  the  disease  in 
the  peach  orchards  of  Ontario,  Canada.  Severe  defoliation  occurred 
on  the  Elberta  variety  and  to  a  lesser  extent  on  the  J.  H.  Hale 
variety.  Bacterial  lesions  were  observed  on  about  20  per  cent  of  the 
twigs  of  the  current  year,  and  bacterial  exudate  was  observed  on 
the  older  leaf  spots.  A  microscopic  examination  of  the  diseased 
tissues  revealed  hollow  cavities  filled  with  masses  of  bacteria. 

In  1917  Sackett  (36)  discovered  a  bacterial  disease  of  the  Wragg 
cherry  {Prunus  cerasi&s)  which  he  thought  was  caused  by  BacteHuni 
pruni.  He  reported  upon  this  disease  from  time  to  time  (^7),  finally 
concluding  in  1925  {37^  Rpt.  38)  that  the  organism  was  not  Bad. 
pruni  but  a  form  which  he  named  PhytomorKM  cerasi  wraggi. 

Ishiyama  {19)  reported  in  1922  that  he  was  unable  to  secure 
stomatal  infection  of  the  almond  {Prunus  cormnumh)  with  an  organ- 
ism he  determined  as  Bacterium  pruni.  He  stated  that  negative 
results  were  obtained  repeatedly  and  doubted  Smith's  conclusion  that 
the  organism  gains  entrance  to  the  host  through  the  stomata.  He 
felt  that  the  organism  was  a  wound  parasite. 

THE  DISEASE 

SYMPTOMS 

The  disease  occurs  on  the  leaves,  twigs,  and  fruit,  and  produces 
characteristic  symptoms  distinguishing  it  from  other  diseases  of 
peaches  and  plums. 

I^EAVES 

The  first  indication  of  the  disease  on  peach  leaves  is  the  appear- 
ance of  circular,  pale-green  (almost  white)  spots  0.5  to  1.0  mm.  in 
diameter  on  the  upper  surface  of  the  leaves.  These  spots,  which 
Kolfs  {33)  termed  "  grey  specks,"  occur  singly  or  in  groups,  and 
are  frequently  very  numerous  at  the  tip  of  the  leaf,  but  may  occur 
scattered  over  the  entire  surface  of  the  blade. 

The  color  of  these  small  circular  spots  soon  changes  from  the  very 
pale  green  of  the  original  spot  to  light  brown.  The  color  of  the  tis- 
sue immediately  surrounding  the  brown  area  fades  to  a  light  yellow- 
ish green.  This  band  of  light  yellowish  green  tissue  forms  a  halo 
(pi.  1,  A)  about  the  brown  tissue  in  the  center  of  the  spot. 

The  next  symptom  to  appear  is  the  development  of  a  "  water- 
soaked  "  area  (pi.  1^  C)  involving  the  entire  spot,  including  the  light- 
green  halo.  The  tissue  is  probably  water-soaked  in  the  true  sense 
of  the  term,  as  this  symptom  has  been  observed  only  following  heavy 
rains  or  heavy  dews. 

The  symptoms  just  described  are  rather  evanescent  and  give  place 
very  soon  to  those  which  have  been  widely  observed,  namely,  small, 
purple  to  purplish  brown  spots  from  1  to  5  mm.  in  diameter.  (PI.  2, 
A.)  These  spots  are  generally  angular  in  shape,  and  the  injury 
seems  to  be  confined  largely  to  the  areas  included  between  the  very 
small  veins.     A  microscopical  examination  of  sections  from  these 
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Plate  1 


A,  Portion  of  Woodland  Cling  peach  leaf  enlarged  to  show  halo  about  the  spot.  Collected  at 
Grifhn,  Ga.,  June  1, 1927,  X  4;  B,  cankers  caused  by  Bacterium  pruni  on  twigs  of  Prunus  davidiana 
collected  at  Fort  Valley,  Ga.,  June  15, 1928,  X  1;  C,  water-soaked  appearance  of  leaf  spots.  Leaf 
of  seedling  peach  collected  at  Byron,  Ga.,  May  17, 1927,  X  1;  D,  spots  caused  by  Bad.  pruni  on 
leaves  of  P.  davidiana  collected  at  Fort  Valley,  Ga.,  June  15, 1928,  X  1 
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PLATE  2 


&  Co.,  Inc. 


Symptoms  of  bacterium  pruni  Infections  on  the  peach 

A,— Twig  with  an  overwintered  canker  and  fruit  and  leaf  spots.  The  canker  resulted  from  infection 
during  the  season  of  1924,  and  the  fruit  and  leaf  spots  were  the  result  of  infections  in  1925.  Elberta 
variety,  collected  at  Barron's  Lane,  Qa.,  May  30, 1925.  B.— Seedling  twig  showing  lesions  resulting 
from  artificial  inoculations  made  May  8,  1925,  at  Fort  Valley,  Ga.  The  twig  was  removed  from  the 
tree  on  May  30,  1925 
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spots  confirms  this  observation,  as  only  rarely  was  the  organism 
observed  to  spread  beyond  the  vascular  units  of  the  small  veins. 

The  individual  spots  are  rather  small,  but  adjacent  spots  may  fuse 
and  involve  rather  extensive  areas  of  the  leaf  surface.  The  tissues 
killed  by  the  organism  become  darker  in  color,  dry  out,  and  tear 
away  from  the  liealthy  tissues,  producing  the  so-called  shot-hole 
effect,  which  is  a  typical  symptom  of  the  advanced  stages  of  the  dis- 
ease on  the  leaf.  When  the  fusion  of  adjacent  spots  and  the  subse- 
quent dropping  out  of  the  dead  tissues  occurs  at  the  tip  or  along  the 
margins  of  the  leaf  a  very  ragged  appearance  results. 

The  spots  resulting  from  the  infections  of  the  leaves  by  Bacteriwn 
pruni  have  been  confused  with  leaf  injuries  resulting  from  arsenical 
sprays  and  with  a  widespread  leaf-spot  and  shot-hole  disease  that 
seems  to  be  physiological  in  nature. 

It  is  difficult  to  establish  criteria  for  the  rapid  and  accurate  sepa- 
ration of  young  spots  caused  by  the  bacterial  pathogene  and  small 
spots  resulting  from  arsenical  injury.  The  presence  of  the  halo  or 
light-green  area  about  the  bacterial  spot  is  probably  its  most  dis- 
tinguishing characteristic.  In  general  the  arsenical  injurv  spots  are 
rounded  to  irregular  in  outline  and  present  a  more  or  less  zonate 
or  target-board  appearance.  They  also  are  accompanied  frequently 
by  scorched  leaf  margins  and  small  cankers  about  the  leaf  axils. 

The  presence  of  bacterial  exudate  on  the  older  spots  facilitates  the 
identification  of  the  disease  in  the  field.  This  exudate  occurs  on  the 
under  surface  of  the  leaf  in  the  form  of  either  globular  droplets 
(observed  only  rarely)  or  thin  whitish  membranelike  scales,  closely 
appressed  to  the  surface  of  the  leaf.  These  membranelike  scales  are 
the  result  of  the  drying  out  of  the  mass  of  bacteria  after  it  has  exuded 
from  the  necrotic  tissues.  The  presence  of  these  scales  can  be  detected 
by  their  slightly  upturned  margins  or  by  the  smooth  glassy  appear- 
ance of  the  spot.  Frequently  the  membranelike  scale  is  free  save  a 
small  area  in  the  center.  At  times  the  exudate  can  be  detected  on 
the  upper  surface  of  the  leaves,  but  the  writer  has  never  seen  it  as 
pronounced  there  as  on  the  under  surface. 

The  spot  caused  by  B(wtermm%  jmimi  can  be  distinguished  from  the 
one  supposed  to  be  physiological  in  nature  by  the  fact  that  the  mar- 
gins of  the  latter  are  more  or  less  fimbriate.  In  the  so-called  physio- 
logical spot  there  seems  to  be  a  production  of  anthocyan  pigment 
which,  instead  of  becoming  concentrated  into  a  solid  area,  is  diffused 
along  the  tiny  veins.  It  is  this  diffused  character  of  the  discoloration 
that  produces  the  fimbriate  margins. 

The  symptoms  of  the  disease  on  plum  leaves  are  more  definite  and 
pronounced  than  on  peach  leaves.  This  is  particularly  true  of  the 
"  water-soaked  "  appearance  of  the  spot  on  the  under  surface  of  the 
leaf  and  also  of  the  presence  of  bacterial  exudate.  The  writer  has 
seen  cases  on  the  plum  where  there  were  as  many  as  10  individual 
membranelike  scales  on  the  under  surface  of  a  small  leaf. 

A  leaf  spot  caused  by  a  species  of  Coccomyces  (Cylindrosporium) 
at  times  may  be  confused  with  the  bacterial  spot  disease,  but  the  pres- 
ence of  the  fungus  hyphae  and  usually  the  conidia  on  the  spot  should 
remove  any  doubt  as  to  the  true  nature  of  the  causal  organism. 

Arsenical  burning  on  plum  leaves,  although  more  likely  to  be 
marginal,  presents  the  same  difficulties  that  it  does  with  the  peach. 
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and  positive  identification  can  be  made  at  times  only  with  the  aid  of 
the  microscope. 

The  writer  has  observed  Bactermmi  pruni  leaf  spots  on  the  nectarine 
{Prunus  persica  var.  nucipersica)  ^  the  apricot  {P.  armeniaca),  and 
P.  davidiana^  and  the  symptoms  are  similar  to  those  already 
described  for  the  peach  and  plum.  However,  an  opportunity  was  not 
available  to  study  these  hosts  as  intensively  as  the  peach  and  plum, 
so  there  is  a  possibility  that  certain  variations  have  been  overlooked. 

FETJTT 

The  symptoms  produced  on  peach  fruit  are  twofold  in  nature — pri- 
mary, those  which  appear  directly  after  the  invasion  of  the  tissue  by 
the  organism,  and  secondary,  subsequent  changes  in  the  primary 
lesions  produced  by  the  peach  itself  as  the  result  of  growth.  Both 
types  are  symptoms  of  the  disease,  but,  strictly  speaking,  those  in  the 
second  category  are  really  indirect,  as  Smith  (^,  p,  46)  has  pointed 
out. 

The  first  macroscopic  indication  of  the  disease  on  the  fruit  is  a  cir- 
cular, faint-brown  spot  on  the  surface  of  the  skin.  The  spot  is  gen- 
erally 0.5  to  1.0  mm.  in  diameter  and  is  not  readily  discernible  with- 
out the  aid  of  a  lens.  As  the  spot  enlarges  the  center  becomes  slightly 
darker  and  sunken,  and  frequently  the  margin  appears  "water- 
soaked."    (PI.  3,  A  and  B.) 

The  spots  themselves  are  not  limited  to  any  special  area  on  the 
surface  of  the  fruits  nor  does  any  area  seem  to  be  particularly  favor- 
able for  their  development.  In  this  respect  the  disease  is  decidedly 
different  from  peach  scab,*'  where  the  stem  end  is  the  favored  site  for 
infection.  The  spots  may  be  isolated  or  they  may  occur  in  groups ;  in 
the  latter  case  they  very  frequently  coalesce  and  involve  extensive 
areas. 

As  a  general  rule,  primary  symptoms  appear  only  while  the  fruit  is 
small,  although  in  seasons  favorable  to  the  spread  of  the  disease 
primary  symptoms  may  be  found  on  the  fruit  even  at  harvest  time. 

The  secondary  symptoms,  as  mentioned  before,  result  from  the 
stresses  and  strains  set  up  as  the  fruits  increase  in  size.  For  the  pur- 
pose of  discussion  they  may  be  divided  into  several  different  types. 

Small-orach  type. — ^This  is  a  very  common  type  (pi.  4,  A,  and  pi.  2,  A)  found 
throughout  the  season.  The  secondary  symptoms  seem  to  be  confined  mainly  to 
the  development  of  small,  shallow  cracks.  In  general,  the  appearance  of  the 
fruit  is  not  seriously  marred. 

Coalesced-crack  type. — This  type  (pi.  4,  B)  is  very  obviously  derived  from  the 
small-crack  type  by  the  coalescing  of  the  individual  cracks.  In  this  group  there 
is  considerable  variation  in  the  severity  of  the  injury,  ranging  from  a  few  cracks 
which  do  not  materially  injure  the  appearance  of  the  fi*uit  to  cases  in  which 
large  areas  are  checked  and  cracked  and  the  fruit  is  rendered  worthless. 

Island  type. — The  small  cracks  form  circular  aggregations  (pi.  4,  C)  with 
remnants  of  the  original  tissue  remaining  as  "  islands  "  in  the  central  portion  of 
the  affected  areas, 

Stellate  ttjpe.— The  cracks  in  this  rather  uncommon  type  (pi.  4,  D)  coalesce 
more  or  less  at  right  angles  to  form  star-shaped  lesions. 

Pin-point  type. — In  this  type  (pi.  5,  A),  which  is  quite  distinct  from  those 
just  described,  the  cracks  are  very  small  (generally  less  than  0.5  mm.  long). 
Each  crack  when  present  on  the  blush  surface  of  the  fruit  is  surrounded  by  a 
circular  light-green  halo  that  gives  the  surface  a  mottled  appearance.     The 
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PLATE  3 


Primary  Symptoms  of  Bacterium  pruni  Infection  on  Peach  Fruit 

A  and  B,  Young  spots  on  immature  Elberta  fruit  from  Barron's  Lane,  Ga.,  collected  April  7, 1925. 
The  water-soaked  appearance  of  the  spots  is  quite  pronounced,  but  does  not  show  well  when 
photographed,  X  V/i;  C,  bacterial  exudate  on  young  spots.  Elberta  peach  from  Springdale, 
Ark.,  collected  August  17, 1929,  X  1;  D,  portion  of  C  enlarged  to  show  more  clearly  the  exudate 
about  the  young  spots,  X  3. 
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Plate  4 


'Wl^--. 


Secondary  Symptoms  of  Bacterium  pruni  Infections  on  Peach  Fruit 

A,  Small-crack  type  on  Elberta  fruit  from  Barron's  Lane,  Ga.,  collected  July  16, 1923;  B,  coalesced- 
crack  type  on  Elberta  fruit  from  Barron's  Lane,  Ga.,  collected  July  12,  1927;  C,  island  type  on 
Elberta  fruit  from  Barron's  Lane,  Ga.,  collected  July  12, 1927;  D,  stellate  type  on  White  English 
peach  from  Lamar,  Ark.,  collected  August  9,  1929.     All  X  ?i. 
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PLATE  5 


Secondary  Symptoms  of  Bacterium  pruni  on  Peach  Fruit 

A,  Pin-point  type  on  Early  Rose  peach  from  Thomaston,  Ga.,  collected  June  21,  1928,  X  H',  B, 
gum-flow  type  on  Woodland  Cling  peaches  from  Griffin,  Ga.,  collected  June  1,  1927,  X  1;  C, 
gum-flow  type  cut  open  to  show  typical  necrotic  spot  in  tissue  under  mass  of  gum,  X  1.  (Al- 
though B  and  C  might  be  confused  with  insect  injuries,  the  writer  obtained  pathogenic  cultures 
of  the  causal  organism  from  the  diseased  tissues.) 
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A,  Young  cankers  on  seedling  twigs  from  Byron,  Ga.,  collected  May  3, 1927,  XH',  B. 
overwintered  Bacterium  pruni  canlcers  on  Elberta  twigs  collected  June  14,  1928. 
Cultures  of  the  organism  were  isolated  from  cankers  identical  with  these,  X  94: 
C  and  D,  spots  on  mature  Shiro  plums  from  De  Queen,  Ark.,  resulting  from  in- 
fection by  Bact.  pruni.  Note  the  secondary  invasion  of  the  tissue  by  the  brown-rot 
fungus  (Sderotinia  jructicola)  on  the  plum  at  the  lower  right,  X  1 
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spots  may  coalesce,  but  the  majority  remain  distinct.  The  halo  about  the  spot 
causes  it  superficially  to  resemble  young  spots  caused  by  the  peach-scab  fungus. 
This  type  is  particularly  common  on  the  earlier-maturing  varieties,  such  as 
Carman  and  Early  Rose,  but  it  may  occur  on  all  varieties  and  was  observed 
frequently  on  the  Elberta  in  Arkansas  in  1929. 

Gmn-fiow  type. — Occasionally  gum  exudes  from  the  diseased  tissues,  causing 
the  spot  to  be  confused  with  injuries  caused  by  chewing  insects.  If  the  gum 
is  lifted  away  carefully  the  identity  of  the  spot  generally  can  be  determined. 
The  copious  production  of  gum  such  as  is  illustrated  in  Plate  5,  B  and  C, 
although  found  on  certain  varieties  of  clingstone  peaches,  is  rather  exceptional 
for  most  other  varieties  of  the  peach,  the  vast  majority  of  the  spots  remaining 
free  from  gum  throughout  the  season. 

There  are  certain  other  symptoms  on  the  fruit  which  are  of  con- 
siderable aid  in  identifying  the  spots.  One  is  the  production  of 
exudate  from  the  young  spots.  (PL  3,  C  and  D.)  This  phenomenon 
has  been  noted  occasionally  on  spots  2.0  mm.  in  diameter,  but  is  much 
more  common  on  slightly  larger  spots.  The  exudate  is  ^lightly  viscid 
under  conditions  of  high  humidity,  yellowish  in  color,  and  dries  into 
small  hornlike  projections.  Occasionally  there  is  a  small  bit  of  epi- 
dermis resting  on  top  of  the  mass  of  exudate  which  would  indicate 
that  the  epidermis  was  torn  away  by  the  pressure  of  the  mass  of 
bacteria  below  it.  This  exudate  serves  as  inoculum  for  subsequent 
infections  which  occur  every  season,  but  are  more  numerous  in  rainy 
seasons  when  conditions  are  exceptionally  favorable.  When  these 
secondary  infection,s  occur,  spots  of  var^ring  ages  and  stages  of 
development  are  present  on  the  fruit,  ranging  from  the  merely  dis- 
colored areas  (primary  symptoms)  of  very  recent  infections  to  large 
cracks  (secondary  symptoms)  where  the  older  spots  have  coalesced 
and  the  tissues  have  been  ruptured  by  the  growth  of  the  fruit. 

The  fruit  spots,  particularly  those  more  advanced,  are  ^  char- 
acteristic that  there  is  little  likelihood  of  the  disease  being  confused 
with  other  troubles  to  which  peach  fruit  is  subject.  However,  as 
mentioned  before,  the  small  spots  at  the  stage  when  the  first  cracks 
begin  to  appear  on  the  peach  may  be  confused  with  scab  ^pots.  This 
is  particularly  true  of  the  pin-point  type  if  the  spots  occur  on  the  red 
or  blush  surface  of  Early  Rose  or  Georgia  Belle  fruit.  Peach  scab, 
however,  is  very  superficial,  and  the  true  identity  of  the  bacterial 
spots  can  be  determined  if  the  epidermis  is  scraped  away  and  the 
necrotic  area  in  the  tissues  revealed. 

Mild  case,s  of  arsenical  injury  to  the  fruit  possibly  might  be  con- 
fused with  the  young  spots  caused  by  the  pathogene,  especially  the 
pin-point  type.  The  symptoms  resulting  from  severe  arsenical  injury 
are  very  distinct  and  can  be  distinguished  readily  from  Bacterium 
pruni  spots. 

The  writer  has  seen  one  instance  in  which  the  injury  to  fruit  re- 
sulting from  copper  du,st  applied  to  peach  trees  might  be  confused 
with  the  pin-point  type  of  infection. 

TWIGS 

Rorer  {3Ji)  was  the  first  investigator  to  report  the  occurrence  of 
BacteriudTh  prvmi  lesions  on  peach  twigs.  In  the  course  of  his  studies 
he  observed  cankers  on  the  twigs  of  the  current  season's  growth  and 
obtained  cultures  of  the  organism  from  them. 

73122°— 32 2 
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Eolfs  (SS,  p,  393)  stated  that  the  twig  lesions  usually  appear  dur- 
ing the  month  of  May  or  June.  According  to  him,  "  *  *  *  the  first 
visible  indication  of  a  canker  is  the  appearance  on  the  young  shoots 
of  a  water-soaked  spot  surrounding  a  lenticel."  He,  too,  was  success- 
ful in  obtaining  cultures  of  the  organism  from  the  diseased  tissues. 

Koberts  {31)  mentions  the  occurrence  of  twig  cankers  and  gives  a 
brief  description  of  their  external  appearance. 

Notwithstanding  the  work  of  these  investigators,  considerable  con- 
fusion still  exists  concerning  the  cankers  on  peach  twigs.  This  prob- 
ably is  due  to  the  fact  that  they  are  much  scarcer  than  the  work  of 
K-orer  and  of  Rolfs  would  indicate,  and  also  to  the  fact  that  arsenical 
injuries  and  other  spots,  especially  a  reddish  nonparasitic  spot,  fre- 
quently have  been  identified  erroneously  as  true  bacterial-spot 
cankers. 

The  youngest  lesions  the  writer  has  observed  have  been  water- 
soaked  areas  on  the  twigs.  They  involved  more  than  one  stoma  and 
were  not  considered  the  first  stage  of  canker  development.  Slightly 
older  lesions  were  brown  to  purple  black  in  color,  only  slightly  sunken 
in  the  center,  circular  to  elliptical  in  shape,  with  water-soaked  mar- 
gins. (PI.  6,  A.)  They  were  not  confined  to  any  one  side  of  the  twig 
or  to  a  particular  location,  but  occurred  at  and  between  the  nodes. 
The  true  nature  of  these  lesions  was  established  by  isolating  the 
organism  from  the  diseased  tissue  and  proving  its  pathogenicity  in 
subsequent  inoculation  experiments. 

A  further  stage  in  their  development  was  observed  later  in  the  sea- 
son when  cankers  10  mm.  long,  elliptical,  with  their  long  axes  parallel 
to  the  long  axis  of  the  tv/ig,  were  noted.  The  epidermis  in  the  center 
of  the  diseased  area  was  ruptured,  and  gum  was  oozing  from  the  ne- 
crotic tissues.  The  individual  cankers  had  started  to  coalesce,  form- 
ing elongated  areas  of  blackened  and  sunken  tissues.  While  increase 
in  size  mainly  was  parallel  to  the  long  axis,  there  also  was  a  tendency 
for  the  lesion  to  spread  sidewise  and  encircle  the  twig.  No  case  was 
observed  in  which  the  twig  was  girdled  completely  by  a  single  canker, 
but  practically  the  same  result  was  achieved  by  the  lateral  fusion  of 
adjacent  cankers. 

Peach  twigs  are  yellowish  green  to  green  during  the  early  part  of 
the  growing  season,  and  consequently  the  dark  lesions  are  quite  con- 
spicuous on  them.  Toward  the  end  of  the  growing  season,  however, 
the  twigs  become  dark  green  and  the  bacterial  cankers  are  no  longer 
conspicuous. 

In  the  literature  there  is  very  little  mention  of  the  appearance  of 
twig  cankers  during  their  second  season.  They  are  not  common  in 
Georgia  orchards,  but  a  few  have  been  found  each  year  after  an 
intensive  search  for  them.  These  overwintered  cankers  are  ellipti- 
cal in  shape  and  black  in  color.  The  bark  is  ruptured,  and  in  some 
cases  considerable  gum  oozes  from  the  diseased  area.  Those  ob- 
served ranged  from  8  to  24  mm.  long  and  from  2  to  7  mm.  wide. 
Their  general  appearance  is  shown  in  Plate  6,  B,  and  Plate  2,  A. 

ECONOMIC  IMPORTANCE 

The  economic  losses  resulting  from  outbreaks  of  Bacterium  pruni 
may  be  divided  into  three  categories : 
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(1)  The  devitalization  of  the  tree,  with  its  manifold  consequences  as  the 
result  of  defoliation. 

(2)  Killing  of  twigs. 

(3)  Damage  to  the  fruit  each  season  as  the  result  of  direct  infection. 

The  average  orchardist  is  inclined  to  consider  the  third  effect  as 
the  one  of  paramount  importance.  It  must  be  admitted  that  this 
direct  injury  is  more  tangible,  but  in  all  probability  the  devitaliza- 
tion of  the  tree  is  of  equal  if  not  greater  importance. 

DEVITALIZATION   OF  TREE 

The  devitalization  of  the  tree  is  brought  about  by  the  continued 
dropping  of  infected  leaves  throughout  the  growing  season.  The 
extent  of  this  drain  on  the  vitality  of  the  tree  is  well  illustrated  in 
the  following  observations  reported  by  Gardner,  of  the  Indiana 
Agricultural  Experiment  Station,  to  the  Bureau  of  Plant  Industry, 
United  States  Department  of  Agriculture :  ^ 

Mr.  H.  E.  Newland  ascertained  the  rate  of  defoliation  on  18  representative 
trees  in  these  plots  during  the  9-day  period  between  July  26  and  August  3, 
1923,  and  found  that  single  trees  lost  as  many  as  1,226,  1,340,  1,538,  and  even 
1,848  leaves  during  the  period  mentioned.  The  lowest  figure  was  314.  The 
average  daily  rate  of  leaf  fall  varied  from  52  to  205  per  tree,  a  condition  which 
is  really  appalling  and  illustrates  well  the  destructiveness  of  this  disease. 

It  is  very  difficult  to  measure  quantitatively  the  after  effects  pro- 
duced by  defoliation,  but  various  forms  of  winter  injury  and  reduc- 
tion in  the  size  of  the  crop  as  the  result  of  improperly  nourished 
buds  are  frequent  aftermaths  of  severe  outbreaks  of  the  disease.  It 
is  not  to  be  inferred  that  these  necessarily  attend  every  outbreak, 
but  they  have  been  observed  from  time  to  time  in  widely  separated 
localities. 

KILLING  OF  TWIGS 

On  the  peach  the  injury  to  twig  growth  resulting  from  the  forma- 
tion of  cankers  is  of  minor  importance,  but  on  susceptible  varieties 
of  plum  the  organism  frequently  causes  severe  damage  by  girdling 
the  young,  developing  twigs. 

DAMAGE  TO  PBUIT 

The  injury  to  the  peach  fruit  may  be  as  low  as  2  per  cent  on  indi- 
vidual trees  in  seasons  unfavorable  to  the  development  of  the  disease, 
while  in  an  exceptionally  favorable  season  it  may  reach  100  per  cent 
on  weak  trees  and  range  from  33  to  76  per  cent  on  average  trees. 
These  figures  are  based  on  actual  counts  made  in  Georgia  orchards. 
Although  they  can  not  be  applied  to  more  northern  orchards,  they 
give  some  indication  of  the  variability  of  the  disease  and  how  serious 
it  may  become  in  some  seasons. 

In  1925  the  disease  was  not  prevalent  in  the  Fort  Valley  section  of 
Georgia,  and  the  percentage  of  infected  fruit  on  the  individual  trees 
(Table  1)  ranged  from  2  to  21.  In  1926  the  disease  was  present 
in  an  aggravated  form,  and  the  figures  in  Table  2  clearly  indicate 


'Orton,  C.  R.,  and  Wood,  J.  I._  diseases  op  fruit  and  nut  crops  in^  the  united 
[•AXES  IN  1923;     U.  S.  Dept.  Agr., 
35-147.     1924.      [Mimeographed.] 
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the  increase  in  the  prevalence  of  the  disease  as  compared  with  1925. 
The  difference  in  the  number  of  infected  fruits  on  the  average  trees 
Tend  the  weak  trees  (Table  2)  is  also  quite  pronounced.  In  1927  the 
percentage  of  infected  fruit  was  about  midway  between  that  of  the 
1925  and  1926  seasons.  It  varied  from  14  to  56  per  cent.  (Table  3.) 
These  figures  do  not  represent  the  commercial  loss  to  the  growers, 
because  part  of  the  infected  fruit  was  injured  only  slightly  and  could 
be  marketed. 


Table  1. 


-Number  and  percentage  of  Elberta  fruit  infected  with  Bacterium 
pruni  in  a  peach  orchard  at  Barrons  Lane,  Qa.,  in  1925 


Tree  No. 

Total 
fruit 

Infected 

Sound 

Tree  No. 

Total 
fruit 

Infected 

Sound 

1  -      . 

Number 
724 
538 
446 
584 
511 

Numb  r 
11 
28 
34 
64 
14 

Perct. 
2 
5 
8 
11 
3 

Number 
713 
510 
412 
520 
497 

Per  ct. 
98 
95 
92 
89 
97 

6 

Number 
98 
248 
158 
305 
198 

Number 
9 
63 
10 
38 
5 

Per  ct. 
9 
21 
6 
12 
3 

Number 
89 
195 
148 
267 
193 

Per  ct. 
91 

2 

7 

79 

3 

8  . 

4 

9 

88 

5 

10 

97 

TABLE  2. — Number  and  percentage  of  Elberta  fruit  infected  with  Bacterium, 
pruni  in  a  peach  orchard  havvng  average  trees  at  Fort  Valley^  Ga.,  and  in  a 
peach  orchard  having  iveak  trees  at  Byron,  Oa.y  in  1926 


Condition 

and  tree 

No. 

Total 
fruit 

Infected 

Sound 

Condition 

and  tree 

No. 

Total 
fruit 

Infected 

Sound 

Average: 

1 

2 

3 

4 

6 

Weak: 

1 

2 -- 

3 

4 

5 

Number 
510 
715 
320 
444 
424 

138 
31 
26 

121 
48 

Number 
386 
300 
107 
177 
286 

132 
28 
23 

111 
44 

Per  ct. 

76 
42 
33 
40 
67 

96 
90 
88 
92 
92 

Number 
124 
415 
213 
267 
138 

6 
3 
3 
10 
4 

Per  ct. 
24 
58 
67 
60 
33 

4 
10 
12 

8 
8 

Weak-Con. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 - 

Number 
22 
74 
19 
44 
39 
50 
60 
70 
229 
49 

Number 
22 
70 
18 
41 
32 
49 
58 
66 
190 
44 

Perct. 
100 
95 
95 
93 
82 
98 
97 
94 
83 
90 

Number 
0 
4 
1 
3 
7 
1 
2 
4 

39 
5 

Per  ct. 
0 
5 
5 
7 
18 
2 
3 
6 
17 
10 

Table  3. — Number  and  percentage  of  Elberta  fruit  infected  with  Bacterium 
pruni  in  a  peach  orchard  at  Barrons  Lane,  Ga.,  in  1927  on  average  trees 


Tree  No. 

Total 
fruit 

Infected 

Sound 

Tree  No. 

Total 
fruit 

Infected 

Sound 

1 

Number 
676 
564 
1,227 
1,130 
691 
699 
444 
394 
604 
646 

Number 
221 
289 
558 
696 
385 
335 
190 
200 
231 
211 

Per  ct. 
38 
51 
46 
53 
56 
56 
43 
51 
38 
33 

Number 
366 
275 

534 
306 
264 
254 
194 
373 
435 

Per  ct. 
62 
49 
55 
47 
44 
44 
57 
49 
62 
67 

11 

Number 
812 
868 
619 
653 
736 
418 
364 
668 
528 
564 

Number 
417 
280 
201 
295 
270 
93 
70 
78 
114 
266 

Per  ct. 
51 
32 
32 
45 
37 
22 
19 
14 
22 
47 

Number 
395 
588 
418 
358 
466 
325 
294 
490 
414 
298 

Per  ct. 
49 

2 

12 

68 

3 

13 

68 

4 

14 

15 

16 

65 

5  -  - 

63 

6 

78 

7 

17     

81 

8  . 

18 

86 

9 

19 

78 

10 

20 

53 

In  estimating  the  commerciaLdamage  many  economic  factors,  such 
as  the  grades  packed  during  the  season,  grades  maintained  by  the 
individual  grower,  and  the  demand  for  the  fruit,  must  be  considered. 
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but  can  not  be  evaluated  properly.  For  example,  in  1926  Georgia  had 
a  tremendous  crop  of  peaches  (17,963  cars).  The  markets  were 
glutted  and  sluggish;  consequently,  the  high  percentage  of  infected 
fruit  did  not  cause  the  monetary  loss  that  it  did  in  1929  when  the 
crop  was  short  (5,298  cars)  and  BwcteriuTii  pruni  again  prevalent. 

Taking  these  points  into  consideration  the  writer  considers  it  prac- 
tically impossible  to  measure  in  dollars  and  cents  the  loss  resulting 
from  the  infection  of  the  fruit.  Orchard  counts  such  as  tabulated 
here  give  a  comparative  indication  of  the  extent  of  the  infection  from 
year  to  year. 

Another  and  neglected  phase  of  the  fruit  injury  which  should  be 
pointed  out  is  that  peaches  severely  injured  by  the  pathogene  do  not 
make  good  canning  stock.  The  injury  to  the  fruit  by  the  organism 
is  of  such  a  nature  that  great  difficulty  arises  when  the  fruit  is  peeled 
by  treatment  with  lye.  In  this  process  the  skin  is  readily  removed 
from  a  normal  peach,  leaving  a  smooth  surface,  but  when  a  severely 
infected  peach  is  treated  similarly  a  very  inferior  product  results. 
The  skin  about  the  spots  does  not  peel  readily,  and  when  it  does  peel 
the  surface  of  the  peach  is  left  pitted.  Such  a  product  is  unsatisfac- 
tory and  this  has  led  canners  to  reject  fruit  showing  heavy  infesta- 
tion. This  results  in  further  loss  to  the  grower,  who  is  thus  unable  to 
salvage  in  some  years  a  considerable  portion  of  the  infected  fruit. 

Plums  are  frequently  more  severely  damaged  than  peaches.  No 
counts  were  made,  as  only  an  occasional  orchard  of  the  susceptible 
varieties  of  plum  is  to  be  found  in  Georgia  at  the  present  time.  Some 
indication  of  the  damage  to  the  plum  can  be  gleaned  from  the  fact 
that  in  the  early  years  of  the  present  century  plums  were  grown  very 
extensively  in  central  Georgia  only  to  fall  prey  to  the  ravages  of 
Bacterium  pi^ni.  What  was  at  the  time  an  important  and  extensive 
industry  is  now  represented  by  a  few  scattered  plantings. 

GEOGRAPHIC   DISTRIBUHQN 

The  bacterial  spot  disease  has  been  reported  definitely  from  the 
United  States,  Canada,  and  Japan.  Bacterial  leaf  spots  and  twig 
cankers  on  plum  and  cherry  have  been  reported  from  England  and 
the  Continent  by  various  investigators  (5,  ^,  4^),  but  the  causal 
organisms  are  different  from  Bcvctermm  yruni.  The  same  conditions 
appear  to  be  true  of  a  prune  leaf  spot  in  South  Africa,  according  to 
information  received  from  P.  Van  Der  Bijl,  of  the  University  of 
Stellenbosch.  The  disease  has  not  been  reported  from  the  fruit-grow- 
ing regions  of  Australia. 

K.  H.  Porter,^  of  the  University  of  Nanking,  China,  mentioned 
the  occurrence  of  a  leaf  spot  of  peach  in  the  vicinity  of  Nanking  that 
resembles  the  spot  caused  by  Bacterium  pruni.  No  isolations  were 
made,  however,  so  the  identity  of  the  causal  agent  is  in  doubt. 

It  is  not  known  in  which  of  these  sections  the  disease  originated. 
Either  North  America  or  Asia  might  be  the  native  home  of  Bac- 
teriuTn  pruni^  but  it  has  become  so  widely  distributed  and  occurs  on 
so  many  hosts  that  it  would  be  difficult  or  impossible  to  determine  its 
original  home. 

^  Porter,  R.  H.  a  preliminary  report  of  surveys  for  plant  diseases  in  east  china. 
U.  S.  Dept.  Agr.,  Bur.  Plant  Indus.  Plant  Disease  Survey  Bui.  Sup.  46:  53-166.  1926. 
[Mimeographed.] 
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In  the  United  States  the  bacterial  spot  disease  has  been  found  on 
various  hosts  in  an  area  extending  approximately  from  30°  to  45° 
north  latitude  and  from  71°  to  100°  west  longitude.  Within  this 
area  there  is  great  variation  in  such  ecological  factors  as  tempera- 
ture, precipitation,  and  topography,  and  it  is  only  natural  that  the 
disease  varies  from  year  to  year  in  any  one  particular  locality. 

Throughout  its  entire  range  the  disease  has  a  tendency  to  become 
most  prevalent  in  those  regions  where  the  soils  are  lacking  in  fer- 
tility and  the  trees  are  in  a  weakened  condition,  or  in  hilly  sections 
where  the  trees  on  the  hilltops  suffer  from  the  lack  of  food  ma- 
terials. 

The  sand-hill  section  of  North  Carolina  and  South  Carolina  is 
probably  the  region  where  the  disease  attains  its  greatest  importance. 
This  is  due  to  the  fact  that  the  Carolina  growers,  to  avoid  competi- 
tion with  the  Georgia  orchards,  have  had  to  plant  two  of  the  most 
susceptible  commercial  varieties,  Elberta  and  J.  H.  Hale,^  in  a  sec- 
tion where  conditions  are  particularly  favorable  to  the  development 
of  the  disease.  A  somewhat  similar  condition  exists  in  southern 
Indiana  and  Illinois,  where  the  disease  is  a  serious  problem  prac- 
tically every  year. 

The  fact  that  the  disease  is  most  destructive  to  trees  in  a  low  state 
of  vigor  has  been  observed  many  times  and  served  as  a  basis  for  the 
first  control  work  carried  out  by  Roberts  (31)  in  1913  to  1915. 

The  disease  has  never  been  reported  from  the  large  fruit  sections 
west  of  the  Rocky  Mountains. 

The  distribution  of  the  disease  in  the  United  States  is  shown  in 
Figure  1. 

HOSTS 

The  organism  causing  the  bacterial  spot  disease  has  been  reported 
as  occurring  only  on  species  of  the  genus  Prunus.  In  1921,  however, 
Kuwatsuka  {2S)  demonstrated  that  Sorbite  japonica  could  be  infected 
with  the  production  of  ^alls  at  the  site  of  the  inoculation,  but  no  such 
disease  of  JS.  japonica  is  known  to  occur  naturally.  He  was  unsuc- 
cessful in  his  attempts  to  infect  the  following  genera  of  the  Rosaceae : 
Amelanchier  (1),^^  Chaenomeles  (2),  Crataegus  (1),  Cydonia  (2), 
Eriobotrya  (1),  Kerria  (1),  Malus  (3),  Photinia  (2),  Pyrus  (2), 
Raphiolepis  (1),  Rosa  (4),  Rubus  (5),  Spiraea  (2),  and  Stephan- 
andra  (1). 

The  disease  has  been  reported  in  Iowa  on  Prunus  hesseyi,  on  culti- 
vated cherries,  and  on  an  unidentified  species  called  the  Rocky 
Mountain  dwarf  cherry;  on  Prunus  vmbeTlwta  in  Florida;  and  on 
cultivated  cherries  in  New  York.  It  is  unfortunate  that  the  reports 
of  the  disease  on  these  hosts  have  not  been  confirmed  by  isolations 
and  cross  inoculations  to  peach  and  plum  to  establish  definitely  the 
identity  of  the  causal  organism. 

®  In  normal  seasons  the  comparatively  resistant  Hiley  would  ripen  In  the  Carolinas 
about  the  time  the  bulls  of  the  Elberta  crop  was  being  shipped  from  Georgia.  The  Hiley 
being  a  white-fleshed  variety  generally  does  not  command  a  satisfactory  price  when  forced 
to  compete  in  the  same  market  with  the  yellow-fleshed  Elberta. 

10  The  numbers  in  parentheses  following  the  genera  indicate  the  number  of  species 
Inoculated. 
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In  1928  the  writer  had  the  opportunity  of  observing  the  infection, 
under  natural  conditions,  of  a  new  host.  The  plant  in  question, 
Prunus  davidiamxi^  an  Asiatic  species,  was  grown  at  Fort  Valley,  Ga., 
by  Lee  M.  Hutchins,  of  the  United  States  Peach  Disease  Field  Labor- 
atory, from  seed  imported  directly  from  China,  and  was  set  out,  as  an 
experimental  planting,  in  a  block  adjoined  on  two  sides  by  large 
blocks  of  Elberta  trees  in  which  the  bacterial  spot  disease  was  known 
to  occur.  On  June  6  numerous  spots,  similar  to  those  produced  by 
BcvcteTiwm  pruni  on  peach  leaves,  were  observed  on  the  leaves  of 
P.  davidiana.  (PL  1,  D.)  Cankers,  which  were  more  conspic- 
uous than  those  produced  on  the  peach,  were  observed  at  the  same 
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Figure  1. — The  distribution  of  Bacterium  pruni  in  tlie  United  States,    The  organism 
and  the  disease  it  produces  have  been  reported  from  every  State  marlced  with  a  dot 

time  on  the  twigs.  (PI.  1,  B.)  A  yellow  bacterial  organism  w^as 
isolated  from  these  leaf  spots  and  twig  cankers,  and  when  inoculated 
into  peach  leaves  and  twigs  it  produced  typical  symptoms  of  the 
bacterial  spot  disease.  This  organism  was  grown  also  on  various 
culture  media,  and  its  reactions  were  identical  to  those  of  Bact, 
pruni  isolated  from  the  peach  and  plum.  It  was  concluded,  as  the  re- 
sult of  these  cross-inoculation  experiments  and  the  laboratory  studies, 
that  the  organism  isolated  from  P.  davidiana  was  B(wt.  prum 
E.  F.  Smith.  The  disease  was  found  again  in  1929  on  this  host 
and  the  symptoms  were  identical  with  those  observed  in  1928. 
The  known  susceptible  species  are  given  in  Table  4,  with  certain 
other  pertinent  data. 
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Table  4. — List  of  plants  susceptible  t-o  Bacterium  pruni 


.  Scientific  name 

Common  name 

Investigator 

Date 

Primus  salicina  ..-  

Japanese  plum 

E   F  Smith 

1903 

Prunus  persica     

Peach . 

do 

1908 

Prunus  armeniaca 

Apricot 

F.  M  Rolfs 

1915 

Prunus  persica  var.  nucipersica 

Nectarine.-.: .. 

do.--      

1915 

Prunus  avium.      

1921 

Prunus  buergeriana 

do 

1921 

Prunus  crassipes 

do 

1921 

Prunus  donarium  sub  sp.  elegans  var.  glabra.. 
Prunus  domestica 

Plum 

Chinese  bush  cherry 

Japanese  apricot 

do 

do... 

do... 

do 

do 

1921 
1921 

Prunus  japonica. .  ..      ..      .  . 

1921 

Prunus  mume 

1921 

Prunus  mume  var.  microcarpa.     

1921 

Prunus  mume  var.  bungo     .     . 

do  -- 

1921 

Sorbus  japonica.  - 

do 

1921 

Prunus  communis 

Almond 

S  Ishiyama 

1922 

Prunus  davidiana . 

Chinese  wild  peach 

1928 

VARIETAL  SUSCEPTIBILITY 


The  different  varieties  of  peaches,  plums,  aj)ricots,  and  nectarines 
show  considerable  variation  in  their  susceptibility  to  the  attacks  of 
the  pathogene.  The  plums  show  the  greatest  variation,  according 
to  Rolfs  (33)^  who  prepared  a  comprehensive  study  of  this  phase  of 
the  disease.  The  European  and  American  varieties  exhibit  a  marked 
resistance  to  the  disease,  while  the  Japanese  varieties  are  extremely 
susceptible. 

In  Georgia  the  organism  frequently  kills  many  twigs  of  the  Jap- 
anese varieties  through  the  formation  of  girdling  cankers.  The 
orchard  map  in  Figure  2  illustrates  this  condition  in  a  plum  orchard 
at  Byron,  Ga.,  where  year  after  year  the  new  growth  was  severely 
affected  by  the  organism.  The  plum  was  an  unidentified  variety 
of  the  Japanese  group,  and  although  the  leaves  and  twigs  were  very 
susceptible  the  disease  was  never  observed  on  the  fruit.  The  be- 
havior of  the  disease  in  this  particular  orchard  was  observed  for 
four  years  and,  while  the  growth  of  the  trees  was  affected  seriously, 
very  few  succumbed  to  the  disease. 

A  plum,  also  of  the  Japanese  group,  observed  early  in  the  spring 
of  1929  near  De  Queen,  Ark.,  exhibited  almost  the  reverse  of  the 
condition  in  the  Georgia  orchard.  In  this  tree  the  fruit  was  very 
severely  attacked  (pi.  6,  C  and  D),  while  the  leaves  and  twigs  were 
only  mildly  affected. 

The  disease  has  been  observed  on  trees  of  all  the  commercial  varie- 
ties of  peaches  grown  in  Georgia.  The  fruit  of  early-maturing 
varieties  is  harvested  before  the  spots  have  time  to  develop  into  the 
large  cracks  and  fissures  so  characteristic  of  the  disease  on  the  El- 
berta  and  J.  H.  Hale  varieties,  but  typical  symptoms  appear  on  the 
leaves  and  occasionally  twig  cankers  have  been  observed.  The  fruit 
of  the  varieties  Elberta  and  J.  H.  Hale  is  most  severely  affected 
by  the  disease  in  practically  all  localities  in  Georgia.  These  two 
varieties  are  quite  susceptible  to  the  disease,  and  their  ripening  sea- 
son is  late  enough  so  that  there  is  ample  time  for  the  development  of 
advanced  symptoms  as  well  as  numerous  secondary  infections. 

The  writer  has  never  found  the  twig-canker  phase  of  the  disease 
to  be  very  abundant  in  the  commercial  orchards  of  Georgia,  Ten- 
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nessee,  North  Carolina,  South  Carolina,  Indiana,  and  Arkansas. 
In  fact,  as  will  be  brought  out  later,  true  cankers  are  exceedingly 
scarce  and  difficult  to  find. 

PATHOLOGICAL   HISTOLOGY 

Smith  (-^),  Lewis  {26)^  and  Rolfs  {33)  have  discussed  the  path- 
ological histology  of  the  disease  with  particular  reference  to  the 
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Figure  2. — Orchard  map  showing  the  extent  of  twig  killing 
due  to  the  formation  of  Bacterium  ptuni  cankers  in  a 
plum  orchard  at  Byron,  Ga.  The  survey  was  made 
September  4,  1924 

plum.  Adams  (3)  has  commented  on  the  histology  of  plum-twig 
cankers.  The  discussion  which  follows  will  concern  the  histology 
of  the  disease  on  the  peach. 

METHODS 

Material  was  killed,  embedded,  and  sectioned  in  the  usual  manner. 
Killing  solutions  in  which  the  reagents  were  dissolved  or  mixed  with 
large  quantities  of  water  were  avoided,  to  prevent  as  much  as  pos- 
sible the  washing  of  the  bacteria  from  the  tissues,    A  mixture  of 

73122'— 32 3 
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bichloride  of  mercury  (3  gms.)  and  glacial  acetic  acid  (3  ml.)  in 
70  per  cent  alcohol  (100  ml.)  was  found  to  be  very  satisfactory,  and 
bacterial  ooze  on  the  surface  of  the  fruit  remained  in  situ  through 
the  entire  process  of  killing,  embedding,  and  staining.  No  diffi- 
culties were  encountered  with  the  peach-leaf  material,  but  the  epi- 
dermal hairs  on  the  surface  of  the  fruit  made  it  difficult  to  prepare 
satisfactory  mounts  for  photomicrographs.  Fresh  material  of  the 
twig  cankers  was  cut  on  a  sliding  microtome.  Masses  of  bacteria 
were  observed  readily  in  unstained  material  mounted  directly  from 
the  knife,  but  generally  were  washed  out  during  the  staining  process, 
even  though  the  sections  were  transferred  from  the  knife  to  95  per 
cent  alcohol. 

Carbol  fuchsin  was  the  most  satisfactory  stain,  particularly  if  the 
excess  was  removed  with  alcohol  and  a  counter  stain  of  light  green 
or  orange  G  in  clove  oil  applied.  The  diseased  tissues  retained  the 
carbol  fuchsin  and  could  be  distinguished  readily  from  surrounding 
healthy  tissues.  Lee  and  Weller  {2Ji)  have  used  a  very  similar 
technic  with  satisfactory  results  in  their  studies  on  the  red-stripe 
disease  of  sugarcane.  Carbol  fuchsin  to  which  a  trace  of  gentian 
violet  had  been  added  was  also  used  in  the  study  of  the  leaf  tissues. 

;        LEAP    SPOTS 

A  microscopic  examination  of  sections  prepared  from  peach  leaves 
reveals  leaf-tissue  structure  of  the  normal  type.  The  upper  epi- 
dermal cells  are  large  and  rather  irregular  in  outline.  A  palisade 
parenchyma  is  clearly  distinguished,  consisting  regularly  of  two  or 
three  layers  of  elongate,  more  or  less  cylindrical  cells,  with  their 
long  axes  perpendicular  to  the  leaf  surface.  The  columnar  arrange- 
ment gradually  becomes  indistinct  below  the  second  layer  as  the 
cells  merge  with  the  cells  of  the  spongy  parenchyma.  The  latter 
consists  of  a  very  loosely  arranged  network  of  cells  generally  slightly 
longer  than  broad,  extending  between  the  lower  epidermis  and  the 
cells  of  the  third  layer  of  the  palisade  parenchyma. 

The  cells  of  the  lower  epidermis  as  a  rule  are  somewhat  smaller 
than  those  of  the  upper  epidermis.  The  important  feature  of  the 
lower  epidermis  is,  of  course,  the  presence  of  stomata. 

The  tissue  structure  changes  abruptly  when  the  veins  are  reached. 
If  the  vein  is  a  large  one  the  palisade  laj^er  and  the  spongy  paren- 
chyma are  completely  obliterated,  and  their  place  is  occupied  by  the 
vascular  units  surrounded  by  a  sheath  of  parenchyma  cells.  Those 
in  the  upper  portion  of  the  leaf^  replacing  the  palisade  cells,  are 
somewhat  larger  than  those  which  replace  the  spongy  parenchyma 
tissue.  There  is  a  gradation  from  the  condition  described  for  the 
large  veins  to  one  where  the  vascular  element  of  the  very  small  veins 
is  surrounded  with  a  single  sheath  of  small  parenchyma  cells,  and 
the  normal  structure  of  the  palisade  and  spongy  parenchyma  is 
hardly  disturbed.  A  very  common  condition,  however,  is  that  in 
which  the  spongy  parenchyma  is  obliterated  and  its  place  taken  by 
a  compact  mass  of  parenchyma  cells  while  the  palisade  parenchyma 
is  not  disturbed. 

In  the  discussion  of  the  symptoms  of  this  disease  on  the  leaves  it 
was  pointed  out  that  the"  first'  macroscopic  symptom  observed  is  the 
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presence  of  a  small  spot  in  which  the  green  color  of  the  leaf  has 
faded.  Sections  prepared  from  material  killed  and  fixed  at  this 
period  of  development  show  the  substomatal  chamber  and  the  cavities 
in  the  spongy  parenchyma  completely  filled  with  bacteria.  (PL  7, 
B  and  D.)  There  is  some  indication  that  the  cells  of  the  spongy 
parenchyma  have  been  pushed  apart,  but  this  action  is  not  pro- 
nounced. In  the  palisade  parenchyma,  however,  the  cells  are  clearly 
being  pushed  apart  by  long  wedge-shaped  masses  of  bacteria.  The 
cells  in  both  regions  are  only  slightly  plasmolyzed  and  are  just  begin- 
ning to  show  the  effects  of  the  presence  of  the  organism.  The  chloro- 
plasts  in  the  palisade  cells  apparently  are  affected  as  their  reaction 
to  stains  differs  from  that  of  the  chloroplasts  in  normal  cells.  This 
change  in  the  nature  of  the  chloroplasts  explains  the  early  macro- 
scopic symptoms  (i.  e.,  slightly  lighter  green  areas)  mentioned  above. 

In  slightly  older  spots  the  cells,  in  both  the  spongy  parenchyma 
and  the  palisade  parenchyma,  show  clearly  the  effects  of  the  presence 
of  the  organism.  The  contents  of  the  cells  have  become  disorganized, 
the  chloroplasts  have  practically  disappeared,  and  the  protoplasm 
has  pulled  away  from  the  cell  walls. 

At  this  stage  in  the  development  of  the  spot  the  cell  walls  are 
intact,  and  the  bacteria  are  entirely  intercellular.  The  pushing  apart 
of  the  cells  by  the  bacteria  causes  an  increase  in  thickness  of  the  leaf, 
as  indicated  in  Table  5,  which  is  a  series  of  measurements  of  the  dis- 
tance between  the  upper  and  lower  epidermis  in  healthy  and  diseased 
leaves. 


Table  5. — Increase  in  the  thickness  of  peach  leaves  as  the  result  of  the  presence 
of  Bactermm,  pruni  in  the  tissues 


Thickness  of 
normal  leaf 

Thickness 

of  invaded 

area 

Thickness  of 
normal  leaf 

Thickness 

of  invaded 

area 

Thickness  of 
normal  leaf 

Thickness 

of  invaded 

area 

Microns 
133.0 
138.7 
136.8 
131.1 

Microns 
150.0 
153.9 
152.0 
150.1 

Microns 
133.0 
138.7 
136.8 
131.1 

Microns 
148.2 
155.8 
148.2 
152.0 

Microns 
129.2 
133.0 

Av,  134.1 

Microns 
153.9 
150.1 

Av.  151.4 

It  is  interesting  to  consider  at  this  point  the  effect  of  the  bacteria 
on  the  tissues  and  how  they  bring  about  the  death  of  the  cells.  The 
most  obvious  effect  is  the  splittmg  apart  of  the  cells  through  the 
dissolution  of  the  middle  lamella.  This  action  postulates  the  isola- 
tion of  single  cells  and  prevents  the  interchange  of  food  materials — a 
thing  in  itself  that  a  priori  would  be  sufficient  cause  for  the  subse- 
quent disintegration  and  death  of  the  cells.  However,  before  this 
splitting  and  isolation  of  the  cells  takes  place  there  is  another  effect 
which  the  writer  feels  is  perhaps  the  primary  reason  for  the  death 
of  the  tissue,  particularly  in  the  spongy  parenchyma. 

In  the  healthy  tissues  these  cells  are  afforded  an  abundant  supply 
of  oxygen  and  water  vapor  through  the  connection  with  the  stomata. 
When  the  bacteria  invade  the  tissues  and  fill  the  large  intercellular 
cavities  the  supply  of  oxygen  is  cut  off,  or  at  least  very  materially 
reduced,  and  the  hypothesis  is  advanced  that  the  cells  are  actually 
killed  by  asphyxiation.   Kosen  {S5)  working  independently,  although 
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at  the  same  laboratory  as  the  writer,  recently  has  advanced  this  hy- 
pothesis in  connection  with  his  studies  of  the  fire-blight  organism.^^ 

Complete  disorganization  of  the  leaf  tissues  in  the  infected  region 
ensues  very  soon  after  the  bacteria  have  separated  the  individual 
cells.  The  cell  contents  become  completely  plasmolyzed,  the  cell  walls 
collapse,  and  some  of  the  walls  becoming  ruptured,  the  bacteria 
enter  the  cells.  Because  of  the  complete  collapse  of  the  tissues  (pi. 
7,  E),  the  infected  area,  instead  of  being  thicker  than  the  adjacent 
healthy  part  of  the  leaf,  now  becomes  thinner.  It  is  difficult  to 
prepare  sections  of  the  advanced  stages,  as  the  dead  tissues  crumple 
and  tear,  producing  very  unsatisfactory  results.  The  necrotic  areas, 
unless  they  fall  out  (shot-hole  effect)  are  invaded  by  saprophytic 
fungi,  and  the  pathological  picture  is  further  complicated  by  their 
presence. 

During  the  spring  and  early  summer  the  shot-hole  effect  in  the 
leaves  seems  to  be  due  to  a  passive  breaking  away  of  the  dead  tissue 
without  the  formation  of  a  special  separation  tissue  about  the  area 
killed  by  the  causal  organism.  It  has  been  pointed  out  that  the 
spread  of  the  organism  within  the  leaf  is  delimited  by  the  vascular 
units  of  the  small  veins,  and  the  points  of  separation  between  the 
dead  and  living  tissues  occur  adjacent  to  these  vascular  units. 

Duggar  {13^  p.  69)^  in  his  study  of  the  shot-hole  effect,  observed 
the  same  passive  breaking  away  of  the  dead  tissues.  He  described  the 
process  as  follows : 

I  anticipated  finding  some  unusual  cellular  development  along  the  line  of 
abscission,  but  free-hand  sections  of  various  stages  indicate  that  advantage  is 
taken  of  the  normal  leaf  development.  The  cells  which  make  up  the  minutest 
ramifications  of  the  veinlets  seem  to  afford  a  place  through  which  a  break 
most  readily  occurs  with  least  injury  to  delicate  parts  adjacent. 

Toward  the  end  of  the  growing  season  the  pathogene  occasionally 
does  not  invade  all  the  tissues  between  the  veins.  In  these  cases  the 
intercellular  spaces  in  the  uninvaded  spongy  parenchyma  are  com- 
pletely occluded  by  the  resumption  of  cell  division,  and  a  layer  of 
cork  cells  forms  a  barrier  between  the  dead  tissues  on  the  one  side 
and  the  healthy  tissues  on  the  other.  The  break,  which  frees  the 
dead  tissue,  occurs  at  the  cork  layer  which  is  left  as  a  protective  layer 
covering  the  healthy  tissues.  TJbe  meristimatic  activities,  which  pro- 
duce the  occlusion  of  the  intercellular  spaces,  stop  abruptly  when 
the  vascular  unit  of  a  vein  is  reached,  so  that  even  in  the  late  sum- 
mer the  activities  of  the  pathogene  still  are  delimited  by  the  small 
veins. 

Samuel  {S9)^  in  a  study  of  the  infection  of  almond  leaves  by 
ClasterosporiuTn  cofrpophitum  (Lev.)  Aderh.  in  South  Australia, 
observed  that  in  the  spring  and  early  summer  the  infections  were 
abscissed  practically  always,  but  that  in  the  latter  part  of  the  sum- 
mer abscission  may  not  occur.  Even  in  the  latter  case  he  found 
that  certain  cellular  changes  occurred,  involving  the  suberization 
and  lignification  of  the  cell  walls.  Apparently  he  did  not  encounter, 
to  any  extent  at  least,  the  passive  breaking  away  of  the  tissue  with 
the  utilization  of  the  vascular  units  and  the  cells  immediately  sur- 
rounding them  as  barriers  to  protect  the  healthy  tissues. 

^Bacillus  amylovorua  (Burr.)  Trev. 
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PI_ATE7 


A,  Cavity  formed  in  fruit  tissue  as  the  result  of  the  activities  of  Bacterium  pruni,  X  225;  B,  bacterial 
masses  present  in  the  substomatic  chamber,  X  500;  C,  bacterial  masses  in  the  intercellular  spaces 
of  peach  fruit  tissue,  X  500;  D,  bacterial  masses  visible  in  the  palisade  layer  and  the  cells  begin- 
ning to  collapse,  X  500;  E,  advance  stage  of  leaf  invasion  revealing  the  complete  disorganization 
of  the  tissue,  X  225 


BACTERIAL  SPOT  DISEASE   OP  THE  PEACH  21 


FBUIT  SPOTS 


A  radial  section  of  the  outer  portion  of  a  peach  fruit  reveals  a 
very  irregular  epidermis,  consisting  of  single  horizontally  elongated 
cells  and  cushions  of  several  small  cells  separated  at  unequal  intervals 
by  the  basal  portions  of  the  epidermal  hairs.  The  outer  margin  of 
the  epidermis  is  covered  with  a  moderately  thick  cuticle  which  dips 
up  and  down  following  the  irregular  contour  of  the  cells.  The  inner 
margin  is  rather  uniform,  the  bases  of  the  hairs,  the  bases  of  the 
elongated  cells,  and  the  lower  cells  of  the  cushions  in  the  main  being 
at  one  general  level. 

The  epidermal  structure  is  broken  at  irregular  intervals  by  the 
stomata  which,  in  the  varieties  studied  (Elberta,  J.  H.  Hale,  Car- 
man, and  Early  Kose),  occur  in  depressions  between  the  horizontally 
elongated  cells  or  between  the  cushions  of  small  cells. 

The  hypodermis  is  not  very  clearly  differentiated,  but  may  be  said 
to  extend  downward  6  to  10  cell  layers.  The  cells  directly  under 
the  epidermis  are  much  flattened,  but  the  succeeding  layers  become 
more  and  more  isodiametric  until  they  merge  with  the  large  paren- 
chyma cells  of  the  pulp  tissue.  This  fusion  of  the  two  tissue  systems 
is  very  gradual,  and  it  is  difficult  to  indicate  in  a  given  section  where 
one  ends  and  the  other  begins. 

Vascular  bundles  are  scattered  through  the  pulp  tissue,  but  they 
never  have  been  observed  in  that  portion  invaded  by  the  organism 
and  need  not  be  considered  in  this  discussion. 

The  writer  has  been  unable  to  produce  infections  by  spraying  or 
otherwise  inoculating  the  peach  fruit  w^ith  pure  cultures  of  the 
pathogene,  and,  therefore,  has  been  unable  to  observe  the  entrance  of 
the  bacteria  through  the  stomata  and  the  initial  stages  of  infection. 
The  earliest  stage  observed  is  that  in  which  masses  of  bacteria  are 
collected  in  the  intercellular  spaces  below  the  epidermis  in  the  vicin- 
ity of  the  stomata.  (PI.  7,  A,  C.)  The  hypodermal  cells  in  this  early 
stage  of  the  disease  are  not  visibly  affected;  however,  by  the  time 
the  bacteria  have  completely  surrounded  the  cells  the  protoplastic 
contents  may  be  seen  as  a  plasmolyzed  mass  at  one  side  of  the  cell. 
The  walls  soon  collapse  and  a  distinct  cavity  is  formed.  (PL  7,  A.) 
This  cavity  is  confined  to  the  hypodermis  and  may  extend  from  just 
beneath  the  epidermis  to  a  depth  of  8  or  10  cell  layers,  or  it  may  be 
shallow  and  involve  only  3  or  4  cell  layers. 

The  cells  of  the  epidermis  while  apparently  affected,  as  indicated 
by  a  change  in  staining  reaction,  do  not  collapse  but  remain  as  a  thin 
membrane  over  the  bacterial  cavity.  Eventually  the  epidermis  is 
ruptured  either  by  the  stretching  of  the  tissue  in  growth  or  by  the 
upward  pressure  of  the  mass  of  bacteria  which  then  exudes  through 
the  rupture.  The  writer  is  inclined  to  believe  the  latter  interpretation 
is  the  correct  one,  as  small  bits  of  epidermal  tissue  have  been 
observed  at  the  top  of  the  "  hornlike  "  mass  of  dried  bacteria  which 
has  oozed  from  the  cavity. 

The  epidermis  before  it  is  ruptured  probably  protects  the  bacteria 
from  desiccation  and  the  toxic  action  of  sunlight ;  after  it  is  ruptured 
the  period  of  active  cell  destruction  comes  to  an  end.  The  bacteria 
almost  completely  disappear  from  the  cavity  proper,  but  can  be 
detected  between  the  cells  forming  the  sides  of  the  cavity. 
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A  periderm  is  initiated  in  the  vicinity  of  the  cavity,  and  a  layer  of 
wound  cork,  starting  at  the  epidermis  on  one  side  and  passing 
diagonally  through  the  hypodermis  and  under  the  cavity  and  up 
to  the  epidermis  on  the  other  side,  surrounds  the  affected  region. 
This  layer  of  wound  cork  effectively  prevents  the  desiccation  of  the 
healthy  cells  below  the  cavity.  A  number  of  noninfected  cells  are 
present  in  the  occluded  region,  but  they  are  not  subsequently  attacked 
by  the  bacteria.  In  view  of  the  rapid  and  total  cell  destruction 
brought  about  in  forming  the  initial  cavity,  it  is  remarkable  that 
secondary  cavities  are  not  formed  in  the  noninfected  tissue  remaining 
in  the  occluded  region. 

When  the  bacteria  emerge  and  the  period  of  rapid  cell  destruction 
is  ended,  the  macroscopic  appearance  of  the  spot  is  merely  that  of 
a  slight  depression  in  the  surface  of  the  fruit  with  a  small  rupture 
in  the  epidermis.  The  roughened  surface  of  the  spots  and  the  ex- 
tensive cracking  that  frequently  develops  are  both  secondary  effects 
of  the  disease.  The  roughened  surface  occurs  in  part  because  the 
remnants  of  the  collapsed  hypodermal  cells  are  forced  to  the  surface 
with  the  increase  in  diameter  of  the  fruit,  and  the  cracking  because 
of  the  failure  of  the  cells  of  the  wound  cork  to  expand  at  a  rate 
commensurate  with  that  of  the  surrounding  tissue.  It  is  these  later 
stages  which  make  the  disease  of  such  economic  importance,  since 
the  appearance  of  the  fruit  is  so  strikingly  marred.  The  bacteria,  of 
course,  initiate  the  whole  train  of  events  by  killing  the  small  pocket 
of  tissue,  but  the  cracking  and  the  irregular  surface  are  aftermaths 
brought  about  by  the  subsequent  growth  of  the  host. 

TWIG    CANKERS 

The  study  of  the  histology  of  twig  cankers  has  been  hampered 
by  the  difficulties  involved  in  obtaining  authentic  material. 

A  cross  section  of  a  young  peach  twig  reveals  nothing  unusual  in 
the  type  of  stem  structure.  The  epidermis,  covered  by  the  cuticle, 
is  one  cell  thick  and  is  broken  at  intervals  by  the  stomata  which  are 
placed  below  the  general  level  of  the  epidermis.  The  tissue  beneath 
the  epidermis  consists  of  a  variable  number  of  layers  of  parenchyma 
cells,  loosely  arranged,  and  with  definite  intercellular  spaces  con- 
nected to  the  substomatal  chambers.  Embedded  in  the  parenchyma 
at  irregular  intervals  are  cells  containing  masses  presumably  of 
calcium  oxalate  crystals.  The  cortical  parenchyma  is  separated  irom 
the  vascular  tissue  by  a  band  of  contiguous  groups  of  thick-walled 
bast  fibers,  which  very  effectively  confines  the  activities  of  the  patho- 
gene  to  the  cortical  parenchyma ;  and  only  rarely  does  the  pathogene 
gain  entrance  to  the  phloem  region  by  destroying  the  parenchyma 
cells  between  the  groups  of  fibers. 

Although  actual  penetration  of  the  stomata  of  the  young  twigs  has 
not  been  observed,  masses  of  bacteria  have  been  seen  just  under  the 
stomata  in  such  a  position  that  their  path  of  entrance  is  clearly 
indicated. 

The  organism,  after  it  gains  entrance  to  the  twig  tissues,  occupies 
the  intercellular  spaces  in  the  parenchyma  tissue  just  below  the 
stomata.  The  walls  of  the  cells  in  the  invaded  region  become  thick- 
ened and  brown  in  color  and  many  of  the  cells  are  filled  with  a 
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brown,  gummy  substance.  Those  cells  collapse  in  which  the  walls 
are  not  actually  ruptured,  and  the  walls  are  pressed  together  as 
though  they  were  under  a  pressure  radially.  Bacteria  can  be  ob- 
served in  those  cells  where  the  walls  have  been  ruptured,  and  eventu- 
ally distinct  cavities  are  formed  in  the  tissues  by  the  breaking  down 
of  the  cells.  Whether  the  cavity  results  from  the  actual  destruction 
and  decomposition  of  the  cellular  material  by  the  bacteria  or  is 
merely  the  result  of  the  pressure  exerted  by  the  mass  of  multiplying 
bacteria  is  not  clear. 

The  bacterial  cavities  may  be  just  beneath  the  epidermis,  in 
which  case  the  structure  of  the  stem  is  not  seriously  disrupted. 
Often,  however,  the  cavities  are  formed  more  deeply  in  the  tissues, 
at  times  being  adjacent  to  the  ring  of  bast  fibers.  The  invaded 
region  is  soon  separated  from  the  healthy  tissue  of  the  stem  by  the 
initiation  of  a  wound  periderm  w^hich  extends  from  the  epidermis 
on  one  side  of  the  region  diagonally  through  the  cortical  parenchyma 
to  the  epidermis  on  the  other  side. 

Since  the  pathogene  is  confined  almost  without  exception  to  the 
cortical  parenchyma  and  the  vascular  system  is  scarcely  affected, 
it  is  easy  to  understand  why  wilting  and  killing  of  peach  twigs 
rarely  accompanies  the  formation  of  these  cankers.  In  the  plum 
the  situation  is  quite  different,  in  that  the  bacterial  cankers  occur 
not  only  in  the  cortical  parenchyma  but  also  in  the  region  of  the 
phloem,  thus  seriously  interfering  with  the  translocation  of  food 
materials.  A  possible  explanation  of  this  difference  in  behavior  may 
lie  in  the  fact  that  the  groups  of  bast  fibers  in  the  peach  twig  prac- 
tically are  in  contact  with  each  other,  while  in  the  plum  they  are 
separated  from  each  other  by  three  or  four  cells  parenchymatous  in 
nature,  affording,  through  the  increased  number  of  intercellular 
spaces,  a  means  of  entrance  to  the  vascular  cylinder. 

THE  PATHOGENE 

ORIGINAL  DESCRIPTION   OF  THE  ORGANISM 

The  original  description  of  the  organism  was  published  by  Smith 
(40)  in  1903  as  a  species  of  Pseudomonas,  and  is  reproduced  here  in 
full: 

The  organism  is  distinctly  yellow  and  grows  readily  in  ordinary  culture 
media,  bouillon,  milk,  potato,  agar,  etc.  It  was  easily  obtained  in  pure  culture 
from  small  spots.  In  agar-plate  cultures  it  looks  much  like  P.  campestris,  but 
is  readily  distinguished  by  its  feebler  growth  on  potato  and  by  its  behavior  in 
Uschinsky's  solution,  which  is  converted  by  it  from  a  limpid  fluid  to  one  as 
viscid  as  egg  albumen.  The  bacteria  are  small  to  medium  size  and  occur 
singly,  in  pairs,  or  short  chains.  They  are  motile  by  means  of  one  to  several 
polar  flagella.  The  thermal  death  point  is  approximately  51°  C.  Gelatin  is 
not  liquefied  rapidly.  Litmus  in  milk  is  reduced,  but  finally  returns  to  its 
former  color.  Casein  is  slowly  precipitated  and  finally  redissolved.  No  gas  is 
produced  from  any  medium. 

The  essential  characteristics  of  the  organism  are  mentioned  in  the 
above  description,  but  it  is  to  be  regretted  that  Smith  did  not  am- 
plify this  description  at  a  later  date.  However,  two  of  the  most 
important  characteristics,  i.  e.,  growth  on  Uschinsky's  solution  and 
failure  to  produce  ^as  on  any  medium,  are  given  in  this  description. 

Eolfs  (SS),  in  his  monograph  on  the  disease,  discussed  the  mor- 
phological and  cultural  characters  in  much  greater  detail.     With 
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the  exception  of  the  discussion  of  acid  production  on  carbohydrate 
media,  the  writer  agrees  with  Kolfs's  observations  on  the  behavior 
of  the  organism  in  culture.  Accordingly,  the  bacteriological  studies 
presented  in  the  following  pages  are  not  to  be  construed  as  criticisms 
of  the  earlier  work,  but  rather  as  confirmatory  evidence. 

SOURCES  OF  THE  CULTURES 

During  the  period  1925-1928  cultures  were  obtained  from  23  dif- 
ferent sources  and  grown  in  the  laboratory  on  various  media.  Seven 
of  these  cultures  were  obtained  from  Delaware  through  the  courtesy 
of  J.  F.  Adams,  and  one  culture  was  obtained  from  Erwin  F.  Smith. 
The  others  were  isolated  from  different  sources  by  the  writer. 
(Table  6.) 

Table  6. — Sources  of  Baoterium  pruni  cultures  used  in  the  hacterioloffical 

studies 


Isolation 

Date 

Sources  of  cultures 

Locality 

A-1 

Apr.  30,  1925 

Small  spot  on  Elbcrta  peach 

Barrons  Lane,  Qa. 

A-2 

May  4   1926 

(Jo                 .                          

Do. 

A-3 

May  19,  1926 

Necrotic  spot  on  peach  twig  (1926  wood) 

Do. 

A-4 

Apr  18  1927 

Do. 

Q 

June  4,  1926 

Small  spot  on  Elberta  peach 

Gay,  Qa. 

H 

May  26,  1926 

Hillsboro,  Ga. 

I.       .    -. 

June  20,  1928 

Spot  on  Elberta  peach 

LugofI,  S.  C. 

M 

May  3,  1926 

.  do             

Americus,  Qa. 

p 

May  4  1927 

Exudate  on  plum  leaf  spot                .  .         .  . 

Byron,  Ga. 

T 

May  14,  1926         .  . 

Talbotton,  Qa. 

W 

May  21   1927 

Spot  on  Woodland  Cling  peach 

Griffin,  Ga. 

ADL  . 

June  20,  1928- 

Leaf  spot  on  Prunus  davidiana 

Fort  Valley,  Ga. 

TC-1 

June  9,  1928.. 

June  18  1928 

Do. 

TC-2 

do 

Do. 

TC-3 

do 

do ... 

Do. 

MORPHOLOGY 

The  organism  is  a  short  rod,  with  rounded  ends,  usually  occurring 
singly,  although  occasionally  in  pairs.  Smears  from  young  infec- 
tions on  peaches  yielded  bacteria  measuring  O.Sfi  to  1.7/*  long  and 
from  0.2/1  to  0.8/a  wide.  The  majority  of  the  organisms  were  lAfi  to 
l.T/x  long  and  0.6/a  to  0.8/*  wide.  Smears  from  dextrose  agar  cultures 
yielded  bacteria  which  measured  0.8/*  to  1.0/*  long  and  0.2/*  to  0.4/* 
wide,  although  a  few  were  seen  that  were  as  large  as  those  present  in 
the  smears  made  from  the  fruit. 

Smith  (iO)  and  Eolfs  {S3)  found  the  organism  to  be  motile  by 
means  of  one  to  several  polar  flagella.  Motility  in  the  writer's  cul- 
tures has  been  observed  very  clearly  a  number  of  times  with  a  dark 
field  objective.  Flagella  have  been  demonstrated  by  the  Casares-Gil 
method  and  by  the  method  devised  by  Rosen.^-  The  writer  never 
has  observed  more  than  one  polar  flagellum  attached  to  an  organism 
in  any  of  his  preparations. 

No  spores  have  been  observed  on  any  of  the  smears.  Attempts  to 
demonstrate  the  presence  of  spores  by  the  chromic-acid-staining 
method  gave  negative  results. 

"  This  method,  although  unpublished,  was  used  through  the  courtesy  of  H.  R.  Rosen,  who 
demonstrated  the  procedure  to  the  writer. 
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Capsules  were  observed  in  cultures  9  days  old,  stained  according 
to  Moore's  technic. 

The  organism  is  stained  readily  with  aqueous  methylene  blue, 
Ziehl's  carbol  fuchsin,  and  saturated  alcoholic  gentian  violet. 

Kolfs  (-33)  considered  the  organism  to  be  Gram-negative  although 
the  results  in  many  of  his  tests  were  not  sharp  and  decisive.  The 
writer  tested  five  different  isolations  with  Hucker's  ammonium  oxa- 
late modification  and  in  all  cases  the  crystal  violet  was  completely  lost 
when  the  smears  were  flooded  with  95  per  cent  alcohol  or  acetone. 
According  to  these  results  the  organism  is  Gram-negative. 

CULTURAL   CHARACTERS 

DEXTROSE   AGAR    SLANTS 

On  dextrose  agar  (pH  6.4)  growth  was  visible  after  24  hours  as  a 
colorless  filiform  line  following  the  path  of  the  needle.  At  the  end 
of  three  days  the  bacterial  mass  had  started  to  spread  over  the  sur- 
face of  the  agar.  After  eight  days  the  growth  was  abundant,  smooth, 
light  cadmium  ^^  in  color,  broadly  filiform,  glistening,  translucent, 
and  convex  to  capitate.  No  odorVas  present  and  the  agar  was  not 
discolored.  When  viewed  through  transmitted  light  the  center  of 
the  culture  was  darker  than  the  margins.  The  bacterial  mass  had 
started  to  flow  to  the  base  of  the  slant  and  the  mass  was  streaked 
with  "  currents  "  or  bands  of  light  and  dark  color.  Growth  com- 
pletely covered  the  slant  in  28  days. 

DEXTROSE  AGAR  STABS 

In  stab  cultures  on  dextrose  agar  (pH  6.4)  growth  was  slower  in 
appearing  than  on  the  slants  of  the  same  agar.  After  three  days  it 
was  distinctly  visible  as  a  finely  beaded  line  following  the  path  of 
the  needle  halfway  to  the  base  of  the  tube.  A  small  circular  colony 
was  present  on  the  surface  at  the  point  of  inoculation.  After  eight 
days  the  growth  was  distinctly  echinulate  but  had  not  extended  to 
the  base  of  the  tube  along  the  path  of  the  needle.  At  the  end  of  28 
days  the  growth  was  still  echinulate,  the  agar  was  not  discolored,  and 
there  were  no  signs  of  liquefaction  of  the  medium.  The  agar  at  the 
surface  was  completely  covered,  and  the  organism  had  reached  the 
bottom  of  the  tube  along  the  path  of  the  needle. 

BBEF-ESTBACT    AGAR    SIANTS 

Growth  appeared  after  24  hours  on  beef-extract  agar  (pH  7.4) 
as  a  faint  colorless  line  following  the  path  of  the  needle.  After 
four  days  it  was  clearly  discernible  as  a  filiform  line  following  the 
path  of  the  needle  and  widening  at  the  base  of  the  slant  where  the 
bacterial  mass  was  slowly  collecting.  The  growth  was  rather 
scanty,  smooth,  empire  yellow  in  color,  slimy  to  viscid,  and  trans- 
lucent. No  odor  was  present,  and  the  agar  was  not  discolored.  The 
center  of  the  bacterial  mass  was  darker,  giving  the  mass  a  mottled 
appearance  when  viewed  by  transmitted  light. 

15  The  following  publication  was  used  as  the  basis  of  color  determinations  in  these 
studies :  Ridgway.  R.  color  standards  and  color  nomenclature.  43  p.,  illus.  Wash- 
ington, D.  C,  1912. 
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At  the  end  of  28  days  the  character  of  the  growth  had  changed 
very  little.  It  was  decidedly  viscid  and  light  cadmium  in  color  but 
had  not  spread  over  the  agar  to  any  extent.  The  bacterial  mass  did 
not  cover  the  surface  of  the  slant  at  the  end  of  40  days.  This  was 
markedly  different  from  the  growth  on  dextrose  agar,  where  the 
bacteria  had  covered  the  entire  surface  of  the  slant  in  28  days, 

BEEF-EXTRACT  AGAR  STABS 

In  stab  cultures  of  beef -extract  agar  (pH  7.4)  growth  was  slow 
in  appearing.  At  the  end  of  four  days  a  filiform  growth  followed 
the  path  of  the  needle  halfway  down  the  stab.  A  small  circular 
colony  was  present  on  the  surface  about  the  point  of  inoculation. 
Bacterial  growth  reached  the  bottom  of  the  tube  after  11  days,  and 
as  the  culture  aged  the  growth  became  echinulate  in  character.  No 
discoloration  or  liquefaction  of  the  agar  was  observed. 

BEEIF-EXTRACT    AGAR    PLATES 

Colonies  on  plates  of  beef-extract  agar  (pH  7.4)  were  just  visible 
after  48  hours  at  laboratory  temperatures  (24°  to  26°  C).  The 
colonies  were  white  in  color  with  a  faint  tinge  of  yellow.  When 
examined  under  a  binocular  microscope  the  surface  colonies  were 
slightly  raised,  circular  to  oval  in  shape  with  an  entire  margin  and 
finely  granular  internal  contents.  A  clear,  almost  colorless,  band 
surrounded  the  outer  margin  of  the  larger  colonies.  Buried  colonies 
were  spindle  or  discus  shaped. 

The  colonies  assumed  a  definite  yellow  color  at  the  end  of  three 
days.  At  the  end  of  14  days  the  colonies  on  the  surface  measured 
1.5  to  2  mm.  in  diameter.  They  w^ere  apricot  yellow  in  color,  circular 
to  oval  in  shape,  convex  in  elevation,  with  a  smooth  surface,  and  the 
internal  structure  was  finely  granular.  The  edges  of  the  colonies  were 
entire.  Buried  colonies  were  generally  less  than  1  mm.  in  diameter, 
apricot  yellow  in  color,  spindle  to  oval  in  shape,  and  generally  both 
buried  and  surface  colonies  were  translucent.  There  was  no  discolor- 
ation of  the  medium. 

BEEF-EXTEACT    BKOTH 

On  beef -extract  broth  (pH  6.9)  a  faint  clouding  of  the  medium 
was  visible  after  inoculation.  In  48  hours  the  clouding  was  marked 
throughout  the  medium,  and  there  was  a  faint  trace  of  surface 
growth  in  the  form  of  a  membrane.  By  the  end  of  the  ninth  day 
there  was  a  marked  surface  growth  which  settled  to  the  base  of  the 
tube  as  white  flocculent  sediment  when  the  tubes  Avere  agitated.  The 
broth  was  translucent  but  not  transparent,  and  no  odor  had  de- 
veloped. The  broth  was  changed  to  a  viscous  fluid  with  a  consistency 
much  like  egg  albumen  in  periods  varying  from  28  to  40  dsLjs  after 
inoculation. 

DEXTROSE    BROTH 

The  organism  produced  very  similar  reactions  in  dextrose  broth 
(beef -extract  broth  plus  1  per  cent  Bacto  dextrose).  This  medium 
was  also  converted  into  a  viscous  fluid. 


BACTERIAL   SPOT   DISEASE    OF   THE   PEACH  27 


POTATO    CYLIN 


Growth  was  fairly  abundant  after  two  days.  It  followed  the  path 
of  the  needle  over  the  slanted  surface  of  the  cylinder  and  was  wet, 
raised,  smooth,  glistening,  and  between  lemon  chrome  and  lemon 
yellow  in  color.  The  tissue  of  the  inoculated  potato  cylinders  was 
slightly  discolored  at  the  end  of  three  days.  At  the  end  of  five  days 
the  bacterial  mass  had  flowed  down  the  slanted  portion  of  the  cylin- 
der and  was  spreading  over  the  rest  of  it.  At  the  end  of  13  days  the 
growth  had  practically  covered  the  entire  cylinder.  At  the  end  of 
32  days  the  bacteria  had  spread  over  the  surface  of  the  cylindei-s 
forming  a  thin  film,  with  a  slight  metallic  luster.  The  iodine  test 
for  starch  was  as  strong  in  the  inoculated  as  in  the  noninoculated 
cylinders,  indicating  the  absence  of  any  diastatic  action. 


SODIUM    TAUBOCHOLATB   AGAR 


Sodium  taurocholate  agar  was  prepared  according  to  the  direc- 
tions of  Patel  (30)  with  the  exception  that  Bacto  peptone  was  sub- 
stituted for  Witte's  peptone.  Growth  was  visible  after  48  hours  at 
25°  C.  and  in  three  days  had  developed  almost  as  rapidly  as  on  dex- 
trose agar  inoculated  at  the  same  time.  At  the  end  of  30  days  there 
was  little  difference  between  the  growth  of  the  pathogene  on  sodium 
taurocholate  agar  and  on  dextrose  agar.  The  crystal  violet  in  the 
medium  was  decomposed  almost  completely.  Growth  on  sodium 
taurocholate  agar  was  more  vigorous  than  on  beef -extract  agar.  The 
growth  of  Ba4jteriu7n  pruni,  a  gram-negative  organism,  was  not  in- 
hibited by  the  crystal  violet  while  the  growth  of  a  gram-positive 
organism  {Staphylococcus  sp.)  used  for  comparison  was  completely 
inhibited. 

uschinsky's  solution 

A  faint  clouding  of  Uschinsky's  solution  was  present  after  four 
days.  No  ring  or  pellicle  formed  in  young  cultures,  but  as  the  culture 
increased  in  age  these  began  to  appear.  The  medium  became  translu- 
cent, and  a  yellowish  precipitate  collected  on  the  bottom  of  the  tubes. 
The  solution  was  not  viscous  at  the  end  of  25  days,  but  on  older 
cultures  (2%  months)  it  became  viscous  like  the  white  of  ^gg^. 

The  solution  used  in  these  experiments  had  the  following  formula : 

Grams 

Sodium  chloride,  NaCl 5.  0 

Calcium  chloride,  CaCh 0.10 

Magnesium  sulphate,  MgSO* .  30 

Dipotassium  phosphate,  K2HPO4 2.  0 

Ammonium   lactate,   NH4C3H5O3 6.0 

Sodium  asparaginate,  NaC4H703N2 3.  0 

Glycerin,   C3H5(OH)3 30.0 

All  the  ingredients  except  the  glycerin  were  dissolved  in  a  liter  of 
warm  distilled  water  and  then  the  glycerin  was  added.  The  solu- 
tion was  steamed  for  20  minutes  at  100°  C,  then  filtered  through 
paper,  tubed,  and  sterilized  10  minutes  at  110°  C. 

Variations  in  the  procedure  of  preparing  Uschinsky's  solution  have 
considerable  effect  on  the  resultant  solution,  and  the  above  procedure 
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was  strictly  adhered  to  after  first  trials.  In  preliminary  tests  a 
different  procedure  was  followed,  and  the  solution  would  not  support 
the  growth  of  the  organism. 

cohn's  solution 

Growth  on  Cohn's  solution  w^as  very  weak,  being  confined  to  a  very 
faint  clouding  of  the  liquid.    There  was  no  other  development. 

PHYSIOLOGY 

LIQUETACTION    OF   GELATIN 

Growth  was  vigorous  on  slants  of  Bacto  gelatin  (pH  6.5).  Lique- 
faction was  evident  along  the  path  of  the  needle  after  42  hours,  and 
by  the  end  of  5  days  a  narrow  trough-shaped  depression  had  de- 
veloped. Bacteria  were  carried  to  the  base  of  the  slant  with  the 
products  of  liquefaction,  and  as  the  culture  grew  older  the  slant  was 
completely  separated  from  the  gelatin  in  the  lower  portion  of  the  tube. 
Finally  all  the  material  originally  in  the  slanted  area  was  liquefied, 
and  the  bacteria  rested  as  a  yellowish  mass  (color  between  light  cad- 
mium and  lemon  chrome)  on  the  unslanted  portion  of  the  medium 
with  the  liquid  above  it.  The  process  of  liquefaction  continued, 
although  the  rate  diminished  as  the  volume  of  liquid  above  the 
bacterial  mass  increased. 

All  the  gelatin  was  liquefied  after  35  days  in  most  of  the  tubes. 
At  this  time  a  bacterial  mass,  apricot  yellow  in  color,  had  collected 
at  the  bottom  of  the  tube.  The  liquid  produced  by  the  action  of  the 
bacteria  on  the  gelatin  was  clear. 

In  stab  cultures  of  Bacto  gelatin  (pH  6.5)  growth  was  just  visible 
at  the  end  of  48  hours  and  was  very  evident  at  the  end  of  five  days. 
Liquefaction  had  commenced  in  the  upper  portion  but  was  not  evi- 
dent in  the  lower  half  of  the  tubes.  The  growth  was  first  napiform 
in  character,  although  no  liquefaction  was  evident  along  the  path 
of  the  needle  in  the  lower  portion  of  the  tube.  From  napiform 
the  growth  slowly  changed  to  infundibuliform,  and  finally  a  strati- 
form character  was  reached  in  all  tubes.  At  this  time  a  bacterial 
mass,  light  cadmium  to  lemon  chrome  in  color,  rested  on  the  still 
solid  gelatin  with  a  layer  of  clear  liquid  above  it.  The  process  of 
liquefaction  proceeded  slowly  with  the  rate  decreasing  as  the  layer 
of  liquid  increased.  At  the  end  of  35  days  one-half  of  the  gelatin 
had  been  liquefied,  and  the  bacterial  mass,  now  apricot  yellow,  rested 
on  the  solid  gelatin.  The  liquid  above  this  was  still  clear.  Growth 
stopped  at  this  stage,  due  probably  to  lack  of  sufficient  oxygen,  and 
no  further  liquefaction  was  observed  after  an  additional  12  days. 

EEACmONS    IN    MILK 

Bacto  dehydrated  milk  was  used  in  these  tests.  The  medium  was 
sterilized  on  three  successive  days  for  15  minutes  at  100°  C.  There 
was  slight  trace  of  clearing  (whey  formation)  in  the  tubes  48  hours 
after  inoculation.  In  four  days  there  was  a  cleared  zone  at  the  tops 
of  the  tubes  1  to  2  mm.  deep  in  all  the  tubes,  and  at  the  end  of  seven 
days  the  cleared  zone  was  5  to  10  mm.  deep.    A  curd  was  not  formed. 
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Joclidi  (22)  has  demonstrated  that  Bacteriwn  prwni  elaborated 
proteolytic  enzymes  when  grown  in  milk,  and  these  enzymes  prob- 
ably produce  an  immediate  dissolution  (peptonization)  of  the  casein 
and  prevent  the  formation  of  a  curd.  Jodidi  {'21)  also  found  that 
tyrosine,  leucine,  and  a  mixture  of  the  higher  fatty  acids  (myristic, 
palmitic,  and  stearic)  were  some  of  the  products  formed  by  the 
growth  of  Bad.  pruni  in  skim  milk.  These  materials  occur  as 
crystals  and  globular  aggregates  in  the  culture  media.  Reduction 
of  litmus  began  within  3  days  and  in  the  writer's  cultures  was  com- 
plete in  12  days.  In  some  of  Rolfs's  {S3)  cultures  the  litmus  was  not 
completely  reduced  at  the  end  of  45  days. 

AMMOXIA  PEODUCTION 

Strips  of  filter  paper  saturated  with  freshly  prepared  Nessler's 
solution  and  hung  over  9-day-old  beef -extract  broth  cultures  became 
slightly  brown  within  a  few  minutes  and  were  completely  browned 
in  18  hours,  denoting  the  production  of  ammonia. 

HYDROGEX    SULPHIDE    PRODUCTION 

Strips  of  filter  paper  saturated  with  lead  acetate  solution  did  not 
develop  black  color  when  hung  over  beef  extract  broth  cultures, 
indicating  that  hydrogen  sulphide  was  not  being  produced.  The 
tests  were  continued  for  18  hours  with  negative  results. 

EEDUCTTON   OF  NITRATES 

Cultures  on  Bacto  nitrate  agar  were  tested  on  the  first,  second, 
and  fourth  days  for  nitrate  reduction  with  sulphanilic  acid  and 
alpha-naphthylamine.  The  results  were  negative.  There  was  no 
indication  of  gas  formation  in  any  of  the  tubes.  Noninoculated 
tubes  also  were  tested  and  gave  negative  reactions. 

INDOL  PRODUCTION   FROM   TRYPTOPHANE  BROTH 

Cultures  on  Bacto  tryptophane  broth  (pH  6.6)  were  tested  at  the" 
end  of  14  and  28  days  with  both  the  vanillin  and  the  Ehrlich  test. 

The  vanillin  tests  gave  a  positive  reaction  in  practically  all  cases, 
but  the  results  from  the  Ehrlich  test  generally  were  inconclusive. 
Noninoculated  tubes  of  broth  when  tested  by  the  vanillin  method 
gave  negative  reaction  for  indol  but  positive  for  tryptophane. 

HYDROLYSIS   OF   STARCH 

Streak  cultures  on  plates  of  soluble  potato-starch  agar  (pH  6.4) 
were  flooded  with  a  saturated  solution  of  iodine  in  50  per  cent  alcohol. 
One  isolation  was  found  to  have  no  action  on  the  starch,  while 
another  isolation  showed  a  very  faint  halo,  indicating  that  the  starch 
was  being  acted  upon.     The  cultures  were  14  days  old  when  tested. 

EEa:*ATroN  to  free  oxyqein 

Dextrose-agar  shake  cultures  developed  a  yellow  layer  of  bacterial 
growth  at  the  top  of  the  agar.     No  colonies  were  visible  below  the 
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surface,  but  it  was  felt  that  the  turbidity  of  the  agar  might  mask 
any  small  colonies  present.  However,  if  such  colonies  were  present 
below  the  surface  of  the  agar  they  failed  to  develop  to  any  appreci- 
able size,  as  none  could  be  detected  in  the  tube  at  the  end  of  70  days. 
The  experiment  was  repeated,  using  nutrient  gelatin  to  avoid  the 
turbidity  of  agar,  and  the  results  were  the  same.  Growth  was- 
present  only  at  the  surface.  Since  the  organism  liquefies  gelatin,  the 
surface  layer  of  growth  was  soon  covered  with  the  products  of  this 
liquefaction.  The  liquefaction  continued  very  slowly  after  the  bac- 
terial layer  was  covered  with  liquid,  indicating  that  the  organism 
flourishes  best  when  it  has  access  to  free  oxygen. 

PRODUCTION  OF  HYDROXYL  IONS  FROM   PEPTONE  AND  BEEF  EXTRACT 

This  phenomenon  was  observed  in  the  course  of  some  experiments 
to  test  Rolfs's  (33)  statement  that  the  organism  breaks  down  carbo- 
hydrates and  produces  acid. 

The  experiments  involved  the  use  of  dehydrated  Bacto  Andrade 
indicator  agar,  a  commercial  product  of  the  following  composition: 

Bacto  beef  extract 3.  0  parts. 

Bacto  peptone 5.  0  parts. 

Sugar 10.  0  parts. 

Bacto  agar 12.0  parts. 

Andrade  indicator 0.  0275  part. 

Sodium  hydroxide,  NaOH q.  s. 

Thirty  grams  of  the  agar  powder  was  dissolved  in  1  liter  of 
distilled  water. 

The  following  sugars  were  tested:  Sucrose,  dextrose,  lactose, 
maltose,  and  mannite. 

The  fact  that  sugars  themselves  may  be  broken  down  by  hydrolysis, 
during  sterilization,  as  pointed  out  by  Wolf  (47),  was  disregarded 
in  these  preliminary  experiments,  since  any  pronounced  hydrolysis; 
and  acid  formation  would  be  revealed  by  the  change  in  color  of  the 
indicator  in  the  medium  and  could  be  taken  into  consideration  at  the 
beginning  of  the  experiment.  The  various  media  were  faintly  pink 
in  color  after  sterilization,  indicating  that  they  were  slightly  acid  in 
reaction.  Noninoculated  tubes  were  included  as  checks  with  each 
type  of  media. 

Growth  on  the  various  sugar  media  was  visible  24  hours  after 
inoculation.  In  the  case  of  the  sucrose,  dextrose,  and  maltose  media 
the  bacterial  mass  flowed  down  the  slant  and  collected  in  a  yellow 
viscid  mass  at  the  base.  Growth  was  not  so  abundant  on  the  lactose 
and  mannite  media;  the  bacterial  mass  was  confined  to  the  slant 
throughout  the  entire  experiment  and  did  not  collect  at  the  base. 

There  was  no  evidence  of  gas  production  in  any  of  the  media,  and 
the  color  of  the  indicator  did  not  change  from  the  faint  pink  to  red 
as  would  have  occurred  if  there  had  been  production  of  acid.  In 
fact,  at  the  end  of  the  experiment  the  inoculated  tubes  were  less  pink 
than  the  check  tubes,  indicating  that  instead  of  acid  production  there 
was  the  production  of  alkali  from  some  source. 

The  experiments  were  repeated  several  times,  always  with  the  same 
results.  The  amount  of  carbohydrate  was  increased  from  1  per  cent 
to  2  per  cent  and  finally  to  3  per  cent,  but  even  with  the  increased 
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amount  of  carbohydrate  available  there  was  no  evidence  of  acid 
production. 

Different  isolations  of  the  organism  were  used  in  the  tests,  includ- 
ing one  obtained  from  Erwin  F.  Smith.  The  pathogenicity  of 
all  the  isolations  had  been  established  by  inoculation  experiments, 
eliminating  any  doubt  that  the  true  organism  was  being  used. 

The  experiments  just  discussed  were  carried  out  in  soda-lime  glass 
test  tubes.  It  has  been  demonstrated  that  this  type  of  glass  is  a 
fruitful  source  of  alkali  ions,  and  a  portion  of  the  next  supply  of 
medium  prepared  was  tubed  in  pyrex  glass  test  tubes. 

The  initial  reaction  of  the  medium  in  the  pyrex  tubes  was  pH  6.6 
and  in  the  soda  lime  tubes  pH  6.8.  At  the  end  of  20  days  the  hydro- 
gen-ion concentration  of  the  inoculated  medium  and  the  noninoculated 
medium  in  both  types  of  glass  was  determined  colorimetrically. 

It  is  evident  from  these  results  (Table  7)  that  the  glassware  used 
was  responsible  for  very  little  of  the  pronounced  swing  to  the  alka- 
line range  of  the  scale.  This  experiment  also  definitely  confirmed 
the  previous  experiments  and  demonstrated  why  the  red  color  of  the 
acid  range  of  the  indicator  did  not  appear. 

Table  7. — The  effect  of  type  of  fflasstoare  on  the  hydrogen-ion  concervtratUyti  of 
lactose  medium  not  inoculated  and  inoculated  loith  Bacterium  pruni 


Type  of  glass 


Treatment  of  medium 


Initial 
reaction 


Reaction 
at  end  of 
20  days 


Pjrex 

Soda  lime. 


fNot  inoculated 

\Inoculated  with  Bact.  pruni 

fNot  inoculated 

(.Inoculated  with  Bact.  pruni 


pll 
6.6 
6.6 
6.8 
6.8 


pH 
7.1 

17.4-8.0 

6.9 

»  7. 6-8. 0 


The  upper  and  lower  limits  are  given.    In  both  cases  the  majority  of  cultures  were  pH  7.9  or  8.0. 


The  next  experiment  demonstrated  clearly  that  the  peptone  and 
beef  extract  were  the  source  of  the  hydroxyl  ions.  In  this  experi- 
ment the  organism  was  grown  in  solutioois  of  these  two  materials. 
Growth  was  vigorous  on  the  peptone  solution  but  was  scanty  on  the 
beef  extract  solution.  The  swing  of  the  reaction  to  the  alkaline  side 
is  clearly  demonstrated  in  Table  8. 

Table  8. — The  production   of   hydroxyl   ions   fronn  solutions   inoculated  with 

Bacterium  pruni 


Solution  and  cul- 

Isola- 
tion 

Hydrogen-ion  con- 
centration 

Solution  and  cul- 
ture No. 

Isola- 
tion 

Hydrogen-ion  con- 
centration 

ture  No. 

At 
start 

After  2 
days 

After  9 
days 

At 
start 

Aftor  2 
days 

After  9 
days 

From  peptone: 

3975 

3976 

A-1-... 
A-1--.. 
A-1..-. 

S-1 

S-1..... 
S-1 

6.2 
6.3 
6.6 
6.2 
6.1 
5.8 

6.6 
6.5 
6.6 
6.2 
6.3 
6.3 

7.8 

7.5 

7.5 

16.2 

7.8 

7.7 

From  beef  extract: 
3967 

396S-_ 

3969 

A-1-... 

A-1 

D-15.-. 
D-15-. 

S-1 

S-1 

Griffin. 
...do... 

6.1 
6.1 
6.0 
5.9 
6.1 
6.0 
5.9 
6.0 

6.1 
6.1 

""5.'9" 
"'5."9" 

7.6 
7.3 

3877 

"7, 

3978 

3970-    

3979 

3971 

(1) 
(0 
7  3 

3980 

3972 

3973 

3974 

(1) 

1  No  growth  in  these  tubes. 
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The  results  of  these  experiments  and  others  of  like  nature  demon- 
strate that  the  organism  attacks  peptone  and  beef  extract  Avith  the 
production  of  hydroxyl  ions.  Likewise,  the  experiments  demonstrate 
the  fallacy  of  using  solutions  containing  these  two  materials  as  a 
basal  solution  for  carbohydrate  fermentation  tests  with  Bacterium 
pnini. 

FEKMENTATION    OF   CABB0HYDRATE8 

Rolfs  {S3)^  as  mentioned  before,  stated  that  the  organism  broke 
down  certain  carbohydrates  with  the  production  of  acid. 

St.  John-Brooks,  Nain,  and  Rhodes  {38)  did  not  observe  acid 
production  by  Bacterium  prurd  on  carbohydrate  medium  in  their 
experiments. 

The  writer  has  shown  that  the  copious  production  of  hj^droxyl  ions 
from  peptone  and  beef  extract  masks  the  acid  production,  if  it  is 
present  at  all,  in  the  ordinary  media. 

The  ammonium  phosphate  medium  recommended  in  the  Manual  of 
Methods  of  the  Society  of  American  Bacteriologists  {id)  is  very 
satisfactory  for  the  demonstration  of  the  utilization  of  various  car- 
bohydrates by  Bacterium  pruni  and  the  resultant  production  of  acid. 
To  prevent  as  much  as  possible  the  hydrolysis  of  the  carbohydrates, 
the  material  to  be  tested  was  sterilized  separately  in  a  20  per  cent 
solution  at  10  pounds  pressure  for  10  minutes.  Wol'f  (^7)  has  dem- 
onstrated that  this  procedure  largely  eliminates  the  hydrolysis  of  the 
carbohydrates. 

The  reaction  of  the  ammonium  phosphate  medium  with  agar  added 
(1.5  per  cent)  was  brought  to  the  neutral  point  and  the  solution 
sterilized  at  15  pounds  pressure  for  15  minutes.  A  sufficient  quan- 
tity of  the  20  per  cent  carbohydrate  solution  was  added  to  the  cooled 
but  still  liquid  ammonium  phosphate  medium  to  make  a  2  per  cent 
carbohydrate  solution,  and  the  resultant  mixture  was  tubed  and 
slanted  under  aseptic  conditions  into  previously  sterilized  pyrex  test 
tubes.  One  milliliter  of  a  1.6  per  cent  alcoholic  solution  of  brom 
cresol  purple  was  added  to  each  liter  of  medium.  All  the  tubes  were 
incubated  for  a  period  of  48  hours  at  23°  to  26°  C.  before  inoculation, 
as  an  added  precaution  against  contamination. 

The  following  carbohydrates  were  tested: 

Monosaccharides 
Pentoses 

Arabinose 

Xylose 

Rhamnose 
Hexoses 

Dextrose 

Levulose 

Galactose 

Mannose 
Disaccharides 

Sucrose 

Lactose 

Maltose 
Trisaccharides 

Raffinose 

Melezitose 

In  testing  each  carbohydrate,  except  sucrose,  at  least  15  different 
isolations  of  the  organism  were  used,  and  noninoculated  tubes  of  the 
media  were  held  as  checks. 
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Bacterium  pnmi  grew  vigorously  on  the  monosaccharide  media 
but  made  very  poor  growth  on  the  disaccharide  and  trisaccharide 
media.  With  the  monosaccharide  media  best  growth  was  obtained 
on  the  four  hexoses,  and  a  somewhat  less  vigorous  growth  was  ob- 
tained on  the  three  pentoses.  The  cultures  on  all  these  carbohydrate 
media  were  kept  under  observation  for  21  days.  The  first  indica- 
tion of  acid  production  was  noted  in  three  to  five  days  after  inocula- 
tion. At  the  end  of  the  experiment  (after  21  days)  the  color  of 
the  indicator  was  yellow,  indicating  a  change  in  hydrogen-ion  con- 
centration from  7.0  ^*  to  pH  5.4  or  below.  Acid  production  was 
observed  with  all  the  materials  tested.  The  reaction  in  the  case 
of  rhamnose,  sucrose,  maltose,  lactose,  raffinose,  and  melezitose  was 
not  so  pronounced  as  with  arabinose,  xylose,  dextrose,  levulose, 
galactose,  and  mannose. 

No  signs  of  gas  production  were  detected  in  any  of  the  tubes 
throughout  the  experiment. 

ENZYME  PRODUCTION 

Rolfs  {33)  found  that  the  organism  attacks  pure  sucrose  and 
produces  invert  sugar.  The  writer  has  observed  the  same  phenom- 
enon in  his  carbohydrate  studies.  Cultures  of  ammonium  phos- 
phate medium  with  2  per  cent  Difco  sucrose  were  inoculated  with 
various  isolations  of  the  organism.  At  the  end  of  21  day  5  ml.  of 
the  solution  were  withdrawn  from  the  flasks  and  tested  with  freshly 
prepared  Fehling's  solution.  Every  culture  gave  a  positive  reaction 
for  invert  sugar,  while  the  noninoculated  medium  held  as  a  check 
gave  negative  results.  The  inversion  of  sucrose  indicates  the  presence 
of  the  enzyme  invertase. 

Jodidi  (^i,  22)  has  studied  the  chemistry  of  the  changes  occur- 
ring in  skim  milk  inoculated  with  Baoteriymi  pr*uni  and  has  demon- 
strated that  proteolytic  and  lipolytic  enzymes  are  present  among 
the  products  of  the  growth  of  the  organism  on  milk. 

EFFECT  OF   SUNLIGHT 

The  effect  of  sunlight  on  the  organism  was  determined  by  the 
standard  method  of  exposing  Petri  dishes  resting  on  cakes  of  ice 
to  sunlight  for  varying  periods.  Heavily  seeded  dextrose  agar  was 
used,  and  one-half  of  each  Petri  dish  was  shielded  from  the  sun's 
rays  by  covering  it  with  heavy  black  paper.  The  toxic  action  of 
the  sun's  rays  was  not  apparent  on  the  plates  exposed  for  five  min- 
utes in  any  of  the  tests.  The  results  on  the  plates  exposed  for  10 
minutes  were  somewhat  variable,  but  positive  effects  were  noted  in 
the  15,  20,  30,  and  45  minute  exposures.  The  number  of  colonies 
that  developed  in  the  exposed  portion  of  the  Petri  dish  gradually 
diminished  until  on  the  30-minute  exposure  growth  was  inhibited 
almost  completely  in  all  the  tests.  No  colonies  ever  developed  on 
the  exposed  portion  of  the  plates  subjected  to  action  of  the  sun  for 
45  minutes. 

"This  is  approximately  the  concentration  at  the  beginning  of  the  tests,  but  it  varied 
between  7.2  and  6.6  with  the  individual  batches  of  media. 
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RESISTANCE   TO   DESICCATION 


Drops  of  an  aqueous  suspension  of  the  organism  were  placed,  under 
aseptic  conditions,  on  sterile  cover  slips  in  sterile  Petri  dishes.  The 
Petri  dishes  containing  the  inoculated  cover  slips  were  placed  in  a 
light-tight  container.  At  fixed  intervals  one  cover  slip  was  removed 
with  a  sterile  forceps  and  dropped  in  a  tube  of  sterile  broth  and  the 
tube  placed  in  an  incubator.  If  the  broth  became  cloudy,  denoting 
bacterial  growth,  dilution  plates  were  poured  from  it  to  make  cer- 
tain that  the  cloudiness  was  due  to  the  growth  of  Bacteriwn<  prtcni 
and  not  some  contaminating  organism.  Using  this  technic,  the 
organism  was  recovered  from  cover  slips  that  had  been  dried  for 
2,  4,  5,  6,  7,  8,  9,  10,  and  13  days,  but  no  growth  occurred  from  cover 
slips  held  for  15,  18,  or  20  days.  The  dilution  plates  which  were 
poured  in  all  these  tests  made  possible  the  positive  identification  of 
Bact,  pnmi  as  the  cause  of  the  clouding  of  the  broth. 

LONGEVITT 

Cultures  on  beef-extract  agar  kept  at  laboratory  temperature 
(24°  to  26°  C.)  were  still  viable  after  90  days.  In  one  case  growth 
was  obtained  from  a  culture  146  days  old,  but  cultures  older  than  this 
failed  to  develop  when  placed  on  beef -extract  agar  slants. 

THERMAL  DEATH  POINT  AND  GENERAL  TEMPERATURE  REILATIONS 

The  thermal  death  point  of  the  organism  was  found  by  Smith  {^0) 
to  be  approximately  61°  C.  Eolfs  (SS)  found  in  his  preliminary  ex- 
periments that  it  ranged  between  49°  and  54°  C.  He  finally  con- 
cluded that  51°  C.  was  very  close  to  the  exact  figure,  since  growth 
occurred  several  times  in  cultures  held  at  that  temperature  for  10 
minutes  while  at  52°  C.  no  growth  was  obtained. 

The  organism  grows  most  vigorously  between  24°  and  28°  C,  the 
range  which  Kolfs  considered  the  optimum  temperature. 

The  color  of  the  colonies,  normally  yellow,  becomes  paler  as  the 
temperature  at  which  they  are  grown  is  increased.  The  room  tem- 
peratures in  the  Fort  Valley,  Ga.,  laboratory  were  regularly  high 
enough  during  the  summer  to  produce  this  effect,  which  also  could 
be  produced  at  will  during  the  winter  by  incubating  the  cultures  at 
temperatures  between  30°  to  35°  C. 

The  maximum  temperature  for  growth  was  found  by  Rolfs  (SS) 
to  be  37°  C.  A  definite  determination  of  the  minimum  temperature 
has  not  been  made. 

INDEtX   NUMBaER 

The  index  number  of  Ba\ctermm  pnmi  is  5020-3ll05-x222.  The 
reactions  indicated  in  this  number  are  grouped  according  to  the  de- 
scriptive chart  of  the  Society  of  American  Bacteriologists  of 
December  29,  1924. 

RELATION  TO  OTHER  ORGANISMS  CAUSING  ANALOGOUS  DISEASES 

The  mode  of  entrance  into  the  host  tissue  (i.  e.,  through  the  sto- 
mata)  and  the  resultant  symptoms,  particularly  on  the  leaves,  would 
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indicate  that  Bacterium  prvmi  might  show  relationship  with  certain 
other  phytopathogenic  organisms. 

Smith  {JfS)  in  1920  considered  that  the  members  of  the  "  yellow 
group,"  Bacterium  campestre^  Bact.  citH^  Bact.  phaseoU^  Bad.  jug- 
landis^  Bact.  irudvacea^imTii^  and  Bax)t.  translucens^^  were  more  or  les,s 
related  to  each  other.  In  fact,  he  felt  that  possibly  some  of  them 
were  identical,  for  he  stated :  "  Indeed,  some  of  these  names  are  per- 
haps synonymous,  but  this  can  be  settled  only  by  many  cross  inocu- 
lations and  much  further  study." 

The  problem  of  the  interrelationship  of  these  organisms  has  been 
attacked  in  recent  years  from  the  serological  standpoint.  St.  John- 
Brooks,  Nain,  and  Khodes  (38)  in  England  and  Link  (26^  27,  28) 
and  his  coworkers  in  this  country  have  subjected  many  of  these 
organisms,  including  Bacteriumi  pruni,  to  serological  tests. 

Briefly  stated,  the  serological  test  consistjS  in  treating  homogeneous 
suspensions  of  an  organism  with  its  specific  serum.  The  bacteria 
develop  flakelike  clumps,  i.  e.,  agglutinate  when  treated  with  the 
sera.  The  results,  to  be  reliable,  should  be  positive  even  when  the 
specific  serum  is  diluted  as  much  as  1  to  10,000. 

Cultures  of  the  organism  are  grown  on  standard  agar  for  varying 
periods  (48  hours  to  4  days).  Suspensions  are  made  of  the  organism 
in  saline  solution  (0.85  per  cent)  and  are  either  tested  for  a  known 
bacterial  count  or  brought  to  an  approximate  density  by  comparing 
with  one  another.  This  suspension  known  as  the  antigen  treated 
with  phenol  to  kill  the  organism  or  not  treated,  according  to  the 
desires  of  the  investigator,  is  then  injected  into  a  laboratory  animal, 
generally  a  rabbit,  at  varying  intervals  and  in  varying  amounts. 
Ten  days  after  the  last  injection  the  animal  is  bled  from  the  heart 
and  the  serum  is  prepared  by  removing  the  corpuscles  from  the 
blood.  This  serum,  which  is  stored  under  aseptic  conditions,  is 
termed  the  antiserum,  and  it  is  diluted  with  varying  amounts  of 
saline  solution  by  a  series  of  progressive  dilutions  resulting  in  a 
final  series  1  to  5, 1  to  10, 1  to  20,  and  so  on  up  to  1  to  10,  204  or  higher. 

Five  milliliters  of  the  diluted  antiserum  and  a  similar  quantity  of 
the  antigen  are  thoroughly  mixed  together,  incubated  for  1  hour  at 
37°  C,  and  then  placed  in  a  refrigerator  for  12  hours.  At  the  end  of 
this  period  readings  are  taken.  A  complete  clearing  of  the  tube 
means  strong  agglutination.  It  should  be  understood  that  there  are 
minor  variations  in  the  method,  but  this  is  a  general  outline  of  the 
procedure. 

Closely  related  organisms  are  frequently  agglutinated  in  the  low 
dilutions  by  antisera  other  than  their  own.  Link  and  Sharp  {27), 
for  example,  found  that  Boxiteriwn  phaseoli  and  Bact.  flaccuin- 
fobciens  were  agglutinated  by  the  antiserum  of  Bact.  campestre  in 
dilution  of  1  to  5,  1  to  10,  1  to  20,  but  Baet.  campestre  was  aggluti- 
nated by  its  own  antiserum  dilution  of  1  to  7,680. 

Bacterium  pruni  when  investigated  in  England  was  not  aggluti- 
nated by  the  antisera  of  other  members  of  the  yellow  group.  Similar 
results  are  reported  by  Link  and  Link  (26)  m  which  there  was  no 
agglutination  of  Bact.  pr^mi  antigen  even  in  dilutions  as  low  as  1 
to  10  when  tested  against  the  antisera  of  Bact.  campestre,  Bact. 
malvacearum,  Bact.  phaseoli,  Bojct.  phaseoli  sojense,  smooth  and 
rough  strains,  Bact,  flaccumfaciens^  Bact,  medicaginis  var.  phaseo- 
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Ucola^  and  Baot.  tumefaciens.  These  organisms  were  not  tested 
against  the  antiserum  of  Bact.  prvmi  by  Link  and  Link,  but  such  tests 
were  made  by  St.  John-Brooks,  Nain,  and  Khodes  {38)  and  Bact. 
primi  was  agglutinated  only  by  its  own  antiserum,  and  the  other 
organisms  investigated  were  not  agglutinated  by  the  antiserum  of 
Baot.  pruni.  These  results  in  the  light  of  present-day  interpretations 
of  serological  tests  lead  them  to  conclude  that  Ba<it.  pnmi  is  not 
serologically  related  to  the  other  members  of  the  yellow  group. 
Link,  Edgecombe,  and  Godkin  (28)  have  modified  this  conclusion 
as  the  result  of  further  studies  which  indicated  that  Bact.  pruni  is 
very  slightly  related  serologically  to  Bact.  ciccurhitae  and  Bact. 
tranducens  var.  undulosum. 

PATHOGENICITY 

The  pathogenicity  of  Bacterium  pruni  has  been  demonstrated  con- 
clusively by  Smith  {42,  U),  Lewis  {26),  Eorer  {31^),  and  Kolfs  {33). 
Smith  inoculated  an  isolation  from  plum  into  plum  and  peach; 
Rorer  used  an  isolation  from  peach  to  reinoculate  peach ;  Lewis  used 
an  isolation  from  plum  to  inoculate  peach  and  plum ;  and  Rolfs  used 
an  isolation  from  plUm  to  inoculate  plum,  peach,  apricot,  and  nec- 
tarine. Keisolations  from  these  four  hosts  were  used  the  following 
year  in  cross-inoculation  experiments,  which  were  successful. 

Smith  obtained  infections  on  the  leaves  and  young  plum  fruit 
simply  by  spraying  the  organism  suspended  in  water  on  the  leaves 
and  fruit  of  the  host  plant.  These  experiments  were  most  successful 
when  the  inoculation  was  made  during  a  rainstorm,  or  when  the  in- 
oculated plants  were  kept  moist  for  24  to  48  hours  after  inoculation. 
He  observed  that  under  field  conditions  the  number  of  leaf  spots  pro- 
duced by  spraying  the  leaves  with  aqueous  suspensions  of  the  organ- 
ism was  much  smaller  than  one  would  expect  considering  the  number 
of  organisms  used.  If,  however,  the  host  was  kept  in  a  saturated 
atmosphere  after  the  inoculation,  a  greater  number  of  spots  would 
appear.  Eorer,  who  used  the  same  technic  in  his  studies  of  the 
disease  on  the  peach,  observed  the  same  phenomenon,  i.  e.,  disparity 
of  number  of  leaf  spots  produced  as  compared  with  the  number  of 
organisms  used. 

Lewis  also  produced  spots  on  plum  leaves  simply  by  spraying  them 
with  a  suspension  of  the  organism,  and  also  found  that  a  few  cankers 
developed  on  the  twigs.  He  produced  cankers  on  plum  and  peach 
twigs  very  readily  by  puncturing  the  twigs  with  a  sterile  needle  and 
then  introducing  the  organism  into  the  puncture. 

Kolfs  inoculated  his  experimental  plants  by  spraying,  hy  rubbing 
the  parts  to  be  inoculated  between  the  fingers  moistened  with  a  sus- 
pension of  the  organism,  and  by  injecting  an  aqueous  suspension  of 
the  organism  into  the  tissues  with  a  hypodermic  syringe.  Successful 
results  were  obtained  with  all  three  procedures. 

In  Georgia  the  writer  experienced  difficulty  in  obtaining  infections 
by  spraying  aqueous  suspensions  of  the  pathogene  on  the  leaves  and 
twigs.  The  "  iceless  refrigerator  "  described  by  Hunt  {17)  was  used 
in  the  early  experiments,  but  even  this  device  under  Georgia  condi- 
tions did  not  keep  the  leaves  in  a  saturated  atmosphere  long  enough 
for  numerous  infections  to  develop.  A  few  leaf  spots  developed  when 
suspensions  of  the  organism  were  sprayed  on  peach  trees  during  light 
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rains.  Infections  of  peach  leaves  were  obtained  under  similar  condi- 
tions when  the  leaves  were  rubbed  between  the  fingers  previously- 
moistened  with  a  suspension  of  the  organism. 

Most  of  the  inoculations  were  performed  by  injecting  an  aqueous 
suspension  of  the  organism  into  the  twigs  (pi.  2,  B)  and  leaves  with  a 
hypodermic  syringe.  This  method  is  not  strictly  comparable  with  the 
method  in  which  natural  infections  take  place  (i.  e.,  through  the 
stomata),  but  by  actually  placing  the  bacteria  within  the  tissues,  the 
effect  of  environmental  conditions  upon  the  entrance  of  the  bacteria 
is  more  or  less  nullified.  This  is  a  feature  not  to  be  overlooked  when 
facilities  for  producing  favorable  enviromnental  conditions  are  want- 
ing. 

If  the  hypodermic  needle  is  drawn  gently  along  the  under  surface 
of  the  leaf,  it  is  possible  to  produce  a  series  of  punctures  which  do  not 
rupture  the  upper  epidermis.  Leaf  inoculations  of  this  type  give 
rise  to  a  series  of  coalesced  spots  following  the  path  of  the  needle. 
These  spots  are  similar,  except  for  their  lack  of  isolation,  to  those 
produced  by  spraying  the  organism  on  the  leaf. 

The  writer  has  tried  to  produce  infections  on  the  peach  fruit  a 
number  of  times  without  success.  The  failure  of  these  experiments, 
which  were  limited  in  number,  probably  is  due  to  the  hirsute  char- 
acter of  the  fruit,  which  makes  it  extremely  difficult  to  duplicate 
experimentally  the  conditions  under  which  natural  infections  take 
place. 

The  pathogene  was  reisolated  from  the  leaf  spots  and  twig  cankers, 
compared  in  culture  with  the  original  isolation  of  the  organism,  and 
subsequently  reinoculated  and  reisolated,  thus  fulfilling  Koch's  postu- 
lates. In  all  cases  the  symptoms  on  the  host  and  the  characters  in 
culture  were  the  same  as  "those  produced  by  the  original  culture  used 
in  the  primary  inoculations. 

OVERWINTERING 

The  survival  of  the  pathogene  from  one  season  to  another  is  gen- 
erally believed  toi  be  connected  intimately  with  the  presence  or  absence 
of  twig  cankers. 

Early  workers,  Heald  (H)^  Jackson  (20),  Lewis  (^<5),  and  Rorer 
(34),  all  reported  the  occurrence  of  twig  cankers  on  plum  and  peach, 
presumably  caused  by  the  activities  of  Bacteriit/m  pruni.  Appar- 
ently they  did  not  investigate  the  role  these  cankers  play  in  the  sea- 
sonal life  history  of  the  organism,  and  the  first  reference  to  the 
manner  in  which  the  organism  overwinters  is  to  be  found  in  Rolfs's 
monograph  (SS). 

Eolfs  considered  that  the  cankers  were  of  paramount  importance 
in  the  problem  of  overwintering  of  the  organism,  for  he  stated  (33, 
p.  413)  : 

Baoterium  pruni,  so  far  as  is  known,  passes  its  entire  life  cycle  in  nature 
within  the  tissue  of  the  host.  *  *  *  Cankers  on  the  twigs  and  limbs  are  the 
principal  sources  of  infection  in  the  spring.  Trees  bearing  twigs  on  which 
inoculations  result  in  the  development  of  well-formed  cankers,  are  invariably 
the  first  to  develop  leaf  spot  abundantly  the  following  year.  Young  trees  which 
suffer  severely  from  repeated  outbreaks  of  the  shot-hole  condition  usually  show 
many  twig  cankers.  Twig  cankers  are  also  constantly  associated  with  early- 
spring  outbreaks  on  older  trees.    ♦    *    * 
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These  statements  by  Rolfs  have  been  accepted  widely  by  plant 
pathologists,  although,  as  pointed  out  by  Anderson  (6) ,  he  does  not 
state  in  his  monograph  that  he  isolated  the  bacteria  from  over- 
wintered twig  cankers  resulting  from  natural  infections. 

Kuwatsuka  {^S)  in  1919  was  successful  in  isolating  the  organism 
from  an  overwintered  plum  canker,  and  Adams  (3)  reported  in  1926 
that  he  had  isolated  the  organism  from  overwintered  plum  cankers. 
Later,  Adams  (4)  reported  that  he  had  isolated  the  organism  from 
peach-twig  cankers  during  October  and  November,  1928,  and  Jan- 
uary, March,  and  May,  1929. 

Anderson  (^),  after  failing  in  several  hundred  attempts  to  obtain 
the  organism  from  cankers  on  dormant  peach  twigs,  searched  for 
other  sources  of  overwintered  inoculum.  He  succeeded  in  isolating 
the  organism  from  overwintered  leaf  spots  during  192^25  and  in 
subsequent  inoculation  experiments  demonstrated  that  the  isolations 
were  pathogenic.  As  a  result  of  these  studies  he  concluded  that  in 
Illinois  the  pathogene  passes  the  winter  in  the  fallen  leaves  rather 
than  in  twig  cankers. 

Adams  (2,  p.  SI)  has  commented  on  Anderson's  theory  in  so  far 
as  it  applied  to  the  behavior  of  the  disease  in  Delaware  orchards  as 
follows : 

Anderson  *  *  *  has  shown  that  bacteria  may  overwinter  in  the  dead 
leaves  of  the  peach  under  Illinois  conditions  but  advances  no  proof  as  to  the 
method  of  distribution  for  infection  in  the  spring.  The  rapid  disintegration 
along  with  our  early  and  frequent  cultivation  would  lend  little  support  to  this 
contention  under  our  conditions  but  must  be  entertained  as  a  possibility  until 
proved  otherwise.  While  Anderson  has  failed  to  isolate  bacteria  from  the 
cankers  no  proof  is  advanced  that  he  was  actually  working  with  typical 
cankers. 

In  justice  to  Anderson  it  should  be  stated  that  isolation  of  the 
organism  from  overwintered  leaves  is  a  distinct  contribution  to  our 
knowledge  of  the  seasonal  life  history  of  the  organism,  but  at  pres- 
ent there  is  no  proof  that  bacteria  from  these  leaves  initiate  infec- 
tions the  following  spring. 

Eolfs  (S3)  observed  that  the  bacteria  may  enter  the  tissues  of  the 
buds,  and  he  stated  that  infected  buds  are  often  responsible  for  out- 
breaks the  following  spring.  He  isolated  the  causal  organism  from 
the  center  of  11  buds  of  a  total  of  50  buds  collected  in  August  from 
peach  twigs  on  which  the  leaves  were  seriously  infected  by  the 
organism. 

Anderson  (6)  and  Adams  (1)  were  not  successful  in  their  attempts 
to  isolate  the  organism  from  overwintered  buds,  although  Adams 
felt  that  some  of  the  early  infections  in  Delaware  in  1925  were 
associated  with  diseased  buds. 

Working  in  Georgia,  the  writer  first  attempted  to  overwinter  the 
organism  in  cankers  produced  by  artificial  inoculations.  Rolfs  re- 
ported that  the  disease  invariably  appeared  on  the  leaves  about  such 
cankers  earlier  the  following  spring  than  it  did  elsewhere  in  his 
experimental  plots.  The  writer  produced  cankers  on  the  twigs  by 
artificial  inoculations  early  in  the  spring,  during  the  summer,  and 
in  the  fall  over  a  period  of  several  years,  but  no  infections  appeared 
on  the  leaves  about  these  cankers  the  following  spring. 

While  this  work  was  in  progress  a  series  of  observations  starting 
in  1925  were  made  in  an  orchard  near  Montezuma,  Ga.,  for  the 
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purpose  of  obtaining  further  information  on  the  overwintering  of 
the  pathogene.  This  orchard  had  suffered  severe  losses  from  Bac- 
teriumfi  pmni  every  year,  and  it  was  thought  that  a  detailed  examina- 
tion of  a  limited  number  of  trees  early  each  spring  might  shed  some 
light  on  the  problem.  Selection  was  made  at  random  of  a  block  of 
Elberta  trees  consisting  of  seven  adjacent  rows,  four  being  20  trees 
deep  and  three  10  trees  deep.  The  off  varieties  and  missing  trees 
brought  the  theoretical  total  of  110  trees  down  to  103. 

OBSEKVATIONS  IN   1925 

The  trees  were  examined  from  time  to  time  as  the  new  growth 
began  to  develop,  and  on  April  29,  1925,  the  presence  of  the  disease 
on  the  leaves  and  fruit  was  detected  in  distinct  regions  in  the  trees. 
By  examining  carefully  all  the  limbs  in  the  region  where  the  infec- 
tion appeared,  a  twig  canker  generally  could  be  located  in  this  part 
of  the  tree.  The  most  striking  feature  was  that  the  canker,  when 
once  located,  was  seen  to  be  at  the  apex  of  a  conical  region  of  infec- 
tion in  the  tree.  The  bacteria  had  been  washed  to  the  limbs  below 
and  produced  the  primary  infections  on  the  young  leaves  and  fruit. 
No  infected  fruit  or  leaves  were  found  above  the  canker.  These  cone- 
shaped  regions  below  cankers  have  been  reported  in  connection  with 
fire-blight  disease  of  apple  by  A.  N.  Brooks  {9)  and  the  bitter-rot 
disease  of  apples  by  a  number  of  investigators. 

Each  tree  in  the  block  was  examined  carefully  for  the  presence 
or  absence  of  cankers  associated  with  outbreaks  of  the  disease,  and 
the  results  of  this  survey  are  presented  in  Table  9. 

Table  9, — Results  of  a  survey  made  April  29,  1925,  shmoing  an  apparent  correla- 
tion of  outbreaks  of  the  bacterial-spot  disease  with  overwintered}  twig  cankers 

Items  of  comparison  ^^^^    ^^'^^^^- 


Trees  examined - — 

Bacterial-spot  infections  observed 

Bacterial-spot  infections  associated  with  twig  cankers  observed 

Bacterial-spot  infections  apparently  not  associated  with  twig  cankers  observed 

Bacterial -spot  infections  a.ssociatcd  with  twig  cankers ,... 72 

These  regions  of  infection  were  found  on  various  sides  of  the  trees. 
In  general  there  was  only  one  region  in  each  tree. 

Unfortunately,  attempts  to  isolate  the  organism  from  these  cankers 
were  unsuccessful,  and  this  much-needed  evidence  to  complete  the 
proof  of  their  identity  could  not  be  obtained.  Nevertheless,  the 
subsequent  behavior  of  the  disease  during  the  season,  which  was  a 
dry  one,  clearly  indicated  that  the  original  inoculum  had  come  from 
the  cankers,  and  they  were  considered  overwintered  cankers  even 
though  definite  proof  through  isolations  of  the  pathogene  was 
lacking. 

Observations  made  at  harvest  time  showed  that  the  infected  leaves 
and  fruit  were  still  in  definitely  delimited  regions.  The  dry  weather 
had  practically  checked  further  spread  of  the  pathogene.  This 
localization  of  the  diseased  region  was  so  marked  that  unskilled 
laborers,  who  were  assisting  in  the  harvesting  of  the  fruit  and  who 
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had  no  conception  of  the  disease  whatsoever,  remarked  upon  the  fact. 
The  trees  accordingly  presented  throughout  the  season  excellent 
examples  of  drip  infection  from  overwintered  sources  of  inoculum. 

It  should  be  pointed  out  that  these  cankers  were  not  located  until 
the  infections  appeared  on  the  leaves  and  fruit.  These  infections, 
if  found  early  enough — i.  e.,  before  there  is  any  secondary  spread  of 
the  disease — indicate  the  portion  of  the  tree  that  should  be  examined 
intensively  for  the  original  source  of  infection.  Without  this  the 
task  of  finding  the  cankers  resolves  itself  into  a  discouraging  and 
time-consuming  examination  of  every  twig  and  branch  on  the  tree, 
and  their  scarcity  makes  it  seem  very  improbable  that  they  could  be 
located  in  the  dormant  season. 

In  addition  it  is  quite  possible  that  the  cankers  which  survive  the 
winter  are  not  conspicuous  until  the  bacteria  emerge  in  the  spring. 
At  any  rate  the  writer  has  spent  days  searching  for  them  in  the 
dormant  season  without  success,  only  to  find  them  with  comparative 
ease  after  the  first  leaf  and  fruit  infections  appeared, 

OBSERVATIONS   IN    1926 

The  early  spring  temperatures  were  lower  in  1926  than  in  1925, 
and  the  first  survey  of  the  selected  block  of  trees  was  not  made  until 
May  3,  four  days  later  than  the  date  of  the  observations  made  in 
1925,  because  it  was  thought  the  development  of  the  disease  would  be 
retarded  by  the  lower  temperatures.  This  assumption  was  found  to 
be  incorrect.  The  disease  had  progressed  beyond  the  localized  drip- 
infection  stage  and  had  spread  to  all  sides  of  Ithe  trees.  Twig  cankers 
could  not  be  found,  but  this  was  not  surprising  because  without  the 
localized  drip  infections  to  act  as  guides  it  is  practicallv  a  hopeless 
task,  as  explained  before.  There  had  been  a  number  oi  rainy  days 
with  high  winds,  and  the  bacteria,  as  they  oozed  from  the  cankers, 
apparently  were  blown  throughout  the  trees. 

As  a  result  of  searches  made  during  the  balance  of  the  1926 
season  a  few  cankers  on  the  1926  wood  were  found  early  in  the  season 
and  the  organism  isolated  from  them.  Subsequent  inoculation  ex- 
periments demonstrated  the  pathogenicity  of  these  isolations  and 
their  identity  with  Bacteriwn  frvmn. 

Since  no  cankers  were  found  at  the  end  of  the  season  after  the 
leaves  had  fallen,  no  information  was  gained  concerning  the  macro- 
scopic appearance  of  the  cankers  at  the  beginning  of  winter. 

OBSERVATIONS    IN   1927 

The  block  of  Elberta  trees  that  had  been  under  observation  for 
the  two  preceding  years  was  examined  carefully  in  February  and 
52  necrotic  areas  which  were  thought  to  be  bacterial-spot  cankers 
were  marked  with  tags  in  an  attempt  to  see  if  cankers  could  be 
located  in  advance  of  the  appearance  of  the  disease  on  the  leaves 
and  fruit.  The  results  were  negative,  since  it  was  impossible  to 
correlate  the  outbreak  of  the  disease  with  the  presence  of  the  alleged 
cankers. 

The  block  was  examined  on  April  12  and  the  development  of  the  dis- 
ease was  found  to  be  at  a  stage  midway  between  that  reached  on  the 
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date  of  the  first  observation  in  1925  and  that  of  the  first  observation  in 
1926.  In  most  trees  the  disease  had  spread  through  the  tree  and 
no  cankers  could  be  found,  but  occasionally  a  tree  would  be  observed 
with  a  cone-shaped  region  of  infected  leaves  and  fruit  with  a  canker 
at  the  apex.  These  cases  were  not  so  clear-cut  as  the  1925  observa- 
tions. Similar  drip  infections  associated  with  twig  cankers  were  ob- 
served in  several  other  orchards  at  this  time.  Attempts  to  culture 
the  organism  from  these  cankers  again  resulted  in  failure. 

Cankers  on  peach  and  plum  twigs,  which  resembled  closely  those 
produced  in  the  inoculation  experiments,  were  collected  late  in  the 
fall  (November) ,  and  efforts  were  made  to  isolate  the  organism  from 
them.  No  cultures  of  BacteHv/m  pruni  were  secured  from  any  of 
the  cankers,  but  in  the  case  of  the  peach  the  negative  results  may 
indicate  only  that  the  cankers  used  were  not  true  bacterial-spot 
cankers.  The  cankers  on  the  plum  twigs,  however,  were  considered 
true  bacterial-spot  cankers. 

OBSERVATIONS  IN  1928 

In  1928  the  work  was  transferred  from  the  orchard  near  Monte- 
zuma, Ga.,  to  orchards  in  the  vicinity  of  Fort  Valley,  Ga.,  as  many 
trees  in  the  original  block  under  observation  near  Montezuma  had 
died  from  winter  injury,  or  were  removed  because  of  the  phony  dis- 
ease.'°  This  high  mortality  made  the  block  no  longer  suitable  for 
other  studies  of  the  disease  which  were  being  made  concurrently  with 
the  search  for  cankers  in  which  the  pathogene  passed  the  winter. 

The  observations  in  1925  and  1927  favored  the  theory  that  the 
organism  overwintered  in  the  twig  cankers,  but  definite  proof  in  the 
form  of  cultures  from  these  cankers  was  lacking.  The  work  in  1928 
was,  therefore,  centered  about  the  isolation  of  the  organism  from 
overwintering  cankers.  Early  in  May  young  spots  were  observed  on 
the  leaves,  and  by  searching  carefully  in  the  immediate  vicinity  of 
those  leaves  a  canker  generally  was  located  on  an  adjacent  twig.  All 
suspicious  looking  cankers  were  brought  to  the  laboratory,  and 
attempts  were  made  to  isolate  the  organism  from  them,  using  the 
following  technic: 

Previously  cleaned  glass  slides  were  dipped  in  95  per  cent  alcohol  and  the 
adhering  alcohol  ignited.  While  still  hot  a  previously  flamed  glass  cell  was 
placed  on  the  slide.  When  the  slide  was  cool  the  cell  was  lifted  for  a  moment, 
and  a  drop  of  sterile  tap  water  was  placed  in  the  center  of  the  area  covered  by 
the  cell,  which  was  then  replaced. 

The  epidermis  of  the  canker  was  cut  away  vdth  a  sharp,  sterile  scalpel,  and 
small  fragments  of  the  cortical  tissue  were  removed  aseptically  and  placed  in 
the  drop  of  sterile  water.  The  tissue  fragments  were  left  in  the  drop  of  water 
for  a  few  minutes,  and  then  the  cell  was  removed  for  an  instant  and  the  drop 
examined  under  a  binocular  microscope.  If  masses  of  bacteria  had  oozed  out 
into  the  water,  the  fragment  was  removed  from  the  drop  with  a  sterile  needle 
and  the  cell  again  placed  over  the  drop.  Plates  of  dextrose  agar  prepared  in 
advance  and  allowed  to  solidify  were  placed  on  the  stage  of  the  binocular 
microscope.  The  cell  was  lifted  up  and  portions  of  the  drop  removed  with  small 
sterile  platinum  loops  were  streaked  across  the  surface  of  the  solid  agar.    Bac- 

1°  An  infectious  disease  of  unknown  cause,  in  which  the  affected  tree  develops  shortened 
internodes,  many  lateral  twigs,  and  large,  flattened,  dark-green  leaves,  giving  the  appear- 
ance of  compact,  dense  growth  with  very  healthy  foliage.  Each  year  there  is  a  notable 
and  progressive  decrease  in  the  average  size  and  yield  of  fruit,  which  is  likely  to  be 
distinctly  poorer  in  flavor  than  normal  fruit,  though  slightly  better  in  color.  Eventually 
the  infected  trees  fail  to  produce  any  commercial  crop. — Hutchins  {18). 
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terial  growth  generally  appeared  within  24  to  48  hours,  and  the  pathogenicity 
of  those  colonies  whidi  resembled  Bactermm  pruni  was  tested  by  inocdilation 
experiments. 

The  writer  holds  no  particular  brief  for  this  technic  other  than 
that  it  makes  possible  the  elimination  at  the  start  of  all  those  cankers 
which  do  not  yield  bacteria  of  some  sort,  whether  Bacterium  prtmi  or 
merely  secondary  organisms  in  the  dead  tissues.  In  experiment  No. 
7  the  organism  was  isolated  from  two  cankers  using  the  usual 
technic  of  poured  plates. 

Thirty  cankers  were  examined  during  the  period  May  11  to  June  14, 
and  the  organism,  as  demonstrated  by  subsequent  inoculation  experi- 
ments, was  secured  from  six  of  them. 

A  summary  of  these  experiments  is  presented  in  Table  10,  and  the 
following  notes  briefly  describe  those  cankers  from  which  the 
organism  was  isolated: 

Exp^iment  No.  1. — ^This  was  not  a  definite  canker  but  merely  a  necrotic  spot 
about  a  bud  on  1927  wood.  The  organism  was  isolated  from  the  tissues  just 
beneath  the  epidermis. 

Experiment  No.  2. — {a)  In  this  case  the  twig  was  swollen  and  cracked  by  a 
canker  extending  from  the  third  to  the  fourth  node  below  the  apex  of  the  1927 
wood.    The  organism  was  isolated  from  the  inner  tissues. 

(&)  The  terminal  of  the  1927  growth  in  this  twig  was  blackened  and  dead. 
Bacteria  were  not  found  just  beneath  the  epidermis,  but  were  present  deeper 
in  the  cortical  tissue. 

Experiment  No.  6. — ^The  canker  on  this  twig  began  just  below  the  apex  of  the 
1927  growth  and  extended  downward  a  distance  of  10  cm.,  involving  five  nodes. 
Longitudinal  slits  were  present  on  all  sides  of  the  twig  and  there  was  some 
evidence  of  callus  formation  just  below  the  epidermis.  The  affected  area  was 
sunken,  and  was  brown  to  purplish  brown  in  color.  Bacteria  were  not  found 
just  under  the  epidermis  but  in  several  pockets  deeper  in  the  cortex. 

Experiment  No.  7. — (a)  The  outer  surface  of  the  twig  was  fissured  and 
cracked  by  a  canker  4.5  cm.  long,  beginning  at  the  fifth  node  below  the  apex  of 
the  1927  growth.    The  organism  was  secured  from  the  inner  cortical  tissues. 

(&)  The  canker  was  4.5  cm.  long  and  extended  downward  from  the  ninth 
node  below  the  apex  of  the  1927  growth.  Fissures  or  cracks  were  absent  in 
this  canker,  and  the  bacteria  were  found  just  beneath  the  epidermis.  Frag- 
ments from  both  cankers  of  experiment  No.  7,  as  mentioned  before,  were 
dropped  in  tubes  of  sterile  dextrose  broth  and  dilution  plates  poured. 


Table  10. 


-Simmiary  of  the  'bcDcterial-spot  twig  canker  isolation  experiments 
in  1928 


Experiment 
No. 

Date 

Number  of 

cankers 

used 

Number  of 

cankers 

from  which 

Bacterium 

pruni  was 

obtained 

Experiment 
No. 

Date 

Number  of 

cankers 

used 

Number  of 

cankers 

from  which 

Bacterium 

pruni  was 

obtained 

1.. 

May  n 
May  14 
May  22 
May  28 

1 
6 
4 
2 

1 
2 
0 
0 

5 

May  31 
Juno     1 
June  14 

1 
7 
10 

0 

2 

6 

3 

7        

2 

Total 

30 

6 

These  studies  conducted  during  the  years  1925  to  1928  indicate 
that  twig  cankers  are  the  source  of  the  overwintered  inoculum  in 
Georgia.  Higgins  (16)  also  believes  that  the  twig  cankers  are  the 
most  important  source  of  spring  infections  in  Georgia. 

Although  no  infection  cones  were  observed  in  1926  and  the  patho- 
gene  might  have  been  distributed  by  the  wind,  the  writer  is  of  the 
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opinion  that  the  initial  observations  were  not  made  early  enough 
to  observe  the  infection  cones.  The  disease  appeared  earlier  than 
normal,  with  conditions,  including  several  rainstorms  accompanied 
by  high  winds,  favoring  a  rapid  spread.  Under  these  conditions  the 
infection  cones  are  soon  obliterated  and  the  disease  is  distributed 
generally  throughout  the  tree. 

These  studies  also  indicate  that  it  is  not  necessary  for  many 
cankers  to  survive  the  winter  to  insure  the  perpetuation  of  the  dis- 
ease from  year  to  year.  In  the  spring  of  1925  there  was  generally 
but  one  canker  to  a  tree,  and  a  number  of  trees  were  without  cankers. 
The  same  condition  was  observed  in  1927,  while  in  the  spring  of  1928 
as  many  as  five  cankers  were  observed  in  a  tree. 

The  cankers  on  peach  twigs  seem  to  be  more  prevalent  in  Dela- 
ware than  in  Georgia,  according  to  the  recent  observations  of  Adams 
(i).  In  September,  1928,  he  examined  three  Elberta  orchards  in 
Delaware  for  twig  cankers — "  *  *  *  i\^2d>  were  conspicuous  to  the 
eye  on  the  new  growth  up  to  a  height  of  five  feet  from  the  gi*ound." 
On  trees  that  had  been  severely  affected  by  the  disease  for  three  years 
he  found  an  average  of  35  cankers  in  the  area  examined  on  each  tree. 
On  trees  that  were  affected  seriously  for  the  first  time  in  1928  he 
found  an  average  of  10  cankers  to  each  tree. 

Adams  did  not  state  how  many  of  these  cankers  survived  the 
winter  and  initiated  infection  the  following  spring,  so  his  observa- 
tions, unfortunately,  can  not  be  compared  with  those  made  by  the 
writer. 

DISSEMINATION   OF   BACTERIUM  PRUNI 

The  area  included  in  the  infection  cones  generally  is  too  exten- 
sive to  be  accounted  for  by  a  mere  passive  oozing  and  dripping  of 
the  bacteria  from  the  overwintered  sources.  Field  observations  indi- 
cate that  the  inoculum  causing  the  primary  infections  is  spread  by 
raindrops  striking  the  bacterial  ooze  and  rebounding  from  the  twigs 
in  scattered  bacteria-charged  droplets. 

Secondary  infections  can  be  established  by  the  splash  from  rain- 
drops rebounding  from  fruit  and  possibly  leaf  spots  oozing  bac- 
teria. The  exudate  is  generally  on  the  lower  side  of  the  leaf,  how- 
ever, and  the  chances  here  for  this  type  of  dissemination  do  not  seem 
to  be  so  great  as  in  the  case  of  the  fruit  spots. 

The  writer  feels  that  dew  is  of  primary  importance  in  the  dis- 
semination of  the  bacteria  which  exude  from  the  leaf  spots.  Fre- 
quently a  leaf  is  observed  on  which  there  is  a  series  of  spots  almost 
in  a  straight  line  down  the  blade.  This  condition  is  probably  the 
result  of  a  drop  of  dew  charged  with  bacteria  running  down  the 
leaf. 

Wind  as  well  as  rain  must  be  considered  an  important  agent  in  the 
spread  of  the  pathogene.  Drops  of  rain  and  dew  charged  with  bac- 
teria can  be  blown  from  one  portion  of  the  tree  to  another  or  even 
to  an  adjacent  tree.  The  effectiveness  of  the  wind  is  in  direct  propor- 
tion to  its  velocity,  since  the  higher  the  velocity  the  greater  distance 
the  drop  may  be  carried.  The  drop  will  also  break  into  a  greater 
number  of  droplets  when  it  is  being  carried  by  a  wind  of  high  ve- 
locity.    During  dry  weather  the  wind  is  probably  a  minor  agent 
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in  the  spread  of  the  disease,  as  the  other  conditions  are  not  favorable 
for  infection. 

Kolfs  (33)  felt  that  insects  played  a  role  in  the  dissemination  of 
the  organism.  The  possibility  of  this  is  not  denied,  but  the  writer 
has  seen  no  evidence  of  insect  transmission  in  his  studies  of  the 
disease. 

Turning  now  from  this  rather  speculative  discussion  of  the  agen- 
cies concerned  in  the  dissemination  of  the  disease,  some  observations 
on  the  actual  spread  of  the  disease  will  be  presented. 

Mention  has  been  made  of  the  detailed  surveys  that  were  made 
for  a  number  of  years  in  a  block  of  Elberta  trees  at  Montezuma, 
Ga.  The  results  obtained  in  1926,  a  season  very  favorable  to  the 
spread  of  the  disease,  are  presented  in  Table  11,  and  a  graphic  dem- 
onstration of  the  spread  is  shown  in  Figure  3. 
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Figure  3. — Orchard  diagram  showing  the  spread  of  Bao- 
terium  pruni  during  the  growing  season.  The  data  are 
based  on  surveys  made  May  18,  June  30,  and  July  13, 
1926 

Table  11. — Increase  in  number  of  trees  infected'  with  Bacterium  pruni 


Date 


May  18 
June  30. 
July  13. 


Total 
trees 


Number 
102 
102 
102 


Trees  infected 


Number 
20 
49 


Per  cent 
19 

48 
84 


Increase  in— 


Number 
infected 


Percent- 
age of 
number 
infected 


Table  11  shows  the  number  of  trees  bearing  infected  fruit  on 
different  dates.  Fruit  spots  were  used,  as  they  can  be  identified 
rapidly  and  positively,  while  young  leaf  spots  may  be  confused 
with  other  troubles.  The  increase  in  the  number  of  trees  showing 
fruit  infection,s  is  interesting  in  itself,  but  in  making  a  survey  a 
record  was  kept  of  the  location  of  each  tree  showing  the  disease. 
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From  this  record  it  is  possible  to  ascertain  to  a  certain  degree  the 
relationship  of  the  earlier  infections  and  the  new  cases.  On  June 
30,  29  new  cases  were  observed,  and  of  these,  17  trees  were  adjacent 
to  those  that  were  observed  infected  on  May  18.  On  July  13,  37 
additional  ca^s  were  observed,  and  of  these,  29  trees  were  adjacent 
to  those  previously  observed  to  be  infected.  The  importance  of  the 
original  infections  is  shown  clearly,  since  more  than  one-half  of  the 
new  cases  in  both  observations  were  adjacent  to  trees  previously 
infected.  In  the  observations  of  July  13  over  three-fourths  of  the 
new  infections  were  adjacent  to  the  previously  infeeted  trees. 

These  results  were  obtained  in  a  year  (1926)  when  conditions  fa^ 
vorable  to  the  spread  of  the  disease  prevailed  throughout  the  grow- 
ing season.  In  the  previous  year  the  growing  season  was  abnormally 
dry  except  a  brief  period  in  April  when  the  initial  infections  were 
established.  The  disease  did  not  spread  from  tree  to  tree  to  any 
extent  as  the  result  of  the  unfavorable  conditions.  In  1927  the 
spread  of  the  disease  was  very  rapid  the  early  part  of  the  season,  and 
64  per  cent  of  the  trees  were  found  infected  on  April  25,  as  contrasted 
with  19  per  cent  on  May  18  in  1926,  and  54  per  cent  for  the  entire 
season  of  1925. 

The  detailed  discussion  of  the  spread  of  the  disease  in  1926  is 
merely  to  explain  how  the  disease  behaved  under  a  certain  set  of 
environmental  conditions.  These  conditions  vary  from  year  to  year, 
and  the  time  of  the  initial  appearance  and  subsequent  spread  of  the 
disease  necessarily  varies  in  accordance  with  them, 

EFFECT  OF  ENVIRONMENTAL  CONDITIONS 

The  environmental  conditions  play  important  roles  in  the  dissem- 
ination and  development  of  bacterial  plant  diseases.  Smith  (45)  in 
a,  general  discussion  of  the  subject  has  pointed  out  that  "  excessive 
rainfall,  ^hading,  high  winds,  wet  earth,  and  heavy  dews  "  furnish 
conditions  that  are  ideal  for  the  rapid  dissemination  of  the  patho- 
genes  causing  these  diseases,  especially  when  the  air  temperature  is 
high. 

An  abundance  of  moisture  is  probably  the  most  important  factor 
affecting  the  dissemination  of  Bacterium  pnmi.  Field  observations 
by  investigators  in  different  portions  oi  the  country  have  led  to  the 
conclusion  that  the  yearly  fluctuations  of  the  severity  of  the  disease 
can  be  attributed  largely  to  fluctuations  in  the  amount  of  precipi- 
tation. Periods  of  excessive  rainfall  are  accompanied  by  cloudy 
skies  which  shut-off  to  a  certain  extent  the  sun's  rays,  and  the  films 
of  water  on  the  parts  to  be  infected  do  not  evaporate  so  rapidly 
as  they  would  under  conditions  of  bright  sunlight.  Shading  pro- 
duced by  the  foliage  of  the  trees  themselves  has  much  the  same 
effect.  This  is  very  clearly  demonstrated  on  a  clear  day  following 
a  heavy  dew.  The  writer  frequently  has  observed  that  the  leaves 
on  the  west  side  of  the  tree  were  damp  with  dew  at  10  o'clock  in 
the  morning,  while  those  on  the  east  side  under  a  bright  sun  were 
completely  dry.  This  condition  frequently  brings  about  a  localiza- 
tion of  the  disease  on  the  west  side  of  the  tree.  It  is  quite  possible 
in  view  of  the  toxic  effect  of  the  sun's  rays  on  the  pathogene  on 
culture  media  that  a  similar  effect  exists  in  nature,  and  shading 
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reduces  the  number  of  bacteria  that  are  killed  by  the  toxic  action 
of  the  sun's  rays. 

The  effect  of  high  winds  has  been  mentioned  previously,  and  it  is 
sufficient  to  say  here  that  a  high  wind  accompanied  by  rain  can 
blow  the  bacteria  through  the  trees  and  completely  overcome  the 
effect  of  shading  in  contributing  to  the  prevalence  of  the  disease 
on  the  west  side  of  the  trees. 

Temperature  is  also  an  important  factor  and  clearly  influences 
the  time  of  the  initial  appearance  of  the  disease  in  the  spring  and  its 
subsequent  development.  Unfortunately,  accurate  records  are  not 
available,  and  the  initial  appearance  of  the  disease  can  not  be  corre- 
lated so  clearly  with  temperature  as  is  possible  with  apple  scab,^^ 
peach-leaf  curl,^^  and  the  apple  bitter-rot  disease.^^  In  Georgia  the 
disease  appears  during  the  period  from  April  10  to  April  30,  and  it 
is  evident  that  the  temperatures  normally  reach  a  j)oint  favorable  to 
the  organism  every  year  during  this  period  and  eliminate  any  wide 
variation  in  the  time  of  appearance.  The  conditions  are  different 
in  other  portions  of  the  country,  and  Eolfs  (S3)  observed  a  varia- 
tion in  the  time  of  the  appearance  of  the  disease  from  April  to 
August.  In  Arkansas,  during  the  year  1929,  the  low  temperatures 
during  April  and  May  had  a  marked  influence  on  the  disease.  Eain- 
fall  was  excessive,  and  it  was  accompanied  by  many  cloudy  days, 
yet  the  disease  did  not  become  common  in  the  orchards  until  June. 

Kuwatsuka  (23)  made  the  interesting  observation  in  1921  that  his 
inoculation  experiments  using  2-year-old  potted  plants  were  more 
successful  when  the  pots  were  standing  in  pans  of  water,  soi  that  the 
soil  was  nearly  saturated,  than  when  the  plants  were  wilting  or  held 
at  the  lowest  water  supply  consistent  with  keeping  the  plants  alive. 
This  effect  was  probably  due  to  the  fact  that  the  stomata  were  closed 
in  the  wilted  or  dry  plants  and  the  pathogene  was  unable  to  enter 
through  them. 

INCUBATION  PERIOD 

Smith  (4^)  observed  that  small  spots  were  visible  on  plum  leaves 
seven  days  after  spraying  the  leaves  with  a  suspension  of  the  organ- 
ism. In  his  experiments  with  peach  leaves  he  (44)  did  not  give  any 
definite  data,  but  stated:  "The  result  of  this  experiment  was  the 
appearance  after  a  number  of  days  of  several  thousands  of  typical 
leaf  spots." 

Kolfs  (3S)  found  that  in  his  experiments  the  incubation  period 
varied  from  7  to  15  days  in  warm  weather,  but  in  cold  weather  the 
period  was  prolonged  to  between  20  and  25  days.  These  results  were 
obtained  when  leaves  and  fruit  were  moistened  with  a  suspension  of 
the  bacteria.  In  the  case  of  the  twigs  where  the  organism  was  ac- 
tually introduced  into  the  tissue,  he  found  that  the  first  symptoms 
appeared  in  from  4  to  10  days. 

The  incubation  period  varied  from  5  to  12  days  in  the  writer's 
experiments,  reported  in  Table  12.  The  inoculation  experiments  from 
which  these  data  were  derived  were  all  of  the  type  in  which  the 
suspensions  of  the  organism  were  introduced  into  tne  tissue  with  a 

18  Caused  by  Venturia  inaequalis  (Cke.)  Wint. 

"Caused  by  Exoascus  deformans  (Berk.)  Fckl. 

18  Caused  by  Glomerella  cingulata  (Ston.)  Spauld.  and  Schrenb. 
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hypodermic  needle.    The  results  obtained  were  comparable  with  those 
reported  by  Rolfs  when  he  used  a  similar  technic. 

Table  12. — Duration  of  the  incubation  period  in  inoculation  experiments  with 

Bacterimn  pruni 


Date 


Tissue  involved 


Method  of  inocula- 
tion 


First  symp- 
toms appeared 


Incu- 
bation 
period 


Mays.  1925... 
May  18,  1925.. 
Junes,  1925-.. 
June  12,  1925- . 
Apr.  15,  1926- . 
Apr.  23,  1926- . 
May  20,  1926- . 

Do 

May  29,  1926.. 
June  1,  1926... 
Aug.  6,  1926--. 
Mar.  19,  1927. 
May  28,  1927- . 


Twigs.. 

do.. 

.-—do.. 

do.. 

do_. 

do.. 


do. 

Leaves, 
.-.-do. 

do. 

do. 

Twigs.. 
..—do. 


Puncture. 

do..-, 

do.-.. 

do.._. 


,.— do..., 
..— do... 
—do... 
Scraped. - 

"'.'AoV.'. 

do..- 

Puncture. 
do-.. 


May  13,1925 
May  25,1925 
June  12,1925 
June  18,1925 
Apr.  23,1926 
May  1, 1926 
May  28,1926 
do 


June     7, 1926 

do 

Aug.  13,1926 
Mar.  31, 1927 
June    3, 1927 


Days 


The  experiments  in  which  the  leaves  were  either  sprayed  or  rubbed 
between  the  fingers  moistened  with  a  suspension  of  the  organism 
were  not  particularly  successful  under  Georgia  conditions.  In  one 
experiment,  peach  leaves  were  sprayed  with  a  suspension  of  the 
organism  on  March  25,  1926,  and  the  first  symptoms  were  not  ob- 
served until  April  16,  indicating  an  incubation  period  of  22  days. 

To  summarize  the  results  of  the  various  investigations,  the  incu- 
bation period  appears  to  be  rather  prolonged  in  cool  weather  and 
may  be  as  much  as  25  days  in  duration.  The  period  is  shortened  in 
warm  weather  and  varies  from  7  to  15  days.  In  those  experiments 
in  which  the  organism  was  injected  into  the  tissue  the  incubation 
period  in  some  cases  was  as  short  as  4  or  5  days. 

DURATION  OF  INFECTION  PERIOD 

Observations  have  shown  that  the  fruits  of  susceptible  varieties 
are  liable  to  infection  at  practically  any  time  with  the  possible  ex- 
ception of  a  brief  period  early  in  their  development  (i.  e.,  before  the 
calyxes  have  split  off  the  young  fruit). 

The  writer  can  not  agree  with  Higgins  {16)  who  stated  that  the 
fruit  probably  was  immune  to  infection  after  it  was  half  grown. 
A  careful  examination  of  the  fruit  over  a  series  of  years  has  shown 
that  infection  is  possible  throughout  the  period  of  fruit  development. 
In  fact,  very  young  spots  exuding  bacteria  have  been  observed  on 
mature  fruit  of  the  Elberta  variety  in  Georgia  in  July,  one  week 
before  it  was  harvested.  In  Indiana  the  writer  has  observed  bacteria 
oozing  from  young  spots  on  mature  Elberta  fruits  in  August.  In 
Arkansas,  bacterial  ooze  has  been  observed  on  mature  Elberta 
peaches  which  had  been  harvested. 

Infection  is  clearly  correlated  with  proper  temperature  and  mois- 
ture conditions,  and  negative  departure  (i.  e.,  low  temperatures  or 
the  absence  of  precipitation)  from  the  optimum  conditions  often 
produces  periods  of  considerable  duration  in  which  no  infection  takes 
place.    The  1925  season  in  Georgia,  which  was  abnormally  dry,  was 


48         TECHNICAL  BULLETIN    2  7  3,   U.   S.  DEPT.   OF  AGEICULTUEE 

an  excellent  illustration  of  this.  Conditions  such  as  these  can  easily- 
lead  one  to  think  that  the  fruit  acquires  an  immunity  after  a  certain 
period  in  its  development,  when  in  reality  the  absence  of  infections 
is  due  to  unfavorable  environmental  conditions. 

Leaf  spots  in  the  early  stages  of  their  development  have  been 
observed  throughout  the  growing  season,  but  as  there  is  a  continual 
dropping  of  old  leaves  and  a  continual  production  of  new  ones,  it 
may  be  quite  possible  that  the  leaves  can  be  infected  only  during 
certain  stages  of  their  development.  It  is  not  known  whether  or  not 
a  leaf  formed  in  April  could  be  infected  in  August  or  October  if  it 
remained  on  the  tree. 

The  evidence  from  inoculation  experiments  indicates  that  the  twigs 
are  most  susceptible  when  the  tissues  are  quite  young  and  succulent. 
The  organism  makes  very  little  progress  when  introduced  into  cur- 
rent-year twigs  in  October  during  periods  when  the  temperature  and 
precipitation  are  favorable  to  the  organism  as  shown  by  its  ready 
development  on  leaves  inoculated  at  the  same  time.  There  is  no 
evidence  that  twigs  are  capable  of  being  infected  after  their  first 
year. 

The  infection  period  persists,  in  the  case  of  the  fruit,  until 
maturity  is  reached.  In  the  case  of  the  leaves  it  may  or  may  not  be 
confined  to  certain  periods,  while  in  the  case  of  the  twigs  the  evi- 
dence at  hand  indicates  that  it  is  of  relatively  short  duration. 

CONTROL  MEASURES 

It  is  hoped  that  the  discussion  in  the  previous  pages  of  some  of  the 
more  obscure  symptoms  of  the  bacterial  spot  disease  will  aid  in  its 
control  by  facilitating  its  early  recognition  in  the  orchards.  Men- 
tion may  be  made  of  the  relation  between  the  development  of  success- 
ful control  measures  and  such  features  in  the  seasonal  life  history  of 
the  pathogene  as  the  production  of  inoculum  throughout  the  growing 
season  and  the  relative  scarcity  of  twig  cankers.  The  almost  continu- 
ous production  of  inoculum  indicates  very  clearly  that  a  prolonged 
schedule  of  control  measures  is  in  order,  while  the  relative  scarcity  of 
the  twig  cankers  largely  precludes  the  possibility  of  controlling  the 
disease  through  a  program  based  on  their  elimination. 

The  first  extensive  control  experiments  were  conducted  by  Koberts 
{31)  in  Arkansas  during  the  years  1913  to  1915.  In  these  experi- 
ments due  cognizance  was  taken  of  the  fact,  established  by  numerous 
field  observations,  that  the  disease  was  more  severe  on  weak  trees  and 
in  orchards  that  had  not  been  properly  pruned,  fertilized,  or  culti- 
vated. Eoberts  obtained  satisfactory  commercial  control  of  the  dis- 
ease by  improving  the  vigor  of  the  trees,  through  the  use  of  nitrate 
of  soda,  and  through  pruning  and  cultivation.  As  a  result  of  these 
experiments  he  made  the  following  statement  concerning  the  control 
of  the  disease : 

Experiments  carried  on  by  the  writer  and  others  indicate  that  the  disease 
may  be  kept  in  check  in  southern  peacli  orchards  by  proper  pruning,  cultiva- 
tion, and  especially  fertilization.  Nitrate  of  soda  was  by  far  the  most  efficient 
fertilizer  used.  Trees  in  which  a  high  state  of  vigor  and  health  is  maintained 
are  commercially  resistant  to  the  disease. 

These  recommendations  have  been  satisfactory  in  sections  where 
the  disease  was  not  severe  and  where  the  character  of  the  soil  was 
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such  that  improvement  can  be  rapidly  accomplished.  In  many  sec- 
tions (particularly  the  newer  peach  sections)  soil  improvement  was 
slow  and  expensive,  and  the  disease  had  gained  such  a  foothold  that 
it  seemed  desirable  to  develop,  if  possible,  additional  control  meas- 
ures, particularly  some  form  of  spray  solution  that  would  control 
the  disease. 

Various  investigators  have  tested  a  large  number  of  compounds 
in  the  past  five  years,  but  practically  all  have  been  eliminated  either 
because  they  showed  little  or  no  signs  of  control  or  because  they 
caused  severe  injury  to  the  peach.  The  extreme  susceptibility  of  the 
peach  leaves,  fruit,  and  twigs  to  spray  injury  has  made  the  develop- 
ment of  a  satisfactory  spray  an  extremely  difficult  task. 

One  of  the  most  promising  sprays  for  the  control  of  this  disease 
is  the  zinc-lime  spray  developed  by  Roberts  and  Pierce  (3^).  Va- 
rious combinations  of  this  spray  (which  in  its  latest  formula  consists 
of  4  pounds  of  zinc  sulphate  and  4  pounds  of  hydrated  lime  to  50 
gallons  of  water)  have  been  used  by  Roberts  and  Pierce  in  southern 
Indiana  every  year  since  1925  and  by  the  writer  in  northwestern  Ar- 
kansas in  1929  and  1930.  The  spray  does  not  eliminate  the  disease 
completely,  but  the  number  and  size  of  the  spots  (particularly  on 
the  fruit)  are  reduced  and  a  larger  percentage  of  the  fruit  is  mer- 
chantable on  the  trees  sprayed  with  it.  The  amount  of  defoliation 
is  reduced,  and  the  general  vigor  of  the  trees  is  improved  through 
this  reduction  in  defoliation  and  through  a  stimulation  produced  by 
the  sprays.  Measurements  have  shown  that  the  leaves  on  the  trees 
sprayed  with  the  zinc-lime  spray  are  larger  than  on  the  unsprayed 
trees  and  they  are  deeper  green  in  color. 

Wliile  this  spray  does  not  eliminate  the  disease  completely  the 
results  obtained  with  it  are  promising  and  it  is  hoped  that  further 
experimentation  will  produce  a  combination  that  will  reduce  the 
ravages  of  the  disease  to  a  minimum. 

SUMMARY 

Bacterium  prum,  the  cause  of  the  bacterial  spot  disease  of  stone 
fruits,  was  first  described  in  1902. 

The  organism  has  been  reported  from  the  United  States,  Canada, 
and  Japan,  and  possibly  may  occur  in  China. 

In  the  United  States  the  disease  has  been  observed  over  a  wide 
area  east  of  the  Rocky  Mountains,  but  has  never  been  reported  from 
the  fruit-growing  sections  of  the  far  West  and  Northwest. 

The  organism  causes  the  disease  only  on  members  of  the  genus 
Prunus.  Sorbus  japonica  has  been  infected  artificially  by  Kuwat- 
suka  in  Japan,  but  the  resulting  symptoms  are  not  typical. 

The  disease  is  of  economic  importance  because  it  (1)  brings  about  a 
devitalization  of  the  tree  through  defoliation,  (2)  kills  the  twigs,  and 
(3)  lowers  the  marketability  of  the  fruit  by  injuring  its  appearance. 

The  symptoms  of  the  disease  on  peach  leaves,  fruit,  and  twigs 
have  been  described  in  detail.  On  the  fruit  the  symptoms  of  eco- 
nomic importance  are  secondary  in  nature,  resulting  from  the  growth 
of  the  tissues  after  injury  by  the  pathogene  has  ceased.  These  sec- 
ondary symptoms  are  grouped  in  an  arbitrary  descriptive  classi- 
fication. 
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The  pathological  histology  of  the  disease  on  the  peach  is  discussed. 
The  organism  is  intercellular  in  the  early  stages  of  infection,  but 
finally  the  cell  walls  are  ruptured  and  bacteria  can  be  found  within 
the  remnants  of  the  cells.  In  the  leaf  and  fruit  spots  only  paren- 
chymatous tissue  is  attacked,  while  in  the  twigs  occasionally  the 
phloem  is  invaded.  The  ultimate  result  of  the  invasion  of  the  tissue 
by  the  bacteria  is  the  formation  of  a  cavity  in  which  all  semblance 
of  the  normal  tissue  structure  is  lost.  The  necrotic  area  is  isolated 
from  the  healthy  fruit  and  twig  tissues  by  a  layer  of  wound  cork. 

The  discussion  of  the  morphology  and  physiology  of  the  organism 
agrees  in  the  main  with  the  results  of  previous  investigators.  The 
production  of  hydroxyl  ions  from  media  containing  peptone  or  beef 
extract  is  demonstrated,  and  media  containing  these  ingredients  are 
not  satisfactory  for  the  study  of  acid  production  by  the  organism. 
Twelve  carbohydrates  were  tested,  using  a  standard  synthetic  me- 
dium. The  organism  was  able  to  ferment  the  carbohydrates  without 
the  production  of  gas,  and  produced  an  acid  reaction  in  the  media. 
The  organism  grew  vigorously  on  monosaccharides,  but  made  very 
poor  growth  on  disaccharides  and  trisaccharides. 

The  recent  serological  work  with  phytopathogenic  bacteria  is  re- 
viewed. According  to  these  tests  the  organism  is  related  only 
slightly  to  other  members  of  the  so-called  "  yellow  group,"  in  spite 
of  the  analogies  in  mode  of  entrance  and  resultant  symptoms. 

The  occurrence  of  twig  cankers  and  their  relation  to  the  over- 
wintering of  the  organism  is  discussed  in  detail.  Evidence  is  ad- 
vanced to  show  that  in  three  seasons  the  initial  outbreaks  of  the 
disease  in  Georgia  peach  orchards  could  be  correlated  with  the 
presence  of  overwintered  twig  cankers.  The  organism  was  isolated 
from  a  limited  number  of  these  cankers.  No  evidence  was  obtained 
to  show  that  the  organism  overwinters  in  the  fallen  leaves. 

Field  observations  indicate  that  the  organism  is  spread  through  the 
agency  of  wind,  rain,  and  dew.  The  actual  spread  of  the  disease  based 
on  the  results  of  several  orchard  surveys  is  discussed.  In  a  block  of 
102  trees  the  number  of  infected  trees  increased  from  20  on  May  18 
to  49  on  June  30  and  86  on  July  13,  1926.  On  each  of  the  last  two 
dates  more  than  50  per  cent  of  the  trees  infected  were  adjacent  to 
trees  previously  infected.  The  rate  of  spread  of  the  disease  depends 
largely  upon  the  environmental  conditions  and  will  necessarily  vary 
from  year  to  year. 

Fruit  of  the  susceptible  varieties  of  peach  is  liable  to  infection  any 
time  during  its  development  after  the  calyxes  have  dropped  off.  Un- 
favorable environmental  conditions  will  produce  periods  of  consider- 
able duration  in  which  no  infection  takes  place  and  may  lead  to  the 
belief,  considered  erroneous,  that  the  fruit  acquires  a  degree  of  im- 
munity at  a  certain  stage  in  its  development.  The  twigs  are  suscep- 
tible when  young  and  succulent,  but  the  evidence  indicates  they  can 
not  be  infected  after  the  tissues  mature. 

In  portions  of  the  United  States  where  the  disease  is  not  severe  and 
the  soil  is  relatively  fertile  the  disease  can  be  kept  under  commercial 
control  through  the  use  of  fertilizers,  particularly  nitrate  of  soda,  and 
proper  pruning  and  cultivation.  There  are  many  sections,  however, 
where  these  measures  have  failed  to  give  satisfactory  control,  and 
various  investigators  have  devised  sprays  to  be  used  in  combating  the 
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disease.  The  zinc-lime  combination  is  such  a  spray  and  seems  to  be 
one  of  the  most  promising  that  has  been  developed  for  this  purpose. 
While  the  disease  is  not  eliminated  through  the  use  of  this  spray,  the 
amount  of  defoliation  is  reduced,  and  a  larger  percentage  of  the  fruit 
is  merchantable  on  the  trees  sprayed  with  it. 
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INTRODUCTION 

•In  the  summer  of  1925  the  Bureau  of  Entomology  established  a 
laboratory  in  Washington  County,  Me.,  under  the  direction  of  A.  L. 
Quaintance,  for  the  purpose  of  conducting  an  investigation  of  the 


1  Rhagoletis  pomondla  Walsh;  order  Diptera,  family  Trypetidae. 

2  The  junior  writer  was  associated  with  this  project  from  the  beginning  of  the  season  of  1926  until  the 
close  of  the  season  of  1928.  R.  F.  Sazama  assisted  in  the  work  during  the  season  of  1925,  and  L.  C.  McAlister, 
jr.,  assisted  during  the  season  of  1929.  The  following  field  assistants  were  employed  during  the  summers 
of  the  years  indicated:  Donald  L.  Collins,  1926;  R.  C.  Newton,  1927,  1928,  1929;  Ross  F.  Nigrelli,  1927; 
B.  J.  Rudquist,  1928,  1929;  C.  W.  Lacaillade,  jr.,  1928;  R.  B.  Whitten,  1928;  H.  A.  Peterson,  1929;  G.  II. 
Geissler,  1929.  Appreciation  should  also  be  expressed  for  the  generous  cooperation  of  the  Maine  State 
Department  of  Agriculture  and  of  the  department  of  entomology  of  the  Maine  Agricultural  Experiment 
Station.  The  writers  regret  that  they  are  unable  to  give  specific  credit  for  the  analyses  for  arsenical  residue 
which  are  utilize^l  in  this  bulletin.  It  is  known  that  some  of  them  v/ere  made  in  the  insecticide  division 
of  the  Bureau  of  Chemistry  and  Soils,  and  it  is  probable  that  otiiers  were  made  in  the  insecticide  laboratory 
of  the  old  insecticide  antl  fungicide  board. 
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biology  and  control  of  the  blueberry  maggot.  A  summary  of  the 
results  of  this  investigation,  from  the  establishment  of  the  laboratory 
in  1925  until  the  close  of  the  season  of  1929,  is  presented  in  this  bulle- 
tin. 

THE  BLUEBERRY  INDUSTRY  AND  LANDS 

In  many  respects  the  blueberry  industry  of  northeastern  Maine 
stands  unique  in  American  agriculture.  As  a  commercial  develop- 
ment, blueberry  culture  in  this  section  seems  to  have  begun  some  50 
or  60  years  ago.  The  industry  slowly  developed  as  the  timberlands 
were  cleared  and  as  lumbering  decreased  in  importance.  The  pro- 
duction of  blueberries  has  progressed  largely  without  scientific  study 
or  direction  until  recent  years,  and,  as  necessity  demanded,  methods 
were  developed  which  in  many  instances  are  peculiar  to  this  crop  and 
to  this  section.  Any  effort  to  combat  the  blueberry  maggot  effi- 
ciently must  take  into  account  the  conditions  under  which  the  blue- 
berries are  produced. 

TOPOGRAPHY   AND    GROUND    COVER   OF   THE   BLUEBERRY   LANDS 

The  blueberry  lands  consist  of  high,  fairly  level  plateau  land  or  of 
moderately  sloping  to  steep  hillsides,  all  of  which  show  the  effects  of 
glaciation.  (PI.  1.)  The  soil  is  mostly  of  a  sandy  nature  intermixed 
with  gravel,  and  the  surface  is  frequently  studded  with  numerous 
bowlders  and  rock  outcrops.  (PL  2,  A.)  On  raost  of  the  productive 
blueberry  land  there  is  a  surface  layer  of  organic  matter  from  1  to  3 
or  more  inches  in  depth,  over  the  sandy  soil. 

For  the  most  part  the  trees  have  been  removed  from  the  blueberry 
land.  Some  of  the  land  still  bears  old  snags  here  and  there,  or  oc- 
casionally scattered  trees — ^relics  of  the  coniferous  forests  that  once 
covered  the  land.  These  lands  are  now  characterized  by  a  typical 
acid-soil  vegetation,  with  such  plants  as  lambkill  (Kalmia  angustvfolia 
L.),^  bunchberry  (Cornus  canadensis  L.),^  bearberry  {Arctostajphylos 
uva-ursi  L.),^  mountain  cranberry  (Vaccinium  vitis-idaea  minor)  and 
other  species,  in  addition  to  the  blueberries  and  huckleberries. 
Gray  birch  and  alder  "sprouts "  spring  up  abundantly  on  the  blueberry 
land,  and  sweetfem  (Comptonia  peregnna  (L.)  Coulter)  often  forms 
a  dense  cover.  Much  labor  is  required  to  keep  the  weed  bushes  from 
overrunning  the  land  and  crowding  out  the  blueberries. 

The  blueberries  are  produced  by  native  plants  which  have  come 
onto  this  land  entirely  by  natural  dissemination.  Two  species  * 
produce  the  commercial  blueberry  crop.  These  are  the  lowbush 
blueberry  (Vaccinium  angustifolium  Ait.),^  and  the  Canada  blueberry 
{V.  canadense  Kalm),^  often  known  locally  as  the  low  sweet  blueberry 
and  the  sourtop  blueberry,  respectively.  As  would  be  expected,  a 
number  of  varieties  of  blueberries  are  found  in  this  section,  and  some 
authorities  recognize  one  or  more  additional  species.  The  blueberry 
plants  grow  to  a  height  of  6  to  12  inches.  On  most  of  the  land  the 
stand  of  plants  is  exceedingly  patchy  and  irregular. 

3  Plants  identified  by  F.  V.  Coville,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture. 
*  The  highbush  blueberry  (V.  corymbosum  Ait.)  occurs  commonly  in  Maine  along  the  borders  of  streams 
and  ponds,  but  the  fruit  of  this  species  is  not  utilized  commercially  in  this  gpction. 
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CULTURAL  PRACTICES 

On  the  whole,  the  blueberry  land  usually  receives  little  culture. 
It  is  customary  to  mow  the  weed  bushes  on  the  better  land  every  third 
year,  during  the  fall  preceding  burning.  On  some  of  the  land  the 
weed  bushes  are  mowed  each  fall  in  order  to  give  the  blueberry  plants 
better  opportunity  for  growth. 

Every  third  year  an  attempt  is  made  to  bum  over  the  blueberry 
land.  (Pis.  3  and  4.)  This  is  done  in  early  spring,  after  the  snow  is 
off,  but  before  the  frost  is  out  of  the  ground,  and  w^hile  the  plants  are 
still  dormant.  Favorable  conditions  for  burning  usually  occur 
during  April  or  the  first  week  in  May.  By  removing  the  portions 
of  the  plants  above  the  surface  of  the  soil,  burning  serves  as  a  pruning 
process,  stimulating  new  growth.  As  the  berries  are  produced  on 
growth  of  the  preceding  season,  there  is  no  crop  produced  on  burned- 
over  land  during  the  summer  immediately  following  the  bum.  The 
second  summer  following  the  burn  marks  the  production  of  the  first 
berries,  usually  an  abundant  crop.  The  second  crop  is  usually  less 
abundant  than  the  first,  although  the  relative  productiveness  of  the 
two  crops  varies  mth  the  seasons  and  with  the  characteristics  of  the 
land.  Succeeding  crops  diminish  rapidly  if  the  land  remains  un- 
bumed,  and  the  land  soon  becomes  practically  nonproductive  w^here 
it  is  not  burned  over.  Each  landowTier  attempts  to  bum  about  one- 
third  of  his  blueberry  land  each  spring,  so  as  to  have  an  approxi- 
mately constant  area  in  bearing  every  season. 

The  facility  with  w^hich  land  can  be  burned  varies  greatly  with  the 
season.  Some  seasons  are  favorable  for  burning,  and  it  is  easy  to 
bum  over  the  land  thoroughly.  Other  seasons  are  unfavorable,  and 
there  may  be  only  one  or  two  days  during  the  burning  period  when  the 
fire  will  run  well  over  the  land  without  leaving  numerous  skips. 
Usually  the  wild  land  on  the  barrens  is  poorly  burned,  patches  and 
streaks  of  unburned  bushes  being  left  throughout  the  burned-over 
area.  On  the  better  land,  many  of  the  growers  spread  hay  during  the 
fall,  to  insure  a  thorough  bum  the  next  spring.  The  hay  is  spread 
uniformly  in  a  thin  layer,  usually  from  one-half  ton  to  1  ton  of  hay 
per  acre  being  used. 

Most  of  the  blueberries  produced  in  this  section  are  used  in  the 
canning  factories.  The  berries  are  picked  by  means  of  metal  rakes. 
(PL  2,  B.)  Picking  usually  does  not  begin  until  practically  all  of  the 
berries  are  ripe;  then  the  land  is  picked  clean.  The  berries  are  put 
through  a  hand  winnowing  machine  in  the  field  to  remove  most  of  the 
leaves  and  debris  which  are  gathered  with  the  berries.  After  this 
preliminary  cleaning,  the  berries  are  placed  in  half-bushel  boxes  for 
transportation  to  the  factory. 

HISTORY  OF  THE  BLUEBERRY  MAGGOT 

The  blueberry  maggot  (Rhagoletis  pomonella)  is  apparently  a  native 
insect  that  has  been  present  in  the  New  England  area  for  many 
centuries.  Maggots  have  been  observed  in  blueberries  in  Washing- 
ton County,  Me.,  from  the  earliest  recollections  of  the  oldest  inhabi- 
tants. During  the  early  years,  when  blueberries  were  of  little  or  no 
commercial  value,  this  insect  attracted  slight  attention.  As  the 
blueberry  crop  increased  in  commercial  importance,  the  blueberry 
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maggot  l^ecjinic  more  and  more  troublesome.  In  the  season  of  1924 
the  situation  became  actue,  and,  because  of  the  heavy  infestation  of 
the  blueberries,  the  canning  factories  were  severely  hampered  in 
their  operations.  As  no  method  was  known  for  removing  the  infested 
berries  from  the  pack,  it  appeared  for  a  while  that  the  development 
of  the  industry  would  be  permanently^  retarded. 

The  first  published  record  of  Rhagoletis  pomonella  infesting  berries 
appears  to  have  been  issued  by  Britton  (4)  ^  in  1906  when  he  reported 
finding  this  species  infesting  huckleberries  in  Connecticut.  Smith 
{16)  reported  the  species  as  occurring  on  huckleberries  in  New  Jersey 
in  1909.  Woods  (19)  recorded  the  occurrence  of  the  species  on  blue- 
berries in  Washington  County,  Me.,  in  1914,  and  again  discussed 
the  insect  briefly  in  a  treatise  (W)  on  the  blueberry  insects  in  Maine 
the  following  year.  O'Kane  (10)  recorded  the  occurrence  of  the 
species  on  Vaccinium  corymbosum  in  New  Hampshire  in  1914. 
Patch  and  Woods  (11)  in  1922  published  the  most  comprehensive 
study  of  the  species  as  a  blueberry  pest  that  has  appeared.  The 
authors  discuss  briefly  the  results  of  four  years  of  observation  on  the 
biology  and  control  of  the  blueberry  maggot  in  Washington  County, 
Me. 

INJURY 

The  primary  injury  to  the  blueberry  industry  resulting  from 
blueberry  maggots  arises  from  their  presence  among  the  canned 
berries.  The  presence  of  the  maggots  is  probably  not  injurious  to 
the  health  of  persons  consuming  the  berries;  nevertheless,  any  such 
foreign  matter  is  unsightly  in  a  food  product  and  certainly  lessens  its 
value  as  an  appetizing  delicacy.  Regulations  issued  by  the  United 
States  Department  of  Agriculture,  under  authority  of  the  pure  food 
laws,  declare  an  excessive  number  of  maggots  to  be  an  adulteration 
and  prohibit  the  sale  of  such  products  in  interstate  commerce. 

There  are  other  forms  of  injury  caused  by  the  maggot  that  are 
often  overlooked  by  blueberry  producers  and  canners.  It  is  not 
exceptional  to  find  areas  in  which  10  to  15  per  cent  of  the  berries  are 
infested  by  maggots.  The  destruction  of  berries  caused  by  such 
infestation  is  not  apparent  to  the  growers  and  is  therefore  likely  to 
be  overlooked.  Many  of  the  infested  berries  drop  to  the  ground 
before  the  area  is  picked,  others  are  crushed  in  the  boxes  on  the  way 
to  the  factory,  and  those  which  remain  must  be  washed  out  to  remove 
the  maggots  at  the  cannery.  Loss  results  from  the  additional  factory 
processes  required  in  removing  the  maggots,  from  the  shrinkage  of 
the  berries  as  they  are  processed  to  remove  the  maggots,  and  from 
the  slovang  down  of  the  canning  operations  during  the  rush  season. 

When  badly  infested  berries  are  picked,  large  numbers  of  berries 
are  very  soft  and  ''mushy"  (pi.  5,  A)  as  a  result  of  the  feeding  of  the 
larger  maggots,  and  many  of  the  soft  berries  break  down  en  route  to 
the  factory.  Upon  arrival  at  the  factory,  the  contents  of  the  boxes 
frequently  present  a  most  unsightly  appearance.  The  berries,  wet 
with  the  juice  of  the  crushed  fruit,  are  troublesome  to  handle,  and  it 
is  difficult  to  winnow  them  and  to  pick  them  over  by  hand,  as  is 
usually  done  in  the  factory. 

« Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  75. 
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Plate  1 


Two  Types  of  Blueberry 


A,  Level  land  excellent  for  dusting  by  airj^lane  or  by  ground  machine;  B 
trees,  difficult  to  dust  by  airplane. 


LAND  IN  Washington  County,  Me. 

hill  land  with  scattered 
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PLATE  2 


A,  Excellent  blueberry  land  studded  with  numerous  bowlders,  sometimes  difficult  to  dust  with 
ground  machine;  B,  rake  used  for  picking  blueberries  in  eastern  Maine 
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Plate  3 


BURNING  Blueberry  Land 

A,  Blueberry  land  mowed  and  hayed,  ready  for  burning;  B,  hayed  blueberry  land  in  process  of 

burning. 
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PLATE  4 


BURNED   BLUEBERRY    LAND 

A,  Blueberry  land  immediately  after  thoroughly  burning;  B,  poorly  burned  blueberry  land,  showing 
skips  which  the  fire  missed. 
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ECONOMIC  IMPORTANCE   OF   BLUEBERRY-MAGGOT 
INFESTATION 

Blueberry  production  and  canning  have  become  probabty  the  most 
vahiable  industries  in  Washington  County,  and  are  of  considerable 
importance  throughout  the  coastal  section  of  eastern  Maine.  The 
total  income  from  blueberries  is  said  to  be  more  than  $1,000,000 
annually  in  Washington  County,  and  is  an  important  source  of  liveli- 
hood for  a  considerable  portion  of  the  population.  Anything  which 
interferes  with  the  industry  is  lilvely  to  cause  great  economic  loss  and 
is  justly  looked  upon  with  alarm  by  the  people  of  this  section. 

It  is  impossible  to  estimate  accurately  the  total  loss  due  to  maggot 
infestation  in  this  section.  In  one  factory  for  which  records  (Table  1) 
are  available,  42.1  per  cent  of  the  berries  received  in  1926  required 
processing  to  remove  maggots;  in  1927,  57.6  per  cent;  in  1928,  37.9 
per  cent;  and  in  1929,  28.2  per  cent  of  the  berries  received  were 
processed  to  remove  maggots.  This  factory  received  a  large  propor- 
tion of  its  berries  from  heavily  infested  areas,  and  the  percentage  of 
berries  processed  for  maggot  removal  is  undoubtedly  somewhat 
higher  than  the  average  for  the  county.  It  is  estimated  that  during 
each  year  for  which  records  are  available,  from  4.5  to  10.2  per  cent 
of  the  total  quantity  of  berries  received  by  this  factory  were  de- 
stroyed as  a  result  of  processing  for  maggot  removal.  This  is  a  sub- 
stantial loss  to  the  factory,  and  to  this  should  be  added  the  cost  of 
processing  and  the  inconvenience  caused  during  the  rush  season. 

Table  1. — Records  from  one  blueberry  cannery  in  Washington  County,  Me.* 


Year 

Total  ber- 
ries re- 
ceived 

Berries  requir- 
ing no  process- 
ing for  remov- 
ing maggots 

Berries  requir- 
ing slight  to 
moderate  pro- 
cessing 

Berries  requir- 
ing prolonged 
processing 

Total  berries 

processed  for 

removing 

maggots 

Estimated 

shrinkage  of 

berries  during 

processing  for 

removing 

maggots 

1926 

1927 

1928- 

1929 

Bushels 
17, 418. 0 
17,088.0 
10, 174.  5 
12,  575.  0 

Bushels 
10, 085. 0 
7,  249.  0 
6,  318.  5 
9,  027.  5 

Per 
cent 
57.9 
42.4 
«2. 1 
71.8 

Bushels 
3, 346. 5 
4,414.0 
2, 378.  5 
2,  922.  5 

Per 
cent 
19.2 
2.5.8 
23.4 
23.2 

Bushels 
3, 986.  5 
5, 425. 0 
1,477.5 
62.5.0 

Per 
cent 
22.9 
31.8 
14.5 
5.0 

Bushels 
7, 333. 0 
9, 839. 0 
3,  S.-*.  0 
3, 547.  5 

Per 
cent 
42.1 
57.6 
37.9 
28.2 

Bushels 

1,299.5 

1, 747.  4 

652.3 

563.4 

Per 
cent 
7.5 
10.2 
6.4 
4.5 

1  Data  presented  in  this  table  are  from  the  official  records  of  the  State  inspector  in  charge  at  the  factory, 
and  are  published  through  the  courtesy  of  the  proprietors. 

The  blueberry  maggot  probably  occurs  in  most  of  the  important 
blueberry-producing  areas  of  the  United  States,  and  wherever  it 
occurs  this  insect  constitutes  a  threat  against  the  development  of  the 
blueberry  industry. 

FRUITS  INFESTED 

The  original  technical  description  (18)  of  Rhagoletis  pomonella  was 
based  upon  a  series  of  flies,  some  of  which  were  reared  from  apple 
and  others  from  Crataegus.  Since  the  original  description,  the 
species  has  been  reported  as  occurring  on  a  number  of  other  fruits, 
including  cranberries  (12),  peaches,^  pears  (13),  plums  (6),  huckle- 

6  Reported  by  P.  H.  Millar  in  U.  S.  Dept.  Agr.,  Bur.  Ent.  Insect  Pest  Survey  BuL  Vol.  9,  No.  8,  p.  325. 
1929.    [Mimeographed.] 


b  TECHxVICAL  BULLETIN  275,  U.  S.  DEPT.  OF  AGRICULTURE 

berries  (Gaylussacia  baccatd)  (4-),  and  on  blueberries  (Vaccinium  penri' 
sylvanicum,  V.  canadense,  V.  vacillans  (16),  and  V.  corymbosum  {10). 
During  the  course  of  the  investigations  here  recorded,  R.  pomonella 
has  been  found  infesting  many  of  the  common  berries  indigenous  to 
eastern  Maine.  A  complete  list  of  fruits  from  which  adults  were 
reared  or  which  were  found  infested  with  maggots  at  Cherryfield,  Me., 
is  given  belowJ 

Blueberries: 

Vaccinium  angustifolium  Ait.;  (maggots  and  adults). 

V.  canadense  Kalm;  (maggots  and  adults). 

V.  corymbosum  L.;  (maggots  and  adults). 
Black  huckleberry: 

Gaylussacia  baccata  (Wang)  C.  Koch;  (maggots  and  adults). 
Bunchberry : 

Cornus  canadensis  L.;  (maggots  and  adults). 
Chokeberry : 

Aronia  melanocarpa  (Michx.)  Britton;  (maggots). 
Mountain  cranberry: 

Vaccinium  vitis-idaea  minus  Lodd;  (maggots). 
Dwarf  service  berry  (or  sugar  pear) : 

Amelanchier  bartramiana  (Tausch)  Roem.;  (maggots). 
Wintergreen: 

Gaultheria  procumbens  L.;  (maggots). 

In  the  above  list  there  are  several  plants  which  may  have  an  impor- 
tant relationship  to  the  blueberry-maggot  problem.  Huckleberries 
grow  quite  commonly  in  association  with  the  blueberries,  but  usually 
are  not  so  abundant  as  the  blueberries.  Huckleberries  have  fre- 
quently been  observed  to  be  heavily  infested  with  maggots.  The 
huckleberries  are  not  picked,  but  remain  upon  the  plants  until  frost, 
and  may  serve  as  a  reservoir  of  maggot  infestation  on  areas  where 
they  grow  abundantly. 

The  dwarf  service  berry,  locally  known  as  sugar  pear,  is  frequently 
found  on  the  blueberry  land,  but  is  most  abundant  on  lower,  poorly 
drained  soil,  rather  than  on  commercial  blueberry  l^^nd. 

The  bunchberry  is  frequently  abundant  on  commercial  blueberry 
land.  This  plant  may  bear  fruit  every  season,  even  on  the  newly 
burned  land,  and  the  berries  are  often  abundant  on  blueberry  land 
during  the  summer  immediately  following  burning.  This  suggests 
that  bunchberries  may  sustain  the  maggots  on  the  burned-over  land 
and  thus  serve  to  increase  infestation  of  the  new  berry  crop  the  second 
year  after  burning. 

Wintergreen  berries  and  chokeberries  are  common  on  the  blueberry 
land,  but  the  comparatively  slight  extent  to  which  these  berries  have 
been  found  infested  indicates  that  they  are  not  important  reservoirs 
of  infestation  by  the  maggot. 

SPECIES  INVOLVED 

The  original  technical  description  of  Rhagoletis  pomonella  was  made 
by  Walsh  (18)  from  six  males  bred  from  eastern  apples,  July  15-23,  and 
two  males  and  one  female  bred  from  Illinois  haws,  July  23-28.  Since 
the  time  of  the  original  description  in  1867,  the  species  has  been  shown 
to  be  widespread  throughout  most  of  the  northeastern  United  States 

7  The  plants  in  this  list,  with  the  exception  of  mountain  cranberry  and  wintergreen,  were  identified  by 
F.  V.  Coville.  The  word  "  maggots  "  after  the  plant  name  indicates  that  the  fruit  was  found  to  be  infested 
by  maggots  that  were  apparently  R.  pomonella;  the  word  "adults"  after  the  name  indicates  that  adult 
flies  of  R.  pomonella  were  reared  from  maggots  found  in  the  fruit. 
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and  eastern  Canada,  and  has  been  found  to  infest  a  considerable 
number  of  fruits.  The  piincipal  fruits  infested,  however,  are  apple, 
haw,  blueberry,  and  huckleberr}^.  The  species  was  notorious  as  an 
apple  pest  for  many  years  before  it  was  technically  reported  as 
occurring  on  huckleberry  and  blueberry. 

IDENTITY  OF  THE  BLUEBERRY  MAGGOT  AND  THE  APPLE  MAGGOT 

Adults  of  B.  pomonella  reared  from  huckleberries  and  blueberries  are 
noticeably  smaller  in  size  than  those  reared  from  apples  and  haws,  but 


Figure  1.— Adults  of  Rhagoletis  pomonella  (with  wings  cut  off):  A,  Blueberry  form;  B,  apple  form; 
showing  the  great  similarity  of  structure  and  difference  in  size.    X  35 

no  definite  structural  characteristics  have  been  reported  to  differen- 
tiate the  specimens  reared  from  the  two  types  of  fruits.     (Fig.  1.) 

Several  interesting  and  important  questions  continually  arise.  Is 
the  form  of  R.  pomonella  infesting  apples  and  haws  specifically  identical 
with  the  form  infesting  huckleberries  and  blueberries?  If  the  two 
forms  are  not  identical,  how  may  they  be  separated?  If  the  forms 
from  the  several  fruits  are  specifically  identical,  which  is  the  original 
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host,  and  is  there  continual  and  free  interchange  of  the  insect  between 
the  hosts?  These  questions  are  considered  in  the  discussion  that 
follows. 

STRUCTURAL  CHARACTERISTICS 

Several  closely  related  species  in  the  genus  Rhagoletis  have  been 
separated  upon  the  basis  of  very  slight  structural  differences. 
Specimens  of  R.  pomonella  reared  from  apple  and  from  blueberry  were 
therefore  carefully  examined,  and  painstakingly  compared,  detail 
with  detail,  to  discover,  if  possible,  even  the  slightest  stiiictural 
differences.  The  resemblance  between  individuals  of  the  two  forms  is 
remarkable,  and  no  structural  characteristics  whatever  could  be 
discerned  b}'^  which  the  forms  might  be  separated. 


Figure  2. — Wings  of  Rhagoletis  pomonella:  A,  Wing  from  blueberry  form;  B,  wing  from  apple  form; 
allowing  relative  size  and  structure.    X  35 

MEASUREMENTS 

The  blueberry  form  of  R.  'pomonella  is  smaller  than  the  apple 
form,  in  every  stage,  although  no  morphological  differences  have  been 
observed.  Measurements  were  made  of  several  structures  in  an 
attempt  to  determine  whether  or  not  variations  in  proportions  could 
be  detected.  Measurements  of  the  length  and  diameter  of  a  large 
series  of  puparia  from  the  two  forms  showed  no  significant  difference 
in  the  proportions  of  the  respective  forms.  (PL  6.)  Measurements  of 
the  ratio  between  the  width  of  head  and  the  length  and  width  of  wing 
of  adult  females  showed  a  slight  difference,  which,  upon  statistical 
analysis,  barely  fails  to  be  significant.     (Fig.  2.)     It  is  interesting  to 
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Plate  5 


Injury  Caused  by  Blueberry  Maggot 

A,  Infested  blueberries,  showing  the  holes  nibbled  in  the  skin  of  the  berries  by  the  maggots.  Note 
the  collapse  of  the  berries  in  the  last  stages  of  infestation;  B,  egg  puncture  in  the  skin  of  a  blue- 
berry.   Magnified  20  times. 
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PLATE 


PUPARIA  OF    RHAGOLETIS   POMONELLA 

A,  From  apples;  B,  from  blueberries;  C,  from  haws. 
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note  that  in  each  series  of  measurements  the  two  forms  of  the  insect 
were  quite  distinct  in  size,  with  very  little  overlapping. 


COMPARATIVE  DISTRIBUTION  OF  THE   APPLE  MAGGOT  AND  THE   BLUEBERRY 

MAGGOT 

The  known  distribution  of  the  apple  maggot  is  discussed  in  detail  by- 
Porter  (13).  The  principal  area  of  infestation  extends  from  the 
western  borders  of  the  Dakotas  eastward  to  the  Atlantic  Ocean,  and 
from  Nova  Scotia  south- 
ward to  New^  Jersey  and 
Pennsylvania.  The  range 
of  the  insect  extends 
southward  along  the  Alle- 
gheny Mountains  through 
Virginia  into  the  Caro- 
linas  and  Georgia. 

The  apple  maggot  is  sel- 
dom a  serious  pest  in  Vir- 
ginia, but  samples  of 
huckleberries  from 
Blacksburg*  showed  se- 
vere infestation  by  mag- 
gots apparently  similar  to 
R.  pomonella. 

In  North  Carolina  the 
apple  maggot  has  been 
recorded  (7)  but  is  evi- 
dently rare.  In  South 
Carolina  the  insect  is 
practically  unknown  as  an 
apple  pest.  Huckleberries 
collected  in  the  moun- 
tains of  Oconee  County,^ 
S.  C,  showed  a  moderate 
infestation  by  maggots, 
and  huckleberries  from 
Orangeburg  County,^  S. 
C,  yielded  a  few  mag- 
gots apparently  similar  to 
R.  pomonella. 

In  Iowa  huckleberries  are  uncommon,  but  the  apple  maggot  is 
sometimes  a  serious  pest. 

In  South  Dakota  huckleberries  are  rare,  but  the  apple  maggot  is 
widespread  (14),  although  not  usually  a  serious  pest. 


Figure  3.— Emergence  of  blueberry-maggot  flies  as  compared 
with  the  emergence  of  apple-maggot  flies,  Cherryfield,  Me.,  1927 


COMPARISON  OF  HABITS 


The  blueberry  maggot  and  the  apple  maggot  are  apparently  very 
similar  in  habits.  Patch  and  Woods  ill)  called  attention  to  the 
more  sluggish  habits  of  the  adults  of  the  apple  form. 


9  Specimens  of  infested  huckleberries  were  obtained  from  Blacks  burg,  Va.,  through  the  cooperation  of 
W.  J.  Schoene;  from  Clemson  College,  S.  C,  from  J.  A.  Berly;  and  from  Orangeburg  County,  S.  C,  from 
Felix  Shuler,  jr.  Thanks  are  also  due  H.  E.  Hodgkiss  and  Tom  A.  Brindley  for  samples  of  infested  huckle- 
berries from  Pennsylvania  and  Wisconsin,  respectively. 
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In  order  to  study  the  comparative  emergence  periods  of  the  two 
forms,  two  plots  were  marked  off,  about  10  feet  apart,  under  condi- 
tions apparently  similar.  During  the  season  of  1926  1  bushel  of 
heavily  infested  blueberries  were  placed  on  one  plot;  on  the  other 
plot  were  placed  2  bushels  of  badly  .infested  Yellow  Transparent 
apples.  Records  of  the  adults  emerging  from  the  two  plots  during 
the  season  of  1927  indicate  that  the  apple-maggot  flies  emerged  about 
seven  days  later  than  the  blueberry  flies  in  the  near-by  cage. 
(Fig.  3.) 

The  egg  of  the  blueberry  maggot  resembles  the  apple-maggot  egg 
in  every  way  except  in  size.  There  is  one  noticeable  difference, 
however,  in  the  manner  of  oviposition.  The  eggs  from  Yellow 
Transparent  apples  were  found  lying  in  the  flesh  of  the  apple  approx- 
imately their  full  length  distant  from  the  puncture  in  the  skin  of  the 
fruit.     The  eggs  are  easily  removed  from  the  flesh  of  the  apple  with- 
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FiGUEE  4.— A,  Claspers  of  male  Rhagoletis  pomonella  from  blueberry;  B,  claspers  of  R.  pomonelta 
from  apple;  C,  claspers  of  R.  sympkorkarpi  from  snowberry;  showing  relative  structures  and  sizes. 
a,  Ventral  view;  6,  meso-lateral  view;  c  and  d,  from  intermediate  angles;  e,  tip  of  booklet  from 
blueberry  form  more  highly  magnified. 

out  injury.  The  blueberry-maggot  eggs  are  placed  directly  beneath 
the  slan  of  the  berry.  The  outer  tip  of  the  egg  is  apparently  attached 
to  the  skin  of  the  berry,  and  the  body  of  the  egg  usually  adheres  so 
strongly  to  the  surrounding  berry  pulp  that  it  is  exceedingly  difficult 
to  separate  the  egg  from  the  berry  tissue  without  rupturing  the  egg. 
The  habits  of  the  larvae  in  apple  and  in  blueberry  appear  similar 
in  every  way.  The  process  of  pupation  likewise  seems  identical  in 
the  two  forms. 

RELATED  SPEOES 

There  are  several  very  closely  related  species,  separated  from 
R.  pomonella  by  very  slight  structural  differences.  (Fig.  4.)  R. 
symphoricarpi  Curran  infests  the  snowberry  on  the  Pacific  coast;  R. 
zephyria  and  R.  tabellaria  Fitch  attack  the  native  blueberries  and 
whortleberries  on  the  Pacific  coast,  and  are  separated  from  R.  pomo- 
nella by  only  slight  structural  dift'erences.  Adults  of  R.  symphoricarpi 
have  been  foimd  in  apple  trees  in  British  Columbia,  where  this  species 
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was  for  a  while  mistaken  for  R.  pomonella.  However,  the  species  on 
the  Pacific  coast  have  never  been  observed  to  infest  apples,  and  the 
apple  maggot  is  not  known  in  that  section. 

TRANSFER  OF  MAGGOTS  FROM  ONE  FRUIT  TO  ANOTHER 

Unfortimately  it  is  difficult  to  rear  R.  pomonella  in  captivity  be- 
cause of  the  abnormal  behavior  of  the  flies  in  confinement,  and  it  has 
not  been  determined  whether  the  blueberry  form  will  oviposit  on 
apple,  or  whether  the  apple  form  will  oviposit  in  blueberry.  As  a 
substitute  for  such  cross-rearing,  a  number  of  maggots,  in  the  early 
stages,  were  removed  from  blueberries  and  placed  in  apples,  and  a 
number  were  removed  from  apples  and  placed  in  blueberries.  Prob- 
ably because  of  injuries  incurred  duriug  the  manipulation,  the  death 
rate  was  high  among  the  transferred  maggots.  The  maggots  from 
blueberries  seemed  to  thrive  on  apples  when  ripe  fruit  was  provided. 
The  apple  maggots  completely  devoured  the  contents  of  the  blue- 
berries, and  it  was  usually  necessary  to  supply  additional  berries  for 
the  maturing  of  the  maggots. 

First-instar  blueberry  maggots  transferred  to  apple  successfully 
matured  and  formed  puparia,  but  no  adults  were  obtained.  Second- 
instar  blueberry  maggots  formed  puparia,  and  one  adult  was  obtained. 
The  puparia  and  the  adult  were  noiTaal  in  size  for  the  blueberry  form. 

Puparia  were  obtained  from  apple  maggots  which  were  transferred 
in  the  second  instar  to  blueberries.  No  adults  were  obtained.  The 
puparia  were  normal  in  size  for  the  apple  maggot. 

PROBABLE  RELATIONSHIPS 

Evidently  R.  pomonella  is  a  species  native  to  the  northeastern 
portion  of  the  United  States,  where  it  undoubtedly  infested  the 
fruits  of  haws  and  blueberries  and  hucldeberries  before  the  introduc- 
tion of  apples  by  the  white  settlers. 

All  stages  of  the  species  from  haws  and  apples  are  larger  than 
corresponding  stages  from  huckleberries  and  blueberries.  There  is 
no  apparent  difference  in  size  between  the  forms  from  apple  and 
those  from  haws. 

That  R.  pomonella  may  exist  upon  apple  independently  of  the  blue- 
berry, or  vice  versa,  is  suggested  by  the  fact  that  the  apple  maggot  is 
widespread  and  may  be  a  serious  pest  in  sections  where  huckleberries 
and  blueberries  are  uncommon;  and  huckleberries  may  be  infested 
where  the  apple  maggot  is  practically  unknown. 

It  seems  probable  that  the  infestation  of  apples  originated  from 
haws  rather  than  from  blueberries  or  huckleberries. 

The  form  infesting  haws  and  the  form  infesting  blueberries  un- 
doubtedly had  a  common  phylogenetic  origin,  but  there  seems  to 
be  no  evidence  to  indicate  that  there  is  now  a  common  transfer  of 
infestation  from  one  host  to  the  other.  That  such  transfer  may  not 
take  place  commonly  is  suggested  by  the  fact  that  the  species  R, 
symphoricarpi  and  R.  zephyria,  inhabiting  the  Pacific  coast,  are 
closely  related  to  R.  pomonella  and  must  have  had  a  common  an- 
cestry, but  the  Pacific  coast  forms  have  never  been  observed  to 
attack  apple. 

Probably  the  blueberry  maggot  and  the  apple  maggot  constitute 
an  example  of  incipient  species  formation.  eJust  how  far  the  differ- 
entiation has  progressed  has  not  been  determined.     The  fact  that  the 
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adults  of  the  two  forms  show  sHght  differences  m  the  proportions  of 
certain  structures  suggests  that  the  separation  of  the  two  forms  may 
have  progressed  to  the  verge  of  specific  integrity. 

SUMMARY  OF  LIFE-HISTORY  STUDIES 

In  general  the  seasonal  cycle  (^g.  5)  of  the  blueberry  maggot  is 
similar  to  that  published  in  accounts  of  the  apple  maggot.  The  blue- 
berry maggot  spends  the  winter  in  the  pupal  stage  in  the  upper  few 
inches  of  the  soil.  The  first  flies  emerge  coincidentally  with  the 
ripening  of  the  very  first  of  the  blueberries,  about  July  1  in  approxi- 
mately normal  seasons,  and  the  month  of  July  marks  the  normal 
period  of  emergence  of  the  adults  in  Washington  County,  Me.  Emer- 
gence proceeds  rapidly  during  two  or  three  weeks  of  mid-July,  the 
great  bulk  of  the  flies  emerging  during  that  period.     By  August  1 
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Figure  6.— Summary  of  the  life  history  of  the  blueberry  maggot,  Cherryfield,  Me. 

from  97  to  99  per  cent  of  the  flies  have  emerged.  A  few  flies  may 
emerge  in  August  and  early  September. 

The  flies  increase  rapidly  in  numbers  on  the  blueberry  land  as 
emergence  progresses,  and  are  present  in  maximum  abundance  about 
the  last  week  of  July.  After  this  time  emergence  practically  ceases, 
mortality  is  liigh,  and  the  abundance  of  flies  in  the  field  declines 
almost  as  rapidly  as  it  rose  earlier  in  the  season.  By  mid-August 
flies  are  scarce  in  the  field.  Adults  may  be  observed  in  decreasing 
numbers,  however,  until  killing  frost  occurs  in  late  September  or 
early  October. 

Oviposition  begins  toward  the  end  of  the  second  week  of  July,  and 
eggs  occur  in  greatest  numbers  during  the  last  week  in  July  and  the 
first  week  in  August. 

Maggots  begin  to  appear  in  the  berries  during  the  last  two  weeks  of 
July.  They  increase  rapidly  in  numbers,  and  reach  the  period  of 
greatest  abundance  during  mid- August — ^just  after  commercial  berry 
picking  gets  well  imder  way. 
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Plate  7 


APPARATUS   FOR   CONCENTRATING    PUPAE 

A,  Wire  frame  used  for  holding  about  1  bushel  of  blueberries  over  a  pupation  plot;  B,  multiple 
concentrator  for  infesting  a  pupation  plot  with  a  large  number  of  pupae. 
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Emergence  cages 

A,  Emergence  cage  in  position  over  a  pupation  plot;  B,  experimental  plot  near  Cherryfield,  Me., 
showing  field  laboratory  and  emergence  cages. 
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During  the  second  week  of  August  the  maggots  begin  to  leave  the 
berries  and  enter  the  soil  to  pupate  for  the  winter.  From  about  mid- 
August  until  mid-September  the  decline  of  maggots  in  the  berries  is 
rapid.  By  late  September  the  numbers  of  maggots  in  the  berries  are 
greatly  reduced,  and  the  great  bulk  of  the  maggots  are  usually  safe  in 
their  winter  quarters  beneath  the  soil  before  killing  frosts  occur. 

DIFFICULTIES  ENCOUNTERED  IN  STUDIES  OF  LIFE  CYCLES 

When  the  work  with  the  blueberry  maggot  was  undertaken  it  soon 
became  apparent  that  the  same  difficulties  would  be  encountered  in 
attempting  life-history  studies  with  the  blueberry  form  of  R.  'pomonella 
as  had  been  experienced  by  other  workers  studying  the  species  as  an 
apple  pest.  For  this  reason  no  very  serious  attempt  was  made  to  rear 
the  species  in  captivity,  and  the  life-history  work  was  accomplished 
by  the  use  of  more  or  less  indirect  methods,  based  largely  upon  careful 
field  observations.  From  the  field  records,  life-history  charts  were 
constructed,  somewhat  in  accordance  with  the  method  used  by 
Barber  {1).  The  fact  that  the  blueberry^  maggot  is  single  brooded  in 
this  section  facilitated  this  procedure  and  rendered  it  possible  to 
secure  a  sufficiently  detailed  account  of  the  life  cycle  without  employ- 
ing the  rearing  methods  so  frequently  used  in  similar  studies  with 
other  insects. 

Even  in  field  studies,  B.  pomonella  is  a  difficult  species  with  which 
to  work.  The  flies  are  shy  and  inconspicuous,  rendering  difficult  an 
exact  determination  of  infestation  by  observation  of  adults  in  the 
field.  The  eggs  are  so  extremely  hard  to  find  that  it  is  practically 
impossible  to  make  a  satisfactory  determination  of  the  number  present 
by  direct  count.  The  maggots,  in  their  earlier  stages,  are  likewise 
difficult  to  find,  and  infestation  is  apparent  by  external  examination 
of  the  berries  only  after  the  maggots  have  reached  an  advanced  stage. 
The  puparia  are  formed  beneath  the  surface  of  the  soil,  and  while  the 
total  number  per  acre  may  be  large,  the  number  of  puparia  to  be 
found  under  natural  conditions  on  any  area  small  enough  to  be  exam- 
ined closely  is  exceedingly  small.  These  difficulties  explain  the  neces- 
sity for  the  use  of  indirect  methods  in  undertaking  a  study  of  the  life 
history  of  the  blueberry  maggot. 

EMERGENCE  OF  ADULTS 

METHODS   EMPLOYED  IN   STUDY,   AND   EMERGENCE  RECORDS 

During  the  summer  of  1925  preparations  were  made  for  obtaining 
data  on  the  emergence  of  adults  during  the  next -season.  Twenty- 
three  rectangular  plots,  each  4  by  5  feet  in  size,  were  laid  out  on  typical 
blueberry  land.  During  the  late  summer  and  early  fall,  approximately 
1  bushel  of  heavily  infested  berries  was  placed  on  each  plot.  On"  9 
plots  the  berries  were  placed  directly  on  the  soil;  on  each  of  the  other 
14  plots  the  berries  were  placed  on  a  wire-screen  frame  the  size  of  the 
plot  (pi,  7,  A)  and  held  by  stakes  at  a  height  of  12  to  18  inches  above 
the  ground.  The  berries  on  the  plots  were  not  disturbed  until  freezing 
weather  had  occurred,  when  the  screen  frames  were  removed.  Dur- 
ing the  season  of  1926  an  emergence  cage  (pi.  8  and  fig.  6)  was  placed 
over  each  plot,  and  daily  records  were  made  of  the  number  of  fUes 
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emerging.  By  this  method  large  numbers  of  flies  were  secured,  giving 
adequate  records  of  emergence. 

In  the  spring  of  1926  an  attempt  was  also  made  to  check  up  on  the 
emergence  of  flies  in  the  emergence  cages  by  placing  several  large 
cages,  each  10  feet  square,  upon  areas  of  heavily  infested  blueberry 
land,  where  it  was  hoped  to  secure  records  of  flies  emerging  from  undis- 
turbed soil  under  more  natural  conditions.  However,  so  few  flies  were 
found  in  these  large  cages  that  the  records  are  of  no  value. 

The  results  secured  in  1926  from  the  studies  of  emergence  from  the 
4  by  5  foot  plots  were  so  satisfactory  that  a  similar  series  of  pupation 


Tbyc?  ^''-^^'en^zcte 


FiGtiTiE  6.— Details  of  construction  of  emergence  cage  used  in  studying  the  blueberry  maggot  in 
Washington  County,  Me.  The  foundation  was  set  securely  in  the  soil,  and  the  cage  was 
fastened  to  the  foundation  by  means  of  wires  looped  through  screw  eyes 

plots  was  employed  each  succeeding  year.  As  would  be  expected, 
the  numbers  of  flies  emerging  from  the  different  plots  varied  consider- 
ably. A  study  of  the  records  seemed  to  indicate  that  better  results 
were  secured  by  placing  the  berries  on  the  wire  screens  rather  than 
directly  on  the  ground,  and  during  the  last  two  years  of  these  investi- 
gations the  latter  method  was  used  exclusively  on  the  pupation  plots. 
Beginning  at  8  a.  m.,  the  flies  were  removed  from  the  cages  daily 
(with  few  exceptions)  throughout  the  emergence  period.  The  num- 
bers of  flies  appearing  in  the  cages,  during  the  peak  of  the  emergence 
season,  were  frequently  large.  In  some  instances  100  or  more  flies 
were  removed  from  a  single  cage  in  one  day.     The  largest  number  of 
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flies  removed  from  one  cage  in  a  single  day  occurred  when  793  flies 
were  removed  from  cage  B  on  July  9,  1927.  The  next  day  657  flies 
were  removed  from  this  same  cage.  With  such  numbers  emerging, 
the  removal  of  the  flies  from  the  cages  presented  a  problem,  and  the 
work  of  removing  the  flies  was  often  not  completed  until  noon.  This 
probably  introduced  some  degree  of  error  into  the  records,  but  the 
flies  were  removed  from  the  cages  in  the  same  order  each  day,  which 
reduced  the  error  to  a  minimum. 

In  removing  the  flies,  the  wire  screen  cover  was  removed  from  the 
top  of  the  emergence  cage  and  a  small  metal  cage  (pi.  9,  A)  was  put  in 
place.  A  black  tent  was  then  thrown  over  the  emergence  cage,  dark- 
ening the  interior,  but  leaving  the  small  metal  cage  at  the  top  exposed 
to  light.  After  15  to  20  minutes  the  flies  were  usually  congregated  in 
the  small  cage,  where  they  were  attracted  by  the  light.  A  metal  slide 
was  placed  in  the  bottom  of  the  small  metal  cage,  which  could  then 
be  removed  from  the  emergence  cage  without  danger  of  flies  escaping. 
In  some  cases,  especially  when  the  numbers  emerging  were  very  large, 
some  of  the  flies  were  slow  in  moving  into  the  small  metal  cage,  and  it 
was  often  necessary  to  place  the  small  cage  in  position  a  second 
time.  By  using  considerable  care,  it  was  found  possible  to  remove 
practically  all  of  the  flies  from  the  cages  even  during  periods  of  greatest 
emergence,  and  the  error  caused  by  flies  remaining  in  the  emergence 
cages  must  be  quite  small. 

During  the  seasons  of  1926  and  1927  the  flies  were  removed  alive 
from  the  small  cages.  This  was  quite  a  laborious  process  and  con- 
sumed much  time  when  emergence  was  heavy.  It  also  increased  the 
difficulty  of  determining  the  sex  of  the  flies.  During  the  season  of 
1928,  and  again  in  1929,  each  small  cage  containing  flies  from  an 
emergence  cage  was  placed  in  a  fumigation  box  containing  a  heavy 
charge  of  calcium  cyanide.  (PI.  9,  B.)  The  flies  were  killed  by  the 
gas  very  quickly,  after  which  it  was  a  simple  matter  to  make  the 
desired  counts.  The  number  of  emergence  cages  operated  and  the 
number  of  flies  obtained  each  season  are  shown  in  Table  2. 


Table  2. 


•Number  of  cages  operated  and  number  of  flies  obtained^   Washington 
County,    Me.,  1926-1929 


Year 

Cages 
operated 

Files 
obtained 

1926 

23 
20 
19 
19 

3,442 

31,072 

2,718 

3,203 

1927           

1928 

1929 

Total 

81 

40,435 

The  most  striking  characteristic  of  the  emergence  of  the  blueberry 
flies  in  eastern  Maine  is  the  short  time  during  which  so  large  a  per- 
centage of  the  flies  emerge.  The  first  emergence  normally  occurs 
during  the  last  few  days  of  June  or  the  first  week  of  July.  The 
earliest  date  upon  which  a  fly  was  noticed  in  the  cages  was  m  1927, 
when  one  fly  was  observed  on  June  20.  Emergence  begins  to  in- 
crease decidedly  during  the  first  10  days  of  July,  after  which  it 
becomes  very  rapid.  The  peak  of  emergence  is  reached  during  the 
middle  of  the  month,  and  by  the  first  of  August  from  97  to  99  per 
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cent  of  the  flies  had  emerged,  during  eacli  year  in  which  observations 
were  made.  After  August  1,  a  few  flies  continue  to  emerge  until 
late  in  the  season.  The  emergence  records  for  the  four  years  covered 
by  the  studies  are  summarized  in  Table  3. 

Table  3. — Comparison    of  emergence    records    of  flies    of  the    blueberry   maggot, 
Washington  County,  Me.,  1926-1929 


Year 

Date  of 
first 
emer- 
gence 

Datas  upon  which  the  accumulated  emergence  of  flies  had  reached  the 
specified  percentages  of  the  total  emergence 

Date  of 

last 

10  per  cent 

25  per  cent 

50  per  cent 

75  per  cent 

90  per  cent 

95  per  cent 

gence 

1926 

1927 

1928 

1929 - 

July    5 
June  20 
July     2 
June  28 

July  11— - 
July  8-9... 
July  9-10.. 
July  7-8... 

July  13-14. 
July  11.— 
July  11-12- 
July  10-11. 

July  17-18. 
July  14.... 

July  15 

July  12-13- 

July  21.... 
July  17-18. 
July  17.... 
July  15-16. 

July  24-25. 
July  20-21. 

...do 

July  18-... 

July  26-27. 
July  24-25. 
July  23.... 
July  26.... 

Sept.  8. 
Sept.  9. 
Aug.  17. 
Sept.  24. 

Figure  7.— Accumulative  emergence  of  blueberry -maggot  flies,  Cherryfield,  Me.,  1926,1927,1928, 1929 

The  variation  in  emergence  dates  from  one  season  to  the  next 
has  proved  to  be  much  less  than  was  expected.  This  close  uni- 
formity is  shown  graphically  in  Figure  7.  The  curves  plotted  on 
tliis  chart  show  that  the  extreme  differences  in  emergence  during 
the  four  years  of  this  study  are  a  matter  of  only  a  few  days.     This 
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Plate  9 


Apparatus  for  Removing  and  Killing  Flies 

A,  Small  cage  used  for  removing  flics  from  the  emergence  cage.  The  emergence  cage  is 
covered  with  a  black  tent;  B,  small  fumigation  chamber  for  killing  flies  from  the  emer- 
gence cages. 
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agrees  with  Brittain's  (2)  observations  on  the  emergence  of  the  apple 
maggot  in  Nova  Scotia.  In  commenting  upon  the  emergence  of  the 
flies  he  states:  ''It  is  evident  that  whatever  the  difference  in  the 
early  spring — whether  the  season  is  early  or  late — the  time  of  emer- 
gence of  the  apple  maggot  is  approximately  the  same." 

If  they  are  found  to  hold  true  during  a  large  percentage  of  seasons, 
this  apparent  constancy  of  the  dates  of  emergence  and  the  shortness 
of  the  emergence  period  ^\dll  be  of  great  importance  from  the  stand- 
point of  control.     The  fact  that  the  flies  emerge  so  nearly  in  accord- 


oo/vs 


s:eprf/ra£a 


Figure  8.— Effect  of  time  of  pupation  upon  emergence  of  blueberry  flies.  Cherry- 
field,  Me.,  1927.  Flies  emerging  in  cage  A  were  from  pupae  formed  by  larvae 
entering  the  soil  between  August  24  and  September  10,  1926;  those  in  cage  B 
were  from  pupae  formed  by  larvae  entering  between  September  10  and 
October  20,  192(i 

ance  with  calendar  dates  greatly  facihtates  the  timing  of  the  schedule 
of  dust  applications  for  combating  the  insect,  and  the  short  duration 
of  the  emergence  period  reduces  to  a  minimum  the  number  of  dust 
apphcations  necessary  for  effective  control. 

EFFECT  OF  TIME  OF  PUPATION  UPON  EMERGENCE  OF  ADULTS 

In  the  fall  of  1926  a  de\dce  (pi.  7,  B)  was  constructed  which  per- 
mitted placing  a  large  quantity  of  heavily  infested  blueberries  over 
a  single  pupation  plot.     This  device  with  4  bushels  of  blueberries 

74544°— 32 2 
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was  placed  on  plot  A  on  August  24,  1926.  On  September  10  the 
apparatus  with  the  blueberries  was  moved  to  plot  B,  where  it  was 
allowed  to  stay  until  October  20.  Plot  A  therefore  contained  a 
large  number  of  pupae,  the  larvae  of  which  had  entered  the  soil 
between  August  24  and  September  10.  Plot  B  contained  pupae 
formed  by  larvae  which  entered  the  soil  between  September  10  and 
October  20.  During  the  season  of  1927  a  total  of  3,937  flies  emerged 
from  plot  A  and  4,674  from  plot  B.  The  emergence  records  from 
the  two  plots  during  the  season  of  1927  are  summarized  in  Table  4. 
Contrary  to  expectation,  the  emergence  from  plot  B  was  from  two 
to  four  days  earlier  than  the  emergence  from  plot  A.  The  emer- 
gence from  these  two  plots  is  illustrated  graphically  in  Figure  8. 

Table  4. — Effect  of  time  of  pupation  upon  date  of  emergence  of  adults^  Washington 

County,  Me.,  1927 


Period  of 
pupation 

Date  of 
first 
emer- 
gence 

Dates  upon  which  the  accumulatede  mergence  of  flies  had  reached  the 
specified  percentages  of  the  total  emergence 

Date  of 
last 

1 

10  per 
cent 

25  per  cent 

50  per  cent 

75  per  cent 

90  per  cent 

95  per  cent 

emer- 
gence 

A 
B 

1926 
Aug.  24- 
Sept.  10. 
Sept.  10- 
Oct.  20. 

June  20 
June  28 

July  9— 
July  5— 

July  11-12. 
July  8-9... 

July  13-14. 
July  10-11. 

July  15-16. 
July  13-14. 

July  18-19. 
July  16-17- 

July  20-21. 
July  18-19- 

Aug.  18. 
Sept.  9. 

PROPORTION  OF  THE  SEXES 

During  the  seasons  of  1928  and  1929  a  careful  record  was  kept  of 
the  sex  of  all  flies  removed  from  the  emergence  cages,  except  for  an 
insignificantly  small  number  which  escaped  observation.  The 
records  for  the  two  seasons  are  summarized  in  Table  5.  It  is  prob- 
able that  on  an  average  the  proportion  of  males  to  females  is  about 
equal.  The  emergence  from  all  cages  in  1928  was  45.44  per  cent 
female;  in  1929  it  was  56.53  per  cent  female.  The  flies  emerging 
during  the  second  and  subsequent  seasons  showed  about  the  same 
ratio  of  males  to  females  as  did  the  flies  issuing  during  the  first  season 
after  pupation.  The  sexes  were  about  equal  in  the  emergence  cages, 
but  in  the  field  usually  the  males  were  observed  to  outnumber  the 
females.  Caesar  and  Ross  {5),  working  with  the  apple  maggot, 
found  an  excess  of  females  in  the  emergence  cages,  while  in  the 
orchard  more  males  than  females  were  observed. 

Table  5. — Proportion  of  sexes  of  blueberry  flies  emerging  from  all  cages  observed 

during  1928  and  1929 


Emergence  during  1928 

Emergence  during  1929 

Year  of  pupation 

Males 

Females 

Total 

Percent- 
age of 
females 

Males 

Females 

Total 

Percent- 
age of 
females 

1928 

1,254 

68 

67 

3 

1,689 
61 
57 
3 

2,943 

129 

124 

6 

57  39 

1927.--  . 

623 

831 

29 

570 
634 
31 

1, 193 

1,465 

60 

47.  78 
43.28 
51.67 

47  29 

1926 

45  97 

1925. 

50  00 

Total 

1,483 

1,235 

2,718 

1  45.  44 

1,392 

1,810 

3,202 

I  66  53 

'  Percentage  of  the  t 

otal. 

• 
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EMERGENCE  DURING  THE  SECOND,  THIRD,  AND  FOURTH  SUMMERS 

AFTER  PUPATION 

A  number  of  workers  reporting  upon  the  biology  of  the  apple 
maggot  have  recorded  the  fact  that  a  certain  percentage  of  the  pupae 
will  remain  quiescent  in  the  soil  until  the  second  summer  after  pu- 
pation, when  the  adults  emerge.  In  order  to  obtain  information 
regarding  the  extent  to  which  the  blueberry  form  of  this  insect  may 
delay  emergence  to  the  second  and  subsequent  seasons  after  pupation, 
emergence  cages  were  placed  on  several  of  the  plots  during  successive 
seasons. 

Each  spring,  before  the  cages  were  placed  on  any  of  the  emergence 
plots,  the  blueberry  blossoms  were  carefullj^  removed  from  each  plot, 
so  that  no  fruit  was  produced  in  the  cage  during  the  emergence 
period.  The  cages  were  exaniined  once  or  t\nce,  subsequently,  for 
berries,  to  make  sure  that  the  removal  had  been  complete.  Tliis 
prevented  the  possibihty  of  maggots  developing  within  the  emergence 
cages.  In  the  routine  of  removing  the  flies  from  the  cages,  the  berries 
were  trampled  from  the  bushes  surrounding  the  cages,  and  the  soil 
w^as  packed  hard  for  a  distance  of  4  to  6  feet  about  each  cage.  It 
seems  exceedingly  unUkely  that  any  maggots  migrated  into  the 
cages  from  the  outside. 

The  first  pupation  plots  were  established  in  1925,  and  emergence 
records  were  maintained  on  four  of  the  plots.  During  each  of  the 
four  seasons  after  the  plots  were  established,  fUes  in  diminishing 
numbers  were  observed  to  emerge.  Eight  pupation  plots  estabUshed 
in  1926  were  observed  for  emergence  during  1927,  1928,  and  1929; 
and  two  plots  established  in  1927  were  observed  during  1928  and 
1929.  The  data  obtained  from  these  plots  are  summarized  in  Tables 
6,  7,  and  8.  ''Second  season"  flies  issuing  during  1927,  1928,  and 
1929  represented  19.68  per  cent,  7.11  per  cent,  and  11.97  per  cent, 
respectively,  of  the  emergence  during  the  fii'st  season. 

Table  6. — Summary  of  the  records  of  emergence  of  flies  during  four  years  in  four 
cages  covering  pupae  formed  in  1925 


Year 

Emergence 

Percentage 

of  1926 
emergence 

1926 

1,113 

219 

60 

6 

1927.. 

19.68 

1928        .  .                                                                     ..... 

5.39 

1929 

.54 

Total 

1,398 

Table  7. 


-Summary  of  the  records  of  emergence  of  flies  during  three  years  in  eight 
cages  covering  pupae  formed  in  1926 


Year 

Emergence 

Percentage 

of  1927 
emergence 

1927 

20,  607 

1,466 

124 

1928 

7.11 

1929 

.60 

Total... 

22, 197 

20 
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Table  8. — Summary  of  the  records  of  emergence  of  flies  during  two  years  in  two 
cages  covering  pupae  formed  in  1927 


Year 

Emergence 

Percentage  of  1928  emergence 

Male 

Female 

Total 

Male 

Female 

Total 

1928 - 

571 
68 

507 
61 

1,078 
129 

1929 

11.91 

12.03 

11  97 

Total -- — - 

639 

568 

1,207 

The  capacity  of  the  species  to  carry  over  in  the  soil  for  two  or 
more  seasons  has  an  important  bearing  upon  the  bkieberry-maggot 
problem.     The  ability  to  lie  dormant  in  the  soil  during  the  summer 

following  burning  of  the 
blueberry  land,  and  to 
emerge  in  time  for  the 
first  blueberry  crop,  un- 
doubtedly hastens  the 
reinfestation  of  the  new 
crop  of  berries  after 
burning.  Were  it  not  for 
this  factor,  burning  the 
blueberry  land  would 
probably  be  much  more 
effective  in  reducing  in- 
festation by  the  maggot 
than  has  proved  to  be  the 
case. 

TIME  OF  EMERGENCE  OF 
CARRY-OVER  FLIES 

The  flies  emerging  from 
land  bearing  the  first  crop 
of  berries  following  a 
burn  consist  almost  en- 
tirely of  individuals 
vfhich  have  carried  over  in 
the  soil  for  two  winters. 
It  is  therefore  impor- 
tant to  know  if  the  emer- 
gence of  the  carry-over 
flies  coincides  with  the 
emergence  of  flies  which 
have  hibernated  only  one 
winter. 

During  only  one  season 
were  carry-over  flies 
secured  in  sufficient  num- 
bers to  give  a  reliable  indication  of  the  dates  of  emergence.  ^  Dur- 
ing 1928  1,466  flies  emerged  from  pupae  which  had  formed  in  the 
soil  in  1926.  The  emergence  curve  of  the  carry-over  flies,  as  com- 
pared with  the  regidar  emergence  of  1928,  is  shown  in  Figure  9. 
The  carry-over  fhes  emerged  about  four  to  six  days  later  than  the 
flies  wliich  had  spent  only  one  winter  in  the  soil. 
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Figure  9.— Comparative  dates  of  emergence  (during  1928)  of 
flies  which  had  hibernated  one  winter  and  those  which  had 
hibernated  two  winters.  Curve  of  emergence  from  pupae 
formed  in  1926  is  based  upon  records  of  1,466  flies;  curve  of 
emergence  from  pupae  formed  in  1927  is  based  upon  records 
of  1,113  flies 
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Porter  (13)  found  that  the  apple-maggot  flies  emerged  mostly 
during  the  daylight  hours.  In  order  to  determine  the  time  of  day 
that  the  blueberry  flies  appear,  observations  were  made  on  two  cages 
at  Cherryfield,  during  a  period  of  24  hours.  At  5  p.  m.,  and  again  at 
9  p.  m.,  July  16,  1929,  all  the  flies  were  carefully  removed  from  the 
two  cages.  At  3  o'clock  the  next  morning  the  flies  which  had  emerged 
during  the  night  were  collected,  and  the  cages  were  removed  from 
their  foundations.  Constant  watch  was  maintained,  and  the  flies 
were  captured  as  soon  as  they  emerged  from  the  soil.  The  records 
obtained  are  shown  in  Table  9.  The  hea^dest  emergence  occurred 
between  7  and  10  a.  m.  Emergence  was  less  in  the  afternoon,  and 
only  one  fly  emerged  between  9  p.  m.  and  3  a.  m. 


Figure  10.— Glass-front  box  for  observing  blueberry  flies  during 
process  of  emerging  through  sand 


Table  9.- 

—Emergence  of  flies  in  two  cages  during  a 

-period  oj  24  hours 

Time 

Number  of  flies  emerged 

Time 

Number  of  flies  emerged 

Males 

Females 

Total 

Males 

Females 

Total 

5  to  9  p.m.. 

4 
1 
0 
fi 
2 
1 
4 
9 
16 

2 
0 
0 

I 

3 

r. 

s 

6 
1 
0 
14 
5 
4 
11 
15 
24 

10  to  11... 

0 
3 
3 

1 
2 
1 
0 

2 
2 
3 

1 
1 
1 
1 

2 

9  p.  m.  to  3  a.  m 

11  to  12  noon 

5 

3  to  4  a.  m.   .   

6 

4  to  5- 

1  to  2 

2 

5  to  6 

2  to  3 

3 

6  to  7-— 

3  to  4 

2 

7  to  S 

4  to  5 

1 

8  to  9 

Total 

9  to  10 

56 

45 

101 

DETAILED  OBSERVATIONS  ON  EMERGENCE 

When  the  fly  is  ready  to  emerge,  the  anterior  end  of  the  puparium  is 
burst  along  the  sutural  lines.  When  the  insect  creeps  out  of  the 
puparium,  the  wings  are  not  expanded,  and  the  integument  of  the 
body  is  soft  and  nonpigmented.  For  the  purpose  of  observing  the 
process  of  emerging,  a  glass-front  observation  box  (fig.  10)  was  con- 
structed, in  which  puparia  were  buried  at  depths  varying  from  1  to  4 
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inches.    The  insects  appeared  to  have  no  difficulty  in  emerging  through 
sand  or  peaty  loam  from  a  depth  of  4  inches. 

A  number  of  flies  were  observed  during  the  journey  upward  through 
the  soil.    The  trails  of  several  flies  are  shown  in  Figure  11. 
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Figure  11.— Routes  taken  by  blueberry  fl 
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es  emerging  through  sand.  The  arrows  indicate  the  direc- 
ion  of  the  light 


The  rate  at  which  the  flies  moved  through  the  sand  varied  consider- 
ably with  different  individuals.  In  one  instance,  in  which  the  fly 
moved  almost  steadily  upward  in  a  straight  line  from  a  depth  of  4 
inches,  the  insect  was  observed  to  climb  upward  3  inches  in  14  min- 
utes. Another  individual,  ascending  from  the  same  depth,  was  ob- 
served to  occupy  70  minutes  in  moving  upward  3 
inches. 

During  the  process  of  emerging,  the  flies  work 
their  way  through  the  soil  by  elongating  and  con- 
tracting the  body.  The  bladderlike  ptilinum  is 
almost  continually  expanded  and  contracted. 
(Fig.  12.)  When  deflated,  this  structure  seems 
capable  of  a  slight  lateral  movement.  The  func- 
tion of  the  ptilinum  seems  to  be  to  clear  a  way  for 
the  insect,  but  actual  progress  is  apparently  made 
mostly  by  the  body  movements.  Probably  the 
bristles  of  the  thorax  and  abdomen  are  impor- 
tant in  helping  the  insect  upward.  The  legs  are 
carried  in  a  passive  posture,  extending  along  the 
ventral  surface  of  the  abdomen,  and  they  appear 
to  take  little  or  no  part  in  propelling  the  insect, 
except  to  prevent  a  backward  movement. 

The  path  of  the  insect  is  often  tortuous.  Prog- 
ress is,  of  course,  in  a  generally  upward  direction,  but  the  movement 
is  at  times  horizontal,  or  even  downward  for  short  distances. 

The  emerging  fly  seems  to  be  activated  mainly  by  the  stimulus  of 
negative  geotropism.  However,  the  insect  seems  to  show  also  a  posi- 
tive phototropism,  and  the  course  of  an  ascending  fly  may  be  modified 


Figure  12.— A,  Emerging 
blueberry  fly  with  ptili- 
num inflated;  B,  appear- 
ance of  ptflinum  in  differ- 
ent stages  (1  to  5)  of  infla- 
tion.   X  18 
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by  moving  the  observation  box  so  that  the  light  falls  first  from  one 
side,  then  from  the  other.     (Fig.  11.) 

When  the  fly  reaches  the  surface  of  the  soil,  it  can  crawl  rapidly, 
but  is  unable  to  fly  because  the  wings  are  not  yet  expanded.^  The 
following  records  were  made  of  two  ifies  which  were  observed  in  the 
laboratory. 

Fly  No.  1  June  5, 1928 

10.29  a.  m.     Emerged  from  the  soil. 

11.06  Apparently  fully  expanded  but  not  hardened. 

11.28  Insect  not  yet' fully  colored.      Did  not  fly  when  disturbed,  but 

moved  to  another  leaf. 

11.44  Not  yet  fully  colored.     Wings  whitish  and  not  transparent;  veins 

not  colored. 
11.55  Color  seems  to  be  increasing  more  rapidly. 

12.08  p.  m.     Insect  nearly  fully  colored. 

12.45  Insect  fully  colored.     Flew  to  window. 

Fly  No.  2  *  June  9, 1928 

9.16  a.  m.  Emerged  from  the  soil. 

9.36  Wings  elongated  nearly  full  length,  still  shrunken  at  the  apex. 

9.46  Wings  fully  expanded. 

9.52  Wings  becoming  transparent.     Body  still  lacks  color. 

10.50  Fly  fully  colored,  capable  of  flight. 

HABITS  OF  THE  ADULTS 

The  behavior  of  the  flies  in  the  field  may  be  studied  only  by  careful 
observation.  The  adult  is  shy  and  restless;  it  appears  suspicious  of  all 
other  creatures,  and  any  moving  body  attracts  immediate  attention. 
The  fly  orients  itself  to  face  any  moving  object  and  can  be  induced  to 
execute  a  turn  by  slowly  moving  the  hand  in  a  circle  with  the  fly  at 
the  center. 

The  flies  have  never  been  observed  in  great  numbers  in  the  field. 
Their  "suspicious"  nature  seems  to  induce  them  to  lead  a  solitary 
existence.  Only  during  periods  of  copulation  have  two  individuals 
been  observed  together.  At  other  times  each  fly  remains  by  itself  and 
seems  constantly  on  guard  to  avoid  all  other  moving  creatures. 

The  flies  move  by  short,  quick  darts  from  leaf  to  leaf  or  from  one 
plant  to  another,  and  have  seldom  been  observed  to  make  a  nonstop 
flight  of  more  than  a  few  inches.  On  this  point  there  is  some  room  for 
uncertainty,  however,  for  the  fly  is  so  quick  in  action  and  so  swift  in 
flight  that  it  vanishes  the  instant  it  takes  wing.  Upon  alighting,  the 
insect  suddenly  reappears.  As  Patch  and  Woods  (11)  so  aptly  state: 
''The  adults  suddenly  appear  on  the  berries  seemingly  as  if  they  had 
just  sprung  into  existence     *     *     *" 

In  captivity  the  flies  do  not  react  normally,  and  it  seems  that  ob- 
servation of  the  flies  confined  in  cages  has  little  value  as  an  index  to 
their  behavior  in  the  field. 

The  blueberry  fly  feeds  in  a  manner  similar  to  the  house  fly.  In 
the  field  the  flies  may  be  observed  frequently  lapping  moisture  or 
particles  from  the  blueberry  foliage.  If  approached  with  due  caution, 
the  fly  may  be  induced  to  feed  upon  a  finger  moistened  with  saliva 
or  with  the  juice  of  a  crushed  blueberry.  While  feeding  upon  a  finger, 
the  fly  seems  to  lose  much  of  its  shyness,  and  will  usually  remain  for 
a  minute  or  two,  during  which  time  it  may  be  observed  closely. 

The  feeding  habit  of  the  fly  is  of  course  important  from  the  stand- 
point of  control,  for  in  promiscuously  feeding  over  the  surface  of  foliage 
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dusted  with  calcium  arsenate  the  fly  is  likely  to  consume  a  fatal  quan- 
tity of  the  arsenic. 

The  flies  seem  inclined  to  frequent  clumps  of  sweet  fern,  especially 
about  the  bases  of  birch  or  alder  sprouts  on  the  blueberry  land.  The 
effect  of  this  habit  is  reflected  in  a  higher  average  infestation  of  the 
berries  growing  in  such  locations,  as  compared  with  that  of  berries 
from  open  spaces  on  the  blueberry  land.  The  difference  in  infestation 
of  berries  from  open  spaces  and  from  bushy  areas  is  shown  in  Table  10. 

Table  10. — Difference  in  injestation  of  berries  from  hushy  areas  and  from  open 

spaces,  1927 


Number 
of  100- 
berry 

samples 

from  each 

class 

Maggots  per  100 
berries— 

Plot 

Number 

of  100- 

berry 

samples 

from  each 

class 

Maggots  per  100 
berries— 

Plot 

In  sam- 
ples from 
open 
spaces 

In  sam- 
ples from 
bushy 
areas 

In  sam- 
ples from 
open 
spaces 

In  sam- 
ples from 
bushy 
areas 

1 

10 
24 
50 
20 

4.20 
1.15 
5.10 
3.50 

7.40 

1.45 

11.88 

11.55 

50 
20 

2.43 
.35 

7  52 

2 

6 

1  50 

3 

4-. 

2.79 

6.88 

LONGEVITY  AND   OCCURRENCE   OF  FLIES  IN  THE  FIELD 

METHODS  OF  STUDY  AND  FIELD  COUNTS 

To  ascertain  the  seasonal  fluctuations  of  the  fly  population  in  the 
field,  a  method  was  devised  which  appears  to  have  given  fairly  satis- 
factory results.  Five  light  counting  frames  were  constructed  (pi. 
10,  A),  each  of  which  inclosed  an  area  of  approximately  one  ten- 
thousandth  of  an  acre,  for  making  quantitative  determinations  of  the 
flies  in  the  field.  In  the  summer  of  1927  observations  were  made  on 
plot  No.  2.  Ten  counting  areas,  each  100  feet  square,  were  laid  off 
in  the  check  area  of  this  plot,  and  10  in  the  treated  area  (for  details  of 
treatment  applied  see  plot  2,  Table  23).  Five  men  experienced  in 
observing  the  flies  in  the  field  were  employed  in  making  the  coimts. 
Each  man  was  equipped  with  a  counting  frame,  and,  preparatory  to 
making  an  observation,  each  selected  within  the  first  counting  area 
a  place  which  looked  especially  favorable  for  finding  flies.  It  seemed 
desirable  in  each  case  to  select  places  especially  favorable  for  the 
flies.  By  so  doing,  larger  numbers  of  flies  were  observed.  Since  the 
observers  were  more  likely  to  overlook  flies  than  to  report  more  flies 
than  were  actually  present,  it  was  thought  that  counts  made  in 
especially  favorable  spots  would  give  a  more  accurate  estimate  of  the 
fly  population  than  similar  counts  made  in  supposedly  average 
locations.  As  soon  as  each  man  had  set  down  his  counting  frame  in  a 
location  suitable  for  counting,  a  signal  was  given,  and  for  a  period  of 
two  minutes  the  area  included  within  the  counting  frame  was  studied 
intently  in  a  search  for  flies.  At  the  expiration  of  two  minutes 
another  signal  was  given,  and  the  number  of  flies  found  in  that  area 
was  recorded.  Whenever  it  was  possible  to  do  so,  the  sex  of  the  flies 
was  noted.  After  some  experience,  observers  could  usually  determine 
the  sex  of  the  flies,  but  this  was  not  always  the  case,  and  the  counts 
obtained  are  not  strictly  accurate  in  this  respect. 
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Apparatus  Used  in  Counting  Flies  and  Berries 

A,  Making  a  field  count  of  blueberry  flies  by  means  of  a  counting  frame;  B,  counting  board  used  for 
counting  samples  of  blueberries  from  experimental  plots. 
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As  soon  as  the  number  of  flies  had  been  recorded,  the  frame  was 
picked  lip,  moved  to  another  location  in  the  same  count  area,  and  at 
the  signal  the  second  area  included  within  the  limits  of  the  counting 
frame  was  searched  for  flies  for  a  period  of  two  minutes.  After  the 
results  of  the  second  count  on  the  first  area  had  been  recorded,  the 
men  moved  to  the  second  100-foot  square,  where  the  process  was 
repeated;  two  counts  being  made  by  each  man  in  each  of  the  count 
areas.  When  counts  had  been  made  in  all  of  the  areas,  a  total  of  100 
counts  had  been  secured  from  the  check  plot  and  100  for  the  dusted 
plot,  x^s  the  area  of  each  count  was  one  ten-thousandth  of  an  acre, 
a  total  area  of  one  one-hundredth  of  an  acre  had  been  examined  in 
the  check  plot  and  an  equal  area  in  the  treated  plot  when  all  of  the 
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Figure  13.— Field  plot  laid  off  for  biological  studies  of  tlie  blueberry  maggot,  Cherryfield,  Me.,  1S29. 
I  to  XX,  areas  in  which  fly  counts  were  made;  1  to  100,  plots  from  which  samples  of  berries  were 
taken  for  studies  of  maggot  population;  the  small  black  squares  indicat-e  40  areas  upon  which  the 
percentage  of  ripe  berries  was  determined  throughout  the  season 

counts  were  completed.  Hence  the  total  number  of  flies  found  on 
the  check  plot  or  on  the  treated  plot  multipHed  by  100  represented 
the  number  of  flies  present  per  acre. 

Similar  counts  were  made  in  the  check  area  and  in  the  treated  area 
of  plot  1  G  during  the  season  of  1928  (for  details  of  treatment  applied 
see  plot  1  G,  Table  28).  During  the  summer  of  1929  similar  observa- 
tions were  made  on  the  check  area  of  this  same  plot,  but  counts  were 
not  made  in  the  treated  area  during  that  season.  Twenty  count 
areas,  each  50  by  100  feet  in  size,  were  laid  off.  (Fig.  13.)  This 
gave  a  total  of  200  counts  on  untreated  land,  and  increased  the 
accuracy  of  the  counts  made  on  this  area. 

The  results  of  these  counts  for  the  three  years  are  indicated  in 
Tables  11,  12,  and  13.     The  counts  made  on  plot  2  in  1927  were  made 
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on  land  bearing  the  second  crop  of  berries  after  burning.  The  counts 
made  on  plot  1  G  in  1928  were  on  land  bearing  the  first  crop  of  berries 
after  the  land  was  burned  over,  and  the  counts  made  on  this  same 
area  in  1929  were  on  land  bearing  the  second  crop  after  burning. 


Table  11. 

— Numbers  of  flies  per  acre  as  shown  by  field  counts 

on  plot  ^,1   1927 

Date 

Estimated  number  of 
flies  per  acre 

Check  plot 

Treated 
plot 

July  28  2 

' 

7,400 

3,700 

500 

100 

4,200 
100 

Aug.  3 -- -- 

Aug.  16 - --- 

200 

Aug.  26 - - 

200 

1  For  data  concerning  applications  of  calcium  arsenate  on  this  plot  see  Table  23. 

2  On  July  28,  60  counts  were  made  on  the  check  plot  and  50  on  the  treated  plot;  100  counts  were  made  on 
the  check  plot  and  100  on  the  treated  plot  on  all  other  dates. 

Table  12. — Numbers  oj  fl,ies  per  acre  as  shown  by  field  counts  on  plot  1  G,^  1928 


Date* 


July  13. 
July  18. 
July  24. 
July  31. 
Aug.  4. 
Aug.  13 
Aug.  29 


Estimated  number  of  flies  per  acre 


Check  plot 


Males 


0 
400 
1,200 
500 
600 
300 
200 


Females 


0 
100 
400 
000 

0 
100 

0 


Undeter- 
mined 


0 
300 


600 
0 
0 
0 


Total 


Treated  plot 


Males 


0 
0 
100 
0 
0 
0 
0 


Females 


0 
0 
200 
0 
0 
0 
0 


Undeter- 
mined 


Total 


1  For  data  concerning  applications  of  calcium  arsenate  on  this  plot  see  Table  28. 

2  One  hundred  counts  were  made  on  the  check  plot  and  a  like  number  on  the  treated  plot  on  each  date 
indicated. 


Table  13. — Numbers  of  files  per  acre  as  estimated  from  field  counts  on  experi- 
mental plot,  1929 


Datei 


Julys.. 
July  9.. 
July  11. 
July  12. 
July  22. 
July  23. 
July  29. 
July  30. 
Aug.  6. 
Aug.  7. 
Aug.  13 
Aug.  14 
Aug.  21 
Aug.  23 
Aug.  27 
Aug.  28 


Estimated  number  of  flies  per  acre 

Sex  un- 

Males 

Females 

deter- 
mined 

Total 

50 

200 

0 

250 

100 

.50 

0 

150 

100 

300 

0 

400 

300 

300 

50 

650 

2,850 

1,100 

600 

4,550 

2,800 

1,800 

350 

4,  950 

2,400 

1,950 

650 

5,000 

2,600 

1,400 

350 

4,350 

1,050 

900 

150 

2,100 

1,700 

300 

50 

2,050 

1,050 

300 

0 

1,350 

750 

600 

0 

1,350 

400 

150 

0 

650 

350 

100 

50 

500 

150 

50 

0 

200 

100 

100 

0 

200 

1 

Average 

of  counts 

on  two 

days 


200 
525 
750 
675 
075 
350 
525 
200 


J  Two  hundred  counts  were  made  on  each  date  indicated.    All  counts  were  made  on  land  that  had  not 
been  dusted;  no  coimts  were  made  on  dusted  land  this  season. 
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In  interpreting  the  results  of  the  population  studies  it  was  found 
possible  to  correlate  the  numbers  of  flies  found  in  the  field  with  the 
records  obtained  from  the  emergence  cages.  It  was  assumed  that 
emergence  on  the  areas  on  which  the  field  counts  were  made  was 
very  similar  to  the  emergence  in  the  cages.  This  assumption  was 
probably  correct,  for  plot  2,  on  which  field  counts  were  made  in  1927, 
is  located  within  2  miles  of  the  emergence-cage  plot  and  is  on  land 
fairly  similar  to  that  on  which  the  emergence  cages  were  located. 
There  can  be  little  question  about  the  emergence  on  plot  1  G  being 
comparable  to  the  emergence  in  the  emergence  cages,  for  the  field 
counts  on  this  area  were  taken  within  a  few  hundred  feet  of  the 
emergence  cages. 

If  the  numbers  of  flies  per  acre,  as  shown  by  the  field  counts  during 
the  years  1927,  1928,  and  1929  be  plotted,  it  will  be  noticed  that  the 
number  of  flies  found  in  the  field  increases  as  emergence  progresses. 
Later,  as  emergence  declines  and  the  rate  of  mortality  increases,  the 
number  of  flies  in  the  field  decreases.  This  suggested  the  possibility 
of  making  a  chart  by  superimposing  the  data  from  the  field  counts 
upon  the  emergence  curves. 

To  do  this,  the  emergence  curve  for  each  season  was  first  plotted. 
It  was  assumed  that  the  numbers  of  fhes  in  the  field  increased  in 
direct  proportion  to  the  accumulated  emergence  of  flies  and  there- 
fore the  increase  of  fly  population  follows  approximately  the  curve 
of  accumulated  emergence  for  a  period  equal  to  the  average  length 
of  life  of  the  flies  in  the  field.  After  the  flies  begin  to  die,  the  curve 
of  fly  population  falls  below  the  emergence  curve. 

The  theoretical  number  of  flies  present  in  the  field  on  any  date  may 
be  determined  by  ascertaining  the  total  percentage  of  accumulated 
emergence  on  that  date,  and  subtracting  from  that  number  the 
percentage  of  flies  that  have  died  by  that  date. 

This  may  be  expressed  by  the  formula: 

Flies  present  =  flies  emerged  — fhes  dead. 

This  entire  equation  is  expressed  in  terms  of  percentage  of  total 
emergence  for  the  season.  In  working  with  this  formula,  the  per- 
centage of  flies  emerged  is  determined  from  the  records  obtained 
from  the  emergence  cages.  The  percentage  of  flies  dead  on  any 
date  is  represented  by  the  percentage  of  flies  which  had  emerged  on 
a  date  preceding  the  given  date  by  a  number  of  davs  equal  to  the 
average  length  of  life  of  flies  in  the  field.  For  example,  to  determine 
the  percentage  of  flies  dead  on  August  6,  1929,  assuming  the  average 
length  of  life  to  be  24  days,  count  back  24  days,  to  July  13,  on  which 
date  58.89  per  cent  of  the  flies  had  emerged.  Theoretically  all  of 
these  fhes  would  be  dead  on  August  6,  and  should  be  subtracted  from 
the  percentage  of  fhes  emerged  on  August  6  (97.93)  to  obtain  the 
theoretical  percentage  of  fhes  present  (39.04)  on  this  date.  The 
theoretical  curve  of  occurrence  was  plotted  in  this  way  for  each 
season.     (Figs.  14,  15,  and  16.) 

Both  the  emergence  curve  and  the  curve  of  theoretical  occurrence, 
as  discussed  above,  are  computed  on  a  percentage  basis,  while  the 
records  of  the  field  counts  are  based  on  the  numbers  of  flies  per  acre. 
In  order  to  superimpose  one  of  these  series  of  records  upon  the  other, 
it  was  necessary  to  reduce  the  theoretical  curve  of  occurrence  and 
the  field  counts  to  a  common  basis.  The  curve  of  theoretical  occur- 
rence was  plotted  in  the  manner  described  above,  using  an  arbitrary 
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number  of  days  which  was  thought  to  approximate  quite  closely 
the  average  length  of  life  in  the  field.  A  cross  was  then  placed  on 
the  occurrence  curve  at  its  intersection  with  each  date  upon  which 
a  fly  count  was  made  in  the  field. 

Assuming  that  the  results  of  the  field  counts  are  most  nearly 
accurate  when  a  large  number  of  flies  are  present,  the  point  on  the 
emergence  curve  corresponding  with  the  largest  number  of  flies 
obtained  in  a  field  count  was  assumed  to  be  correct  and  to  represent 
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Figure  14.— Occurrence  of  blueberry  flies,  Cherryfield,  Me.,  1927.  Tho 
broken  line  represents  accumulative  emergence  for  1927;  the  solid  line 
indicates  theoretical  occurrence  of  flies;  crosses  indicate  results  of  field 
counts  of  the  fly  population 

the  number  of  flies  per  acre  indicated  by  the  fly  count  for  that  date. 
For  example,  the  point  of  intersection  of  the  population  curve  with 
July  22-23  for  the  season  of  1929  ^  was  assumed  to  represent  4,750 
flies  per  acre.  A  scale  was  then  constructed  by  marking  oft'  the  dis- 
tance from  this  point  to  the  base  of  the  chart  into  4,750  equal  divisions. 
This  scale  is  shown  on  the  right  of  the  chart.  (Fig.  IG.)  It  is  now 
possible  to  ascertain  whether  the  theoretical  occurrence  curve  and 


"  During  the  season  of  1929  field  counts  of  adults  were  made  twice  a  week,  usually  on  two  successive 
days.  In  plotting  the  curve  for  this  season  the  average  of  these  two  counts  was  used  and  was  placed  on 
the  curve  haK  way  between  the  dates  of  the  counts. 


BIOLOGY  AND  CONTROL  OF  THE  BLUEBEIIRY  MAGGOT 


29 


the  numbers  of  flies  observed  in  the  field  counts  (other  than  the  count 
assumed  to  be  correct)  coincide  properly.  If  the  records  from  the 
field  counts  are  found  to  lie  above  the  theoretical  curve  to  the  right 
of  the  peak,  the  average  length  of  life  of  the  flies  used  for  plotting 
the  occurrence  curve  is  not  long  enough.  If  the  records  from  the 
field  plots  lie  below  the  theoretical  curve  to  the  right  of  the  peak, 
the  length  of  life  assumed  in  plotting  the  occurrence  curve  is  too 
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Figure  15.— Occurrence  of  blueberry  flies,  Cherryfield,  Me.,  1928. 
The  broken  line  with  dots  represents  accumulative  emergence 
for  1928;  the  solid  line  with  dots  indicates  theoretical  occurrence 
of  flies;  broken  line  with  circles  indicates  theoretical  occurrence 
of  egg-laying  females.  (The  plot  used  in  1928  bore  the  first 
crop  of  berries  following  a  thorough  burn  in  1927,  therefore  the 
flies  emerging  on  this  land  had  pupated  in  1926;  hence  the  emer- 
gence curve  used  is  based  upon  the  emergence  of  flies  from  pupae 
formed  in  1926,  see  Fig.  9) 

long.  By  plotting  a  few  curves  of  occurrence,  each  based  on  a  dif- 
ferent average  length  of  life  of  adults  in  the  field,  a  curve  may  be 
found  which  fits  all  of  the  points  to  best  advantage.  It  may  then 
be  argued  that  the  assumed  average  length  of  life  indicates  approxi- 
mately the  correct  average  duration  of  life  of  the  flies  in  the  field, 
and  the  theoretical  curve  of  occurrence,  based  upon  this  average 
length  of  life,  gives  a  reasonably  accurate  picture  of  the  seasonal 
fluctuation  of  the  field  population  of  flies. 
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LONGEVITY  STUDIES 

It  was  determined,  by  the  method  outlined  above,  that  the  average 
duration  of  Ufe  of  the  flies  in  the  field  was  close  to  19  days  in  1927  and 
in  1928.  During  the  season  of  1929  the  average  Hfe  of  the  flies  (24  days) 
was  somewhat  longer  than  that  indicated  in  the  two  preceding  seasons. 

During  the  latter  part  of  the  season  the  length  of  Ufe  of  adults  in 
the  field  apparently  increases.  This  apparent  increased  duration  of 
life  late  in  the  season  is  indicated  on  the  charts  (figs.  14,  15,  and  16) 
by  the  fact  that  the  numbers  of  flies  m  the  field  after  the  middle  of 
August  usually  exceeded  the  theoretical  curve  by  a  considerable  num- 
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Figure  16.— Occurrence  of  blueberry  flies,  Cherryfield,  Me.,  1929.  The 
broken  line  with  dots  represents  accumulative  emergence  for  1929;  solid 
line  with  dots  indicates  theoretical  occurrence  of  flies;  broken  line  with  circles 
indicates  theoretical  occurrence  of  egg-laying  females 

ber.  This  is  paralleled  by  the  observations  on  the  apple-maggot  flies 
made  by  Porter  (-?5),  who  states:  "Apparently  on  account  of  the 
cooler  weather  in  the  fall  the  average  length  of  life  of  flies  of  the 
second  brood  was  greater  than  that  of  those  of  the  first  brood.'' 

It  seems  probable  that  there  is  an  actual  increase  in  the  average 
length  of  life  of  the  blueberry  flies  late  in  the  season,  as  indicated  on 
the  charts.  It  should  be  borne  in  mind,  however,  that  field  observa- 
tions of  this  nature  tend  to  be  influenced  by  minimum  quantities 
early  in  the  season,  and  by  maximum  quantities  late  in  the  season. 
It  is  probable,  therefore,  that  the  apparent  lengthening  of  the  life 
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of  the  flies  late  in  the  season  is  due  in  part  to  the  presence  of  the  com- 
paratively few  individuals  which  survive  for  an  abnormally  long  time 
and  which  tend  to  accumulate  toward  the  end  of  the  season. 

A  number  of  workers  have  attempted  to  determine  the  duration  of 
life  of  the  apple-maggot  flies  by  confining  them  in  cages  of  various 
kinds.  The  results  of  these  attempts  have  generally  proved  unsatis- 
factory because  of  the  abnormal  behavior  of  the  flies  in  captivity  and 
because  of  the  high  mortaHty  of  the  flies  under  artificial  conditions. 
Although  the  field  methods  used  in  the  present  study  are  subject  to 
certain  criticisms,  it  seems  evident  that  the  results  produced  are 
superior  to  those  obtained  by  confining  the  flies  in  cages.  This  con- 
clusion is  confirmed  by  the  results  of  previous  workers  in  studies  of 
the  apple  maggot  (O'Kane  (10),  Illingworth  (8),  Porter  (^5)),  as  well 
as  by  cage  studies  conducted  during  the  course  of  these  investigations 
with  the  blueberry  maggot. 

OCCURRENCE  OF  FLIES  IN  THE  FIELD 

The  charts  (figs.  14,  15,  and  16)  give  an  interesting  picture  of  the 
seasonal  fluctuation  of  the  blueberry  flies.  The  outstanding  features 
brought  out  by  these  studies  are  (1)  the  rapid  rise  of  the  fly  popula- 
tion m  the  field  as  emergence  progresses,  (2)  the  surprisingly  definite 
peak  of  abundance,  (3)  the  sharp  decline  after  the  peak  has  been 
passed,  and  (4)  the  rather  short  period  during  which  the  flies  are 
abundant  in  the  field. 

In  the  summer  of  1927  the  field  counts  were  not  begun  until  just 
after  the  flies  had  reached  the  peak  of  abundance,  so  that  it  was  not 
possible  to  trace  the  increase  of  flies  in  the  field  by  means  of  the  field 
counts.^  In  1928  the  field  counts  were  begun  early  in  the  season,  as 
shown  in  Figure  15.  The  rise  of  flies,  as  indicated  by  the  field  counts, 
coincided  very  closely  with  the  theoretical  increase  of  flies,  as  indicated 
by  the  emergence-cage  records.  The  field  count  made  on  August  3, 
1928,  falls  far  below  the  theoretical  number  of  flies  which  would  be 
expected  on  that  date,  but  the  count  made  on  August  13  falls  very 
close  to  the  theoretical  number.  The  discrepancy  on  August  3  is 
difficult  to  explain;  it  may  have  been  due  to  poor  weather  conditions 
for  counting,  to  inaccuracy,  or  to  an  unusuaUy  high  death  rate  among 
the  flies  as  a  result  of  heavy  rains. 

During  the  early  part  of  the  season  of  1929  the  fly  counts  in  the 
field  lagged  behind  the  theoretical  curve,  but  the  decline  in  the  num- 
bers of  flies  agrees  quite  closely  with  the  theoretical  curve. 

While  it  is  undoubtedly  unwise  to  accept  the  results  of  theoretical 
estimates  of  this  kind  as  being  strictly  accurate,  it  appears  that  this 
work  has  produced  results  about  as  truly  representative  of  conditions 
in  the  field  as  it  is  practicable  to  obtain  by  any  method  available. 
It  seems  probable  that,  as  a  whole,  the  picture  presented  by  these 
charts  approximates,  with  reasonable  accuracy,  the  conditions 
occurring  in  the  areas  under  observation. 

OVIPOSITION 

In  maldng  detailed  studies  of  R.  pomonella  as  an  apple  pest,  most 
workers  have  experienced  difficulty  in  observing  oviposition  by  the 
flies,  although  a  number  of  observations  of  oviposition  in  orchards 
ho-ve  been  reported.    Illingworth  (8)  seems  to  have  been  most  suct 
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cessful  in  inducing  the  flies  to  oviposit  in  captivity.  Patch  and  Woods 
(11)  observed  oviposition  by  a  bhieberry  fly  under  laboratory  con- 
ditions, and  recorded  a  description  of  the  process.  During  the  course 
of  these  investigations  of  the  blueberry  maggot,  oviposition  by  captive 
flies  has  been  observed  once  or  twice,  and  also  several  times  flies  in 
their  native  habitat  have  been  observed  in  the  act  of  oviposition. 
However,  observations  of  oviposition  have  been  too  few  to  provide  a 
satisfactory  basis  for  establishing  the  period  of  oviposition  or  for 
estimating  the  probable  abundance  of  eggs  in  the  field. 
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Figure  17.— Reproductive  system  of  the  newly  emerged  female  blueberry-maggot  flv:  A,  With 
ovipositor  retracted;  B,  with  ovipositor  extended,  gl  bd.  Glandular  bodies;  exf.  ret  m,  extensor- 
retractor  muscle  of  the  ovipositor;  ov,  ovaries:  ovid,  oviducts;  ovip,  ovipositor;  ovip  sh,  sheath  of 
ovispositor;  rect,  rectum;  ret  m,  retractor  muscle  of  the  ovipositor;  susp  m,  suspensory  muscle, 
holding  the  oviduct  in  place 

Illingworth  [8)  estimated  the  length  of  the  preoviposition  period 
of  the  apple-maggot  flies  by  determining  the  period  necessary  for  the 
development  of  the  ovaries.  By  dissecting  females  of  knov*^n  age  he 
was  able  to  trace  the  development  of  the  ovaries  and  to  determine 
approximately  when  e^g  laying  would  begin. 

Dissection  of  blueberry  flies  which  had  been  kept  in  captivity  in 
field  cages  and  in  the  laboratory  was  unsatisfactory.  The  ovaries  of 
captive  flies  had  made  no  development  even  when  the  flies  were  14 
days  old,  and  when  the  flies  were  dissected  the  ovaries  had  the  same 
appearance  as  those  from  newly  emerged  flios.  (Fig.  17.)  The  ovaries 
of  egg-laying  females  captured  in  the  field  sliowed  normal  develop- 
ment (fig.  18),  but  of  course  the  age  of  captured  flies  was  unknown. 

The  male  (fig.  19)  jorobably  matures  in  ample  time  for  fertilizing  the 
egg-laying  females. 
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Figure  18.— Ovaries  from  mature  blueberry-maggot  fly  captured 
in  the  field 


In  the  life-history  work  accomplished  during  the  seasons  of  1927, 
1928,  and  1929  it  was  noticed  that  the  first  eggs  appeared  in  the 
field  from  10  to  15  days  after  the  first  flies  emerged.  It  appears 
from  these  observations  that  the  average  preoviposition  period  is 
about  12  to  13  days, 
although  there  is  un- 
doubtedly some  fluc- 
tuation during  the 
course  of  the  season. 
The  length  of  the  ovi- 
position  period  of  the 
flies  varies  with  the 
length  of  the  preovi- 
position period  and  the 
total  length  of  life  of 
the  flies.  In  these 
studies  the  average 
duration  of  the  ovi- 
position  period  varied 
from  6  to  11  days. 

During  the  seasons 
of  1928  and  1929  accu- 
rate records  were  kept 
of  the  numbers  of  flies 
of  each  sex  emerging  in  the  cages.  By  plotting  a  curve  in  a  manner 
somewhat  similar  to  that  described  for  the  curve  showing  the  total 
number  of  flies,  the  occurrence  of  females  of  egg-laying  age  was 
estimated,  as  shown  in  Figures  15  and  16.  The  abundance  of  egg- 
laying  females  was  of  course  much  lower  than  the  total  number  of  flies 
j,^f,f  ,  occurring  in  the  field. 

The  peak  of  abun- 
dance of  egg-laying 
females  occurred 
somewhat  later  than 
the  peak  of  the  total 
fly  population. 

The  curve  indicat- 
ing the  theoretical 
population  of  egg- 
laying  females  shows 
characteristics  simi- 
lar to  the  curve  of 
the  total  fly  popula- 
tion. There  is  a 
rapid  increase  in  the 
gravid  females  as  the 
flies  reach  egg-laying 
age.  The  peak  is  fairly  definite,  and  is  followed  by  a  sharp  decline 
as  the  death  rate  increases. 

It  is  interesting  to  note  the  increased  abundance  of  females  of  egg- 
laying  age  during  the  season  of  1929  as  a  result  of  the  longer  average 
duration  of  life  of  the  flies  of  that  season.  The  peak  of  occurrence  of 
egg-laying  females  coincides  approximately  with  the  period  of  high- 
est rate  of  oviposition  in  the  field. 
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Figure  19.— Reproductive  system  of  the  male  blueberry-maggot  fly, 
ventrolatexal  view:  ac  gl,  Accessory  glands;  bl,  bladderlike  portion 
of  the  seminal  pump;  cl,  clasper;  mus  muscular  portion  of  the  seminal 
pump;  pen,  penis;  pi,  chitinous  rod  or  plunger  of  the  seminal  pump; 
reel,  rectum;  spd,  spermaduct;  test,  testes;    vd,  vas  deferens 
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STUDIES  OF  MAGGOT  POPULATIONS  AND  THE  INCUBA- 
TION PERIOD 

METHODS  OF  PROCEDURE 

Direct  observations  of  the  eggs  of  the  apple  maggot  to  determine  the 
length  of  the  incubation  period  have  been  made  by  several  workers. 
However,  owing  to  the  difficulty  of  obtaining  eggs  of  known  age  for 
observation,  the  number  of  records  is  small.  Moreover,  it  is  gener- 
ally reported  that  the  eggs  do  not  seem  to  behave  normally  under 
observation,  with  the  result  that  the  accuracy  of  the  observations  on 
this  point  is  more  or  less  in  question.  During  the  course  of  this  work 
a  limited  number  of  eggs  of  the  blueberry  maggot  were  dissected 
from  blueberries,  and  an  attempt  was  made  to  determine  the  incu- 
bation period  by  direct  observation.  Most  of  the  eggs  failed  to 
hatch.  A  few  records  were  obtained,  but  the  variation  was  so  great 
that  it  leads  to  the  belief  that  the  eggs  were  not  developing  normally. 
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Figure  20.— Activity  of  the  blueberry  maggot,  Cherryfleld,  Me.,  season  of  1928.  Fluctuations 
of  field  populations  of  eggs  and  maggots,  and  progress  of  pupation,  shown  in  relation  to  emergence 
of  flies.  The  first  flies  appeared  in  the  field  two  or  three  days  earlier  than  the  emergence  records 
indicate,  making  the  preoviposition  period  approximately  10  days 

The  most  satisfactory  information  which  these  investigations 
yielded  on  the  length  of  the  incubation  period  was  obtained  by  indi- 
rect methods  in  connection  with  studies  of  field  populations  of  mag- 
gots. Throughout  the  season  of  1928  and  again  in  1929  large  sam- 
ples of  berries  were  collected  periodically  in  the  field.  These  samples 
were  brought  into  the  laboratory  and  divided  as  accurately  as  possi- 
ble into  two  similar  series.  One  series,  representing  half  of  the  sam- 
ples, was  processed  immediately  to  determine  the  number  of  mag- 
gots present  per  100  berries.  The  other  series  was  retained  in  the 
laboratory  for  two  weeks  in  order  that  all  of  the  eggs  present  in  the 
berries  might  hatch.  At  the  end  of  two  weeks  the  berries  of  the  sec- 
ond series  were  processed  and  the  number  of  maggots  present  per  100 
berries  was  determined.  The  difference  between  the  number  of 
maggots  present  in  the  first  series  and  the  number  present  in  the 
second  series  was  assumed  to  be  the  nurnber  of  eggs  which  were  pres- 
ent at  the  time  that  the  berries  were  picked.  By  taking  such  sam- 
ples at  intervals  throughout  the  season,  it  was  possible  to  determine 
with  reasonable  accuracy  the  numbers  of  eggs  present  and  the  num- 
})ers  of  maggots  present  during  the  season.  The  results  of  these 
studies  are  given  in  Figures  20  and  21, 
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Methods  for  studying  the  field  populations  of  eggs  and  maggots 
were  developed  in  greatest  detail  during  the  summer  of  1929,  and  it 
seems  worth  while  to  describe  in  detail  the  procedure  followed  during 
that  season.  Beginning  just  prior  to  the  first  oviposition  of  the 
season,  samples  of  berries  were  picked  at  weekly  intervals  from  a 
plot  of  blueberrj^  land  laid  off  especially  for  the  purpose.  (Fig.  13.) 
This  plot  had  been  used  for  similar  studies  in  1928,  although  the 
work  was  not  quite  so  S3^stematically  performed  during  that  season. 
The  land  was  thoroughly  burned  over  in  the  spring  of  1927;  in  1928 
it  bore  the  first  crop  of  berries;  and  in  1929,  the  second  crop  after 
the  burn.  The  berry  crop  was  rather  light  each  year,  and  there  was 
apparently  little  difference  in  yield  between  the  first  crop  and  the 
second  crop.  As  studies  were  continued  on  this  land  until  frost 
occurred,  the  berries  were  not  picked,  and  the  yield  was  not  accur- 
atelv  determined. 


■^§ 

V     ilUii 


Figure  21.— Activity  of  the  blueberry  maggot,  Cherrj-field,  Me.,  season  of  1929.  Fluctuations 
of  field  populations  of  eggs  and  maggots,  and  progress  of  pupation,  shown  in  relation  to  emergence 
of  flies 


On  the  experimental  plot  100  small  sampling  areas  were  marked 
off  by  heavy  white  cord.  The  minimum  size  of  these  plots  was  20 
by  50  feet.  Some  of  the  plots  were  made  two,  three,  or  four  times 
this  size  where  the  berries  were  sparse.  (Fig.  13.)  On  each  plot 
there  was  a  sufficient  yield  so  that  the  number  of  berries  on  the  land 
was  not  materially  reduced  by  the  samples  collected  during  the  course 
of  the  work,  and  conditions  on  the  plot  were  not  modified  to  an  impor- 
tant extent  by  the  experimental  procedure. 

In  collecting  a  series  of  beriy  samples  for  estimating  the  maggot 
population,  a  counting  board  (pi.  10,  B)  was  taken  into  the  first  20 
by  50  foot  sample  plot,  and  berries  were  picked  to  fill  the  100  holes 
in  the  counting  board.  Only  ripe  berries  were  picked,  and  every 
effort  was  made  to  have  the  sample  as  truly  representative  as  possi- 
ble by  picking  from  all  parts  of  the  plot  and  taking  berries  of  all 
sizes.  When  100  berries  had  been  collected,  they  were  placed  in  a 
half -pint  fiber  container  known  as  an  '' oyster  bottle."  This  process 
was  repeated  on  each  sample  plot  until  100  samples,  each  containing 
100  berries,  had  been  collected.  In  the  laboratory  100  empty  fiber 
containers  were  arranged  in  a  single  row,  forming  a  large  hollow 
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square,  and  the  containers  were  numbered  from  1  to  100.  Tukin^^ 
one  of  the  field  samples,  and  beginning  with  container  No.  1,  one 
berry  was  placed  in  each  container,  the  last  berry  from  the  field 
sample  going  into  container  No.  100.  The  first  berry  of  the  next 
field  sample  was  placed  in  container  No.  2,  and  again  one  berry  was 
placed  in  each  of  the  100  containers,  the  last  berry  going  into  con- 
tainer No.  1.  The  berries  from  all  of  the  field  samples  were  dis- 
tributed in  this  way,  the  first  berry  from  each  field  sample  being 
placed  in  the  next  succeeding  laboratory  container.    As  a  result  of  the 

process  there  were  secured  100  sam- 
ples of  100  berries  each,  which,  it 

I "*' H  seems,    should    be    approximately 

I  I  homogeneous.    A  coin  was  tossed 

^  ^        to  determine  whether  the  samples 

bearing  the  odd  numbers  or  the 
even  numbers  should  be  processed 
immediately  for  maggot  counting. 
The  50  samples  that  were  to  be 
kept  for  two  weeks  were  placed  on 
wire  screens  set  into  quart  "oys- 
ter bottles"  containing  sand  in  the 
bottom,  and  covered  with  a  piece 
of  cheesecloth  secured  by  a  rubber 
band.  (Fig.  22.)  At  the  end  of  two 
weeks  the  berries  were  processed, 
the  sand  was  sifted,  and  the  total 
number  of  maggots  in  the  berries 
and  of  puparia  in  the  sand  was  re- 
corded. 

RELATION  OF  THE  PERCENTAGE 
OF  RIPE  BERRIES  TO  THE  MAG- 
GOT POPULATION  IN  THE  FIELD 

Eggs  of  the  blueberry  maggot 
have  been  found  only  in  ripe  ber- 
FiGURE22.-Diagram  of  container  for  keeping  "de-  ries;  hcucc,  ouly  ripe  bcrries  Were 

layed"  samples  of  blueberries  in  the  la^boratory  picked  for  field  SamolcS.      The  flieS 

for  two  weeks  before  making  the  maggot  counts,  f       •       ,         i            - ,        ^            ^ 

6,    Fiber    container    or    "oyster    bottle";    c,  begin  tO    dcpOSlt    CggS    WhCU   COm- 

cheesecloth  cover;  r,  rubber  band;  sa,  sand  to  -norpfiVplv    fpw   nf    tliP   KprriPd    nrp 

retain  puparia;  sc,  wire  screen  to  hold  blue-  paratlVCiy    ICW   01    me    Oerries    arc 

berries  ripe.     DuHug  the  early  part  of  the 

egg-laying  season  a  relatively  small  number  of  ripe  berries  are  pres- 
ent for  receiving  the  eggs.  As  the  flies  apparently  seek  out  the 
ripe  berries  for  egg  laying,  the  comparatively  few  ripe  berries  pres- 
ent may  be  rather  heavily  infested,  although  on  the  area  under 
observation  the  entire  population  of  maggots  may  be  very  small. 
If  samples  of  ripe  berries  are  collected  from  an  area  at  intervals 
throughout  the  season,  and  the  number  of  maggots  present  deter- 
mined, the  resulting  data  will  indicate  the  infestation  of  the  ripe  ber- 
ries on  the  respective  dates,  but  the  data  may  not  indicate  closely  the 
maggot  population  of  the  field.  Because  of  the  variation  in  the 
number  of  ripe  berries  present  from  time  to  time,  the  data  from  the 
berry  sample  should  be  corrected  if  a  true  picture  of  the  maggot 
population  of  the  field  throughout  the  season  is  desired.     For  example, 
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suppose  it  were  found  that  there  was  an  average  infestation  of  5 
maggots  per  100  berries  in  a  series  of  samples  taken  when  20  per  cent 
of  the  berries  were  ripe.  In  another  series  of  samples,  taken  when 
40  per  cent  of  the  berries  were  ripe,  an  average  of  10  maggots  per  100 
were  present.  Then  it  should  be  recognized  that  when  the  second 
series  of  samples  was  taken  the  maggot  population  of  the  field  was 
four  times  as  great  as  when  the  first  series  was  taken,  for  there  were 
not  only  twice  as  many  maggots  present  per  hundred  ripe  berries 
but  there  were  twice  as  many  ripe  berries  on  the  plot. 


/<PO 


^i/^i/sr 


^jE/T^Af^^/Z 


Figure  23.— Emergence  of  blueberry-maggot  flies  and  oviposition  in  relation  to  the 
percentage  of  blueberries  ripe,  Cherryfleld,  Me.,  1929 

In  order  to  make  the  necessary  corrections  to  compensate  for  the 
increasing  numbers  of  ripe  berries,  the  percentages  of  ripe  berries 
were  estimated  on  the  plot  on  which  the  population  studies  were  made 
in  1928.  In  1929,  in  order  to  estimate  more  accurately  the  percentages 
of  ripe  berries  throughout  the  season,  40  small  plots,  each  approxi- 
mately 4.67  feet  square,  were  established  at  points  well  distributed 
over  the  area  under  observation.  (Fig.  13.)  Beginning  on  July  13, 
all  ripe  berries  were  picked  from  each  of  these  plots  at  weekly  intervals 
and  the  numbers  recorded.  The  picking  was  continued  until  no  ber- 
ries remained  upon  the  plots.  The  records  obtained  (fig.  23)  give  an 
accurate  picture  of  the  ripening  of  the  berries  on  the  plot.     The  data 
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derived  from  the  maggot-population  studies  during  the  seasons  of 
1928  and  1929,  including  the  corrections  necessary  to  compensate  for 
differences  in  the  number  of  ripe  berries,  are  presented  in  Table  14. 

Table  14. — Results  of  maggot-population  studies,  1928  and  1929 


Date 


1D28 

July  20 -- 

July  25 

July  30 

Aug.  13. 

Aug.  20 

Aug.  27 

1929 

Julys 

July  12 

July  13 

July  17-18 

July  19 

July  24-25 

July  25 

July  30-31 

July  31 

Aug.  5 

Aug.  6 

Aug.  12... 

Aug.  13 

Aug.  19 

Aug.  20 

Aug.  26 

Aug.  27 

Sept.  2 

Sept.  3 

Sept.  9 

Sept.  16 


Units  per  100  berries 


RESULTS  OF  FIELD  STUDIES  OF  EGG  AND  MAGGOT  POPULATIONS 

The  results  of  the  studies  of  Qgg  and  maggot  populations  for  the 
seasons  of  1928  and  1929  may  be  plotted  as  shown  in  Figures  20,  21, 

23,  and  24. 

The  method  of  constructing  Figures  20  and  21  is  explained  in  Figure 

24.  The  curve  A-B-C  represents  the  total  population  of  maggots 
and  eggs  present  throughout  the  season  and  is  based  upon  data 
obtained  from  the  berry  samples  that  remained  in  the  laboratory  for 
two  weeks  before  the  maggots  were  counted.  The  curve  D-E-F 
represents  the  field  population  of  maggots  only,  and  is  based  upon 
data  obtained  from  the  berry  samples  which  were  processed  im- 
mediately. 

LENGTH  OF  THE  INCUBATION  PERIOD 

The  horizontal  distance  measured  between  the  curve  D-E  (fig.  24), 
representing  the  maggot  population,  and  the  curve  A-B,  representing 
the  combined  population  of  maggots  and  eggs,  indicates  the  length 
of  the  incubation  period.  This  applies  to  the  period  beginning  about 
July  19,  when  the  first  eggs  hatch,  and  ending  about  August  9,  when 
pupation  begins;  after  pupation  has  begun,  this  method  can  no  longer 
be  used  to  determine  the  length  of  the  incubation  period.     Measure- 
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ments  made  on  the  charts  at  intervals  indicate  that  the  incubation 
period  during  the  seasons  of  1928  and  1929  varied  from  a  maximum 
of  about  eight  days  to  a  minimum  of  two  days.  During  the  season 
of  1928  the  incubation  period  varied  from  a  maximum  of  eight  days 
to  a  minimum  of  about  four  days.  In  1929  the  eggs  seemed  to  develop 
more  rapidly;  the  maximum  incubation  period  this  season  was  seven 
days  and  the  minimum  was  two  days. 

It  is  probable  that  the  fluctuation  in  length  of  the  incubation  period 
is  influenced  by  temperature,  but  the  data  collected  are  not  sufficient 
to  give  a  reliable  indication  of  the  influence  of  temperature  upon  the 
length  of  the  incubation  period. 
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Figure  24.— Method  of  constructing  chart  shown  in  Figure  21.  Curve  A-B-C  indicates  the  field 
population  of  maggots  and  eggs  as  determined  by  examinaton  of  the  "delayed"  berry  sampler. 
Curve  D-E-F  indicates  the  field  population  of  maggots  only,  as  determined  by  the  immediate 
examination  of  samples  of  blueberries.  The  approximate  number  of  eggs  present  on  any  date 
may  be  determined  by  measuring  the  vertical  distance  between  the  two  curves  on  the  given 
date— for  example,  the  distances  w-i  and  y-z.  The  approximate  duration  of  the  incubation 
period  may  be  determined  by  measuring  the  horizontal  distance  between  the  two  curves — 
for  example,  the  distances  n-h  and  c-d.  The  increase  in  the  total  field  population  of  maggots 
and  eggs  (curve  A-B)  is  due  entirely  to  the  numbers  of  eggs  being  deposited.  Hence  the 
daily  rise  of  the  curve  A-B  indicates  the  rate  at  which  eggs  are  being  deposited.  None  of  these 
methods  applies  after  pupation  begins.  The  beginning  of  pupation  is  determined  by  field 
observations,  and  the  progress  of  pupation  is  determined  by  the  decline  of  the  line  E-F 


SEASONAL  FLUCTUATIONS  IN  MAGGOT  POPULATION 

In  1928  the  first  maggots  appeared  in  the  berries  on  the  experi- 
mental area  about  July  22.  The  increase  in  the  numbers  of  maggots 
was  gradual  until  about  August  1,  when  there  was  a  population  of 
1  maggot  per  100  berries.  The  increase  of  maggots  during  the  first 
half  of  August  was  rapid,  and  the  peak  was  reached  about  August 
13-14.  After  this  time  the  decrease  in  the  numbers  of  eggs  and  the 
increase  in  the  numbers  of  mature  maggots  leaving  the  berries  caused 
a  rapid  decline  in  the  number  of  maggots  present.  By  August  27-28 
the  number  of  maggots  present  in  the  field  had  declined  50  per  cent, 
and  the  rate  of  decline  increased  steadily  until  about  the  second  week 
of  September,  when  the  maggot  population  had  decreased  to  about 
1.05  maggots  per  100  berries.  After  mid-September  the  decrease  was 
gradual  and  continued  until  heavy  frost  killed  the  maggots  remaining 
in  the  berries. 


40         TECHNICAL  BULLETIN  275,  TJ.  S.  DEPT.  OF  AGRICULTURE 

During  the  season  of  1929  the  rapid  rise  in  the  number  of  maggots 
began  somewhat  earHer  than  in  the  preceding  year.  The  peak  of 
16.05  maggots  per  100  berries  was  reached  about  August  12-14,  after 
which  the  decline  was  rapid  throughout  the  rest  of  the  season.     A  few 
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^ 


Figure  25.— Mouth  parts  of  the  blueberry  maggot:  A,  Oral  hook  of  first  instar;  B,  oral  hook 
of  second  instar;  C,  oral  hook  of  third  instar;  D,  oral  orifice  of  third  instar,  viewed  in  optical 
section,    t,  Chitinized  teeth;  oh,  oral  hook;  h,  booklet;  sen,  sensory  nerve  endings 

maggots  still  remained  in  the  berries  when  killing  frost  occurred 
during  the  last  few  days  of  September. 

The  seasonal  fluctuations  of  eggs,  maggots,  and  puparia  during  1928 
and  1929  are  illustrated  in  Figures  20  and  21. 

DURATION  OF  MAGGOT  INSTARS 

During  the  season  of  1929  maggots  were  secured  in  berry  samples 

from  the  experimental  plot  in  sufficient  numbers  to  permit  fairly 

,  accurate     determina- 

A  /  \^  ^i  tions  of  the   relative 

->-p  o-v^-                  „,,^  „„^            numbers  of  the  three 

'..'•■/      V.                -^  e^^fe  "•'■•'^iii*^ '         instars^^  present  on  the 

^                        :.^^^5§"  ^^^' , '.     dates    when    samples 

^"ijjSS^  CS325)"     were  taken.     The  re- 

,,v.      ,v .             "^     ^--*m  -,1^    ;-•       suits  of  these  observa- 

c^#«i^J#...        '^^^  ^^^^^V^     tions    are    shown    in 

^^^     ^^^           -^^^  ^        ^-%i^         Figure  27.     It  will  be 

i^f^      ^^-  noted   that   the    first 

^^'^M^-^f^  maggots  appeared 

B  ''^  ^^^  ""^^^ '  about  July  19  and  that 

FiGURK  26.— Stigmatic  plates  of  the  blueberry  maggot:  A,  First         the  first  SDCcimens  of 
instar;  B,  second  instar;  C,  third  instar  \    . 

the  second  mstar  oc- 
curred eight  or  nine  days  later  on  July  27-28.  The  first 
specimens  of  the  third  instar  appeared  about  three  or  four  days 
later.     The  first  pupation  took  place  about  August  8-10,  indicating 

»  The  structure  of  the  three  instars  of  the  apple  maggot  was  described  by  Snodgrass  (17).  The  structure 
of  the  blueberry  maggot  is  apparently  identical  with  that  of  the  apple  maggot.  With  a  little  practice  the 
instars  may  be  separated  without  difficulty,  as  indicated  by  Snodgrass.  Some  of  the  details  of  structure 
of  the  three  instars  are  shown  in  Figures  25  and  26. 
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PLATE    11 


APPARATUS    USED    IN    STUDIES   OF    DEPTH    OF   PUPATION 

A,  Apparatus  for  concentrating  a  large  number  of  pupae  into  a  small  area  of  soil;  B.  battery  of 
concentrators  for  obtaining  large  numbers  of  pupae  from  blueberries  and  apples. 


Tech.  Bui.  275,  U.  S.  Dept.  of  Agriculture 


Plate  12 


Removing  Block  of  Earth  containing  Pupae  for  Deter- 
mining Depth  of  Pupation 

A,  Trench  dug  to  throw  block  of  earth  in  relief;  B,  box  pushed  down  over  block 
of  earth;  C,  block  of  earth  in  box,  removed  from  ground  ready  to  bo  taken  into 
the  laboratory. 
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a  total  length  of  larval  life  of  20  to  22  days.  The  larval  period  appears 
to  be  longer  toward  the  end  of  the  season  and  undoubtedly  varies 
considerably.  If  the  berry  remains  undisturbed  on  the  plant,  the 
maggot  remains  in  the  berry  until  the  pulp  is  completely  devoured. 
If  the  berry  dries  as  a  result  of  unusually  warm  weather,  or  if  it  is 
thrown  to  the  ground  and  battered  by  hea\^  rains,  the  maggot  is 
forced  to  leave  the  berry  sooner  than  would  otherwise  be  the^  case. 
Probably  the  fluctuation  in  the  number  of  maggots  of  the  third  instar 
present  throughout  the  season  as  indicated  in  Figure  27  is  due  to 
factors  of  this  kind. 


i/c^Lr 


^6^(r^sr 


1929,  showing  fluctu- 


FiGURE  27.— Field  population  of  blueberry  maggot,  Cherryfield,  Me 
ations  of  proportions  of  the  three  instars 

PUPATION 

During  the  course  of  these  investigations  several  modes  of  procedure 
were  used  in  attempts  to  determine  the  time  and  rate  of  pupation. 
The  first  consisted  of  gathering  samples  of  berries  periodically  in  the 
field,  bringing  them  into  the  laboratory,  and  placing  them  on  screen 
trays  over  funnels.  The  maggots,  as  they  left  the  berries  to  pupate, 
fell  into  the  funnels  and  were  collected  in  cups  of  sand  placed  beneath 
the  funnels.  It  was  found,  however,  that  this  method  gave  no  reUable 
indication  of  the  time  of  pupation  in  the  field.  The  berries  in  the 
laboratory  neither  dried  up  nor  were  battered  by  rain,  and  the  maggots 
remained  in  these  berries  much  longer  than  would  have  been  the  case 
in  the  field.  The  next  attempt  consisted  of  placing  cans  of  sand 
beneath  bunches  of  berries  in  the  field  and  examining  the  sand  periodi- 
cally to  determine  the  number  of  pup  aria  which  had  formed.  Theo- 
retically, this  method  should  give  highly  satisfactory  results,  but  in 
practice  it  was  found  that  the  normal  infestation  in  the  field  is  so  low 
that  the  number  of  maggots  collected  in  this  way  is  too  small  to  give 
an  accurate  indication  of  the  rate  of  pupation  in  the  field. 

The  most  reUable  indicator  of  the  rate  of  pupation  seems  to  be 
the  rate  of  decline  of  maggots  in  the  berries  on  the  experimental  plot, 
as  shown  by  the  charts.     (Figs.  20  and  21.)     It  is  possible  that  the 
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]ate  of  decline  in  maggots  may  be  due  to  some  extent  to  berries  drop- 
ping from  the  plants  several  days  before  the  maggots  leave  the  berries 
to  pupate.  An  attempt  was  made  during  the  season  of  1929  to  deter- 
mine the  extent  to  which  this  factor  operates,  by  collecting  large 
numbers  of  berries  from  the  ground  beneath  the  plants  at  intervals 
and  observing  them  to  note  the  length  of  the  time  that  the  maggots 
remained  within  the  berries  after  the  fruits  had  dropped.  The  results 
of  the  observations  indicate  that  the  maggots  may  remain  in  the, 
dropped  berries  several  days  before  pupation  takes  place.  However, 
many  maggots  drop  out  while  the  berries  are  on  the  plants,  or  soon 
after  the  berries  drop  from  the  plants,  and  it  is  doubtful  whether  the 
fact  that  some  of  the  maggots  remain  in  the  berries  for  several  days 
after  the  berries  drop  to  the  ground  would  materially  alter  the  records 
of  pupation  indicated  in  Figures  20  and  21. 

THE  DEPTH  OF  PUPATION 

At  the  outset  of  the  investigation  in  1925,  evidence  had  accumulated 
which  seemed  to  indicate  that  the  process  of  burning  over  the  blue- 
berry land  was  destructive  to  the  pupae  beneath  the  soil.  One  of  the 
first  investigations  undertaken  by  the  laboratory  was  a  series  of 
studies  to  determine  definitely  the  value  of  the  burning  process  from 
the  standpoint  of  maggot  control.  Two  parallel  studies  were  con- 
ducted— (1)  a  determination  of  the  depth  at  which  the  insect  pupates 
in  the  soil,  to  ascertain  whether  the  puparia  are  close  enough  to  the 
surface  to  be  affected  by  the  flames  or  the  heat  produced  in  burning 
over  the  land,  and  (2)  a  study  of  the  soil  temperature  produced  by 
the  burning  process. 

The  first  attempt  to  determine  the  depth  at  which  pupation  takes 
place  was  made  by  sifting  soil  taken  from  beneath  blueberry  plants 
growing  on  the  barrens.  This  attempt  met  with  the  same  difficulties 
reported  by  Patch  and  Woods  (11).  In  soil  containing  a  normal 
infestation,  the  number  of  puparia  obtained  by  sifting  is  too  small 
to  yield  results  of  value.  In  order  to  obtain  worth-while  results  it 
seemed  desirable  to  have  a  large  number  of  maggots  pupate  within  a 
limited  area  of  soil.  Records  of  the  depth  of  pupation  of  a  significant 
number  of  individuals  could  then  be  obtained  with  a  minimum  ex- 
penditure of  time  and  labor.  During  the  first  few  days  of  September, 
1925,  a  device  was  constructed  for  concentrating  a  large  number  of 
pupae  in  a  limited  space.  (PL  11.)  The  device  consisted  of  a  cheese- 
cloth funnel,  or  concentrator,  4  by  5  feet  on  the  upper  end,  and  6 
inches  square  on  the  lower  end.  Over  the  larger  end  of  the  funnel  was 
placed  a  wire-screen  tray,  and  the  whole  apparatus  was  supported  by 
stakes  so  that  the  small  end  rested  on  the  surface  of  the  soil,  and  the 
screen  tray  on  the  upper  end  was  approximately  level  and  about  3 
feet  above  the  ground.  The  apparatus  was  placed  on  typical  blue- 
berry land,  and  on  September  5  a  little  more  than  one-half  bushel  of 
heavily  infested  berries  was  placed  on  the  tray.  Observations  were 
made  from  time  to  time;  very  few  maggots  were  seen  descending  the 
apparatus,  and  it  seemed  improbable  that  any  considerable  number 
of  puparia  would  be  found  in  the  soil  beneath  the  funnel. 

On  October  12  the  apparatus  was  dismantled,  and  the  puparia  were 
carefully  removed  from  the  soil  at  the  apex  of  the  funnel.  A  total  of 
1,389  puparia  was  obtained. 
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In  counting  the  puparia,  the  debris  from  the  surface  of  the  area 
under  observation  was  first  removed.  Next  a  trench  about  3  inches 
wdde  was  dug  to  a  depth  of  8  inches,  leaving  a  block  of  earth  12  inches 
square  containing  the  puparia  from  the  concentrator.  The  first  and 
then  the  second  half  inch  of  soil  was  carefully  removed  from  the 
block;  after  this  the  soil  was  removed  in  layers  1  inch  thick,  until  a 
total  depth  of  6  inches  had  been  reached.  The  numbers  of  puparia 
in  the  various  layers  were  then  carefully  determined.  The  results 
are  shown  in  Table  15. 


Table  15.- 


-Depth  of  pupation  of  the  blueberry  maggot,   Washington  County,  Me., 
1925 


Depth  of  layer  > 

Puparia 

Propor- 
tion of 
of  total 

Cumula- 
tive pro- 
portion 
of  total 

Surface                                              -                                   --      —  - 

Number 

62 

247 

S44 

244 

2 

Percent 
3.74 

17.78 

60.76 

17.57 

.14 

Percent 
3.74 

First  half  inch 

21  53 

82.29 

Second  inch 

99  86 

Third  inch-   

100.00 

Total 

1,389 

1  No  puparia  were  found  in  the  fourth,  fifth,  and  sixth  inches  of  soil. 

The  results  of  the  study  indicated  that  a  surprisingly  large  propor- 
tion of  the  puparia  were  found  within  the  first  inch  of  soil.  The 
fact  that  the  puparia  were  located  so  near  the  surface  of  the  soil 
tended  to  strengthen  the  theory  that  many  of  the  pupae  were  de- 
stroyed by  the  heat  produced  in  burning  over  the  blueberry  land. 

To  confirm  the  results  of  the  study  of  1925,  four  concentrators  were 
estabhshed  during  the  season  of  1926.  These  were  placed  in  locations 
which  included  a  wide  range  of  soil  conditions.  One  bushel  of  heavily 
infested  blueberries  was  placed  on  each  apparatus. 

During  late  fall,  after  pupation  was  complete,  the  concentrators 
were  dismantled,  and  the  number  of  puparia  in  the  soil  under  each 
was  counted.  In  removing  the  soil  from  beneath  the  concentrator,  a 
12 -inch  square  was  marked  on  the  soil  under  the  apex  of  the  funnel 
before  the  apparatus  was  removed  from  the  spot.  As  soon  as  the 
apparatus  was  removed,  the  debris  from  the  surface  of  the  marked  area 
was  carefully  removed  and  placed  in  a  suitable  container.  The  soil 
was  then  carefully  cut  away  from  about  the  area  which  had  been 
marked  off,  leaving  a  block  of  earth  12  inches  square  and  extending 
down  to  a  depth  of  12  inches,  unless  rock  occurred  before  this  depth 
was  reached.  A  wooden  box  (pi.  12)  of  suitable  dimensions  was  then 
forced  down  over  the  block  of  earth  containing  the  puparia  from  the 
concentrator,  and  the  entire  block  was  removed  and  taken  into  the 
laboratory  for  examination.  The  block  of  earth  was  carefully  di- 
vided into  half-inch  horizontal  sections,  and  the  number  of  puparia 
found  in  each  half  inch  of  soil  was  counted. 

The  results  of  the  studies  of  1926  (fig.  28)  confirmed  the  results  of 
1925  and  definitely  established  the  fact  that  a  very  great  proportion 
of  the  pupae  overwinter  at  a  sHght  depth  in  the  soil.  The  results  are 
shown  in  Table  16.     An  average  of  96.72  per  cent  of  the  puparia 
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were  found  within  1  inch  of  the  surface  of  the  soil.  Four  puparia 
were  found,  under  concentrator  No.  1,  at  a  depth  of  7}^  to  8  inches. 
Puparia  of  the  apple  maggot  have  been  reported  by  O'Kane  (10)  at  a 
depth  of  5  inches,  and  by  Porter  (13)  at  4  to  5  inches.  Brittain  and 
Good  (3)  reported  finding  larvae  at  the  bottom  of  a  cage  containing 
12  inches  of  soil.     The  record  of  puparia  found  in  block  No.  1  at  a 
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Figure  28. — Depth  of  pupation  of  the  blueberry  maggot  on  typical 
blueberry  land,  Cherryfield,  Me.,  1926 

depth  of  7K  to  8  inches  may  be  valid,  but  the  fact  that  the  four  pupana 
found  at  this  depth  were  so  much  deeper  than  any  of  the  other  puparia 
makes  it  appear  barely  possible  that  the  four  specimens  in  question 
may  have  dropped  from  some  of  the  upper  layers  of  soil  during  the 
operation  of  separating  the  layers  of  soil  in  the  laboratory.  Except 
for  the  four  puparia  just  noted,  none  was  found  below  3^  inches. 
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Table  16. — Depth    of   pupation    of   the    blueberry    maggot,    Washington    County, 

Me.,  1926 


Block  1 

Block  2 

Blocks 

Depth  of  layer  i 

Puparia 

Propor- 
tion of 
total 

Cumu- 
lative 
propor- 
tion of 
total 

Puparia 

Propor- 
tion of 
total 

Cumu- 
lative 
propor- 
tion of 
total 

Puparia 

Propor- 
tion of 
total 

Cumu- 
lative 

tion  of 
total 

Surface .- 

Number 

17 

1,440 

309 

15 

Per  cent 

0.95 

80.67 

17. 31 

.84 

Per  cent 

0.95 

81.62 

98.93 

99.77 

Number 

29 

1,130 

106 

4 

Per  cent 

2.29 

89.05 

8.35 

.31 

Per  cent 

2.29 

91.34 

99.69 

100.00 

Number 

5 

1,108 

820 

84 

6 

1 

Per  cent 

0.25 

54.  74 

40.51 

4.15 

.30 

.C5 

Per  cent 
0.25 

54.99 

Second  half  inch 

95.50 

Third  half  inch 

99  65 

Fourth  half  inch 

99.95 

Fifth  half  inch 

IGO.OO 

Sixteenth  half  inch.     

4 

.23 

100.00 

Total 

1,785 

1,269 

2,024 

Block  4 

Total 

Depth  of  layer  i 

Puparia 

Propor- 
tion of 
total 

Cumula- 
tive pro- 
portion 
of  total 

Puparia 

Propor- 
tion of 
total 

Cumula- 
tive pro- 
portion 
of  total 

Surface 

Number 

27 

1,557 

416 

88 

25 

6 

2 

1 

Pt  cevt 

1.27 

73.37 

19.60 

4.15 

1.18 

.28 

.10 

.05 

Per  cent 
1.27 
74.64 
94.24 
98.39 
99.57 
99.85 
99.95 
100.00 

Number 

78 

5,235 

1,651 

191 

31 

7 

2 

1 

4 

Per  cent 

1.08 

72.71 

22. 93 

2.65 

.43 

.10 

.03 

.01 

.06 

Per  cent 
1  08 

First  half  inch 

73.79 

Second  half  inch 

96  72 

Third  half  inch 

99.37 

Fourth  half  inch .  ... 

99  80 

Fifth  half  inch 

99  90 

Sixth  half  inch     

99.93 

Seventh  half  inch                         .      .  . 

99  94 

Sixteenth  half  inch 

100.00 

Total 

2,122 

7,200 

1  Each  block  was  examined  to  a  depth  of  12  inches,  except  block  3,  in  which  rock  was  reached  at  a  depth  of 
10  inches. 

EFFECT  OF  SOIL  TYPE  UPON  DEPTH  OF  PUPATION 

During  the  season  of  1926  concentrators  1,  2,  and  3  were  placed  in 
three  situations  on  typical  blueberiy  land  which  varied  to  a  normal 
extent  in  drainage,  but  otherwise  were  not  greatly  different.  No.  1 
was  on  a  level,  rather  poorly  drained  area.  No.  2  was  near  the  edge 
of  high,  wxll-drained  plateau  land.  No.  3  was  intermediate  in  drain- 
age. The  soil  in  all  of  these  locations  was  a  sandy  loam  v»'ith  a 
surface  layer  of  organic  matter  to  a  depth  of  IK  to  2  inches. 

Concentrator  No.  4  was  placed  in  a  draw  which  in  rainy  seasons 
formed  the  bed  of  a  stream.     It  was  at  the  extreme  edge  of  blueberry 
growth,  and  adjoined  a  hackmatack  swamp.     The  soil  was  moist, 
and  was  springy  underfoot. 

The  concentrator  operated  in  1927  (Table  17)  was  placed  over  a  box 
of  sand.  The  box  was  provided  with  a  cloth  bottom  and  was  set  in 
the  ground  at  a  depth  of  about  6  inches  to  provide  normal  moisture. 

The  results,  as  indicated  in  Figure  28,  show  that  under  normal 
conditions  there  is  little  variation  in  the  depth  at  which  the  blueberry 
maggots  pupate.  Most  of  the  maggots  pupate  in  the  organic  surface 
layer  of  the  soil  and  above  the  dense  mat  of  blueberry  roots.  It  is 
evidently  difficult  for  the  maggots  to  penetrate  the  mat  of  blueberry 
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roots,  and  the  depth  of  pupation  as  shown  in  Figure  28  seems  to  vary 
with  the  depth  at  which  the  root  mass  occurred. 

The  maggots  penetrated  somewhat  deeper  in  sifted  sand  (fig.  29), 
but  even  there  99.65  per  cent  of  the  pupae  were  within  2  inches  of 
the  surface.     One  pupa  was  found  at  a  depth  of  3  to  8)2  inches. 
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Figure  29. — Depth  of  pupation  of  the  blueberry  maggot  in  sifted 
sand,  Cherryfield,  Me.,  1927 

Table  17. — Depth  of  pupation  of  the  blueberry  maggot  in  sifted  sand,  Washington 

Countij,  Me.,  1927' 


Depth  of  layer 

Puparia 

Propor- 
tion of 
total 

Cumula- 
tive pro- 
portion 
•  of  total 

Number 

0 

432 

1,005 

237 

14 

4 

1 

1 

Per  cent 
0 

25.50 
59.33 
13.99 
.83 
.23 
.06 
.08 

Per  cent 
0 

First  half  inch 

25  50 

84.83 

Third  half  inch              -          

98  82 

Fourth  half  inch ._-  .-.      _ 

99.65 

Fifth  half  inch    

99.88 

Sixth  half  inch 

99  94 

Seventh  half  inch .    

100.00 

Total - --- 

1,694 

NATURAL  ENEMIES 

The  alert  attitude  of  the  blueberry  flies  gives  them  the  appearance 
of  being  constantly  on  guard  against  some  enemy  that  may  be  ready  to 
pounce  upon  them.  Probably  the  defensive  attitude  of  the  flies  is 
well  founded,  for  several  enemies  have  been  observed  preying  upon 
them. 

Probably  the  most  important  enemies  of  the  adult  blueberry  flies 
are  two  species  of  large  ants,  Formica  Jusca  L.  and  F.  exsedoides  Forel 
(determined  by  W.  M.  Mann).  Both  of  these  ants  are  abundant  on 
much  of  the  blueberry  land.  The  nests  are  apparently  started  in  or 
under  the  dead  roots  of  birch  and  alder  sprouts.  As  the  colonies  of 
ants  increase  in  size,  characteristic  mounds  are  formed.  The  fully 
developed  mound  may  be  approximately  12  inches  high  and  2  or 
3  feet  in  diameter.  F.  fusca  is  entirely  black  and  is  probably  some- 
what more  abundant  on  the  blueberry  land.  F.  exsedoides  has  a 
red  head  and  thorax  and  black  abdomen;  it  is  apparently  not  quite 
so  abundant  on  the  blueberry  land.     It  is  slightly  larger  than  F.  fusca. 
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the  uests  are  somewhat  larger,  and  the  individuals  are  more  pugnacious 
if  their  nests  are  disturbed. 

Both  of  the  species  of  ants  were  very  destructive  to  blueberry  fhes 
confined  in  cages  on  the  blueberry  land.  Whenever  it  was  attempted 
to  confine  a  number  of  flies  in  a  cage,  the  ants  were  observed  running 
about  the  cages  with  flies  in  their  jaws.  At  first  it  was  thought  that 
the  ants  were  taking  only  the  dead  flies  which  had  dropped  to  the 
bottom  of  the  cage.  Only  brief  observation  was  required  to  prove 
that  the  ants  were  also  capturing  the  living  flies.  In  a  number  of 
instances  the  black  ants  were  observed  to  spring  some  distance  in 
an  attempt  to  capture  the  flies.  The  black  ants  were  more  trouble- 
some to  the  flies  in  the  cages  than  were  the  red  heads,  probably  be- 
cause the  blacks  were  more  numerous.  It  was  necessary  to  protect 
the  cages  by  sticky  barriers  to  exclude  the  ants. 

Probably  ants  catch  many  flies  in  the  field,  but  no  such  capture 
was  observed.  In  many  cases  ants  in  the  field  were  observed  in 
their  haphazard  wanderings  to  prowl  very  close  to  the  flies.  The 
flies  always  escaped  easily,  and  the  ants  seemed  to  respond  in  no  way 
to  the  proximity  of  the  flies.  The  isolated  habit  of  life  of  the  flies  and 
their  constant  alertness  undoubtedly  greatly  reduce  the  effectiveness 
of  the  ants  as  destructive  agents. 

During  the  course  of  four  or  five  summers*  work  with  the  blueberry 
maggot,  small  spiders  have  several  times  been  observed  feeding  upon 
the  blueberry  flies,  and  a  number  of  the  flies  have  been  observed 
enmeshed  in  spider  wxbs  among  the  blueberry  plants.  One  small 
spider  captured  while  feeding  upon  a  blueberry  fly  was  determined, 
by  C.  R.  Shoemaker,  to  be  Philodromus  rufus  Walck.,  of  the  family 
Thomisidae. 

It  is  probable  that  spiders  dispose  of  a  good  many  bluebeiTy  flies 
during  the  course  of  a  season,  but  no  study  has  been  made  to  deter- 
mine the  effectiveness  of  spiders  in  destroying  the  flies. 

Two  species  of  small  hymenopterous  parasites,  Opius  melleus 
Gahan  and  0.  richmondi  Gahan  (determined  by  A.  B.  Gahan),  have 
been  found  effectively  attacking  the  blueberry  maggot.  Records 
from  the  emergence  cages  indicate  that  0.  melleus  is  by  far  the  more 
important  species  and  that  the  number  of  0.  richmondi  is  insignifi- 
cant in  comparison. 

Two  methods  were  used  to  determine  the  percentage  of  parasitism: 
(1)  Collecting  flies  and  parasites  issuing  in  emergence  cages,  and 
determining  the  number  of  flies  and  parasites  and  computing  the 
percentage  of  parasitism  from  these  data,  and  (2)  examining  puparia 
imder  the  binocular  microscope  to  determine  the  percentage  of 
pupuria  which  contained  parasite  larvae. 

The  estimation  of  percentage  of  parasitism  based  upon  the  relative 
numbers  of  flies  and  parasites  which  appear  in  emergence  cages  is 
subject  to  error,  due  to  the  fact  that  both  the  flies  and  parasites  may 
remain  in  the  soil  for  several  years  before  emerging.  However,  this 
method  is  probably  sufficiently  accurate  for  most  purposes.  The 
examination  of  the  puparia  gives  greater  accuracy,  but  the  process  is 
tedious  and  time-consuming.  In  no  case  has  a  lot  of  puparia  been 
observed  to  be  entirely  free  from  parasitism.  Table  18  summarizes 
the  records  from  the  emergence  cages  during  1927.  Parasitism  in  the 
different  cages  varied  from  1.37  per  cent  to  29.66  per  cent.  The 
average  for  all  of  the  cages  was  10.7  per  cent. 
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Table  18. — Parasitism  of  the  blueberry  maggot  by  Opius  melleus,  based  on  records 
from  emergence  cages,  1927 


Cage 

Num- 
ber of 
para- 
sites 

Num- 
ber of 
flies 

Total 
of  flies 
and 
para- 
sites 

Percent- 
age of 
para- 
sitism 

Cage 

Num- 
ber  of 
para- 
sites 

Num- 
ber of 
flies 

Total 
of  flies 
and 
para- 
sites 

Percent- 
age of 
para- 
sitism 

A 

462 

'$ 

42 
82 
90 
20 

169 
38 

687 

3,937 
4,676 
1,192 
2,564 
1,401 
1,085 

475 
1,738 

711 
2,691 

4,399 
4,741 
1,209 
2,606 
1,483 
1,175 

495 
1,907 

749 
3,378 

10.50 
1.37 
1.41 
1.61 
5.53 
7.66 
4.04 
8.86 
5.07 

20.34 

9 

997 
302 
566 
142 
297 
64 

2,365 
1,101 
2,498 
2,447 
1,567 
405 

3,362 
1,403 
3,064 
2,589 
1,864 
469 

29.66 
21  53 

B 

10 

1 

11 

18  47 

2 

12 

5.49 
15  93 

3 

13 

4 

14 

5 

Total    or 

average. 

6 

4,040 

30,  853 

34, 893 

7 

10.70 

8 

An  examination  of  10  lots  of  puparia  obtained  from  infested  blue- 
berries in  the  season  of  1927  indicated  (Table  19)  an  average  of  29.17 
per  cent  parasitized.  The  lowest  parasitism  recorded  from  examination 
of  these  puparia  was  3.28  per  cent,  and  the  highest  was  49.42  per  cent. 


Table  19. 


-Parasitism  of  the  blueberry  maggot  by  Opius  melleus,  based  on  puparia 
examined,  1927 


Lot  No. 

Non- 
parasit- 
ized 
pu- 
paria 

Parasit- 
ized 
pu- 
paria 

Total 

PU; 

pana 

Percent- 
age para- 
sitized 

Lot  No. 

Non- 
parasit- 
ized 
pu- 
paria 

Parasit- 
ized 
pu- 
paria 

Total 
pu- 
paria 

Percent- 
age para- 
sitized 

1. 

207 
139 
94 
68 
149 
139 
59 

133 
85 
24 
19 
39 
66 
2 

340 
224 
118 

77 
188 
195 

61 

39.12 
37.95 
20.34 
24.68 
20.75 
28.72 
3.28 

8 

92 
103 
130 

23 
93 
127 

115 
196 
257 

20  00 

2 

9 

47  45 

3_ - 

10   

49.42 

4 

Total    or 

average. 

5 

1, 170 

601 

1,771 

6 

29  17 

7 

LIFE  HISTORY  OF  OPIUS  MELLEUS  GAHAN 

The  Uf e  history  of  Opius  melleus  may  be  outlined  briefly  as  follows : 
The  winter  is  spent  as  full-grown  larvae  within  the  puparia  of  the  host. 
Pupation  takes  place  in  midsummer,  shortly  before  the  emergence  of 
the  adult.  The  adult  parasites  emerge  during  late  July  and  August, 
just  as  the  blueberry  maggots  are  present  in  large  numbers  in  the 
berries. 

The  female  parasite  pierces  the  berry  with  her  long  ovipositor  and 
places  the  egg  directly  in  the  body  of  the  maggot  witliin  the  berry. 
Eggs  and  larvae  of  the  parasites  are  found  most  often  in  maggots  of 
the  third  ins  tar,  but  occasionally  occur  in  maggots  of  the  second 
instar. 

The  parasite  larva  develops  in  the  body  cavity  of  the  host,  without 
apparent  injury  to  the  maggot  until  after  the  puparium  is  formed.  ^ 

There  is  apparently  but  one  generation  of  Opius  melleus  a  year  in 
the  vicinity  of  Cherryfield.  A  certain  number  of  the  parasites  do  not 
emerge  during  the  first  summer  after  the  eggs  are  deposited,  but  remain 
in  the  soil  to  emerge  during  subsequent  seasons.  Adult  parasites 
have  emerged  each  season  in  cages  that  have  been  under  observation 
for  four  seasons. 
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CONTROL 
CULTURAL  PRACTICES 

BURNING 

When  investigation  of  the  blueberry  maggot  was  begun  in  1925  it 
was  beheved  by  many  of  the  blueberry  growers  that  the  periodical 
burning  over  of  the  blueberry  land  aided  in  maggot  control  by 
destroying  the  pupae  overwintering  in  the  soil.  This  seemed  logical 
and  was  supported  by  the  general  observation  that  the  first  crop  of 
berries  produced  after  the  land  was  burned  over  was  usually  less 
heavily  infested  by  maggots  than  the  berries  of  the  succeeding  crops. 
In  order  to  ascertain  definitely  the  effects  of  burning  upon  the  over- 
wintering pupae,  experiments  and  observations  were  begun  in  the 
spring  of  1926  and  were  continued  each  spring  throughout  the  course 
of  the  work. 

Observations  on  the  methods  of  blueberry  culture  showed  that 
progressive  growers,  in  preparing  to  burn  over  the  better  portions  of 
the  blueberry  land,  spread  hay  on  the  land,  usually  at  the  rate  of  about 
one-half  to  1  ton  per  acre.  A  series  of  small  plots  was  therefore 
arranged  upon  which  hay  was  placed  at  rates  ranging  from  one-half 
ton  to  2  tons  per  acre.  The  plots  were  on  typical  blueberry  land,  and 
they  were  burned  over  on  a  favorable  day  when  blueberry  land  in  the 
vicinity  was  being  burned.  Readings  were  made  of  the  soil  tempera- 
ture immediately  before  the  plots  were  burned  and  again  immediately 
after  the  fire  had  passed  over  them.  It  was  learned  that  even  in  the 
case  of  plots  receiving  hay  at  the  rate  of  2  tons  per  acre  there  was  no 
appreciable  rise  in  the  temperature  of  the  soil  at  the  depth  of  1  inch. 

In  the  spring  of  1926  two  plots  were  selected  upon  each  of  which 
approximately  1  bushel  of  heavily  infested  berries  had  been  placed 
during  the  preceding  fall.  Each  of  these  plots  was  4  by  5  feet  in  size. 
On  one  of  these  plots  was  placed  a  covering  of  hay  approximately 
6  inches  deep,  and  over  this  was  placed  a  generous  supply  of  kindUng. 
The  resulting  fire  was  comparable  to  the  heat  of  a  furnace.  Imme- 
diately after  the  fire  had  died  down  sufficiently  to  allow  access  to  the 
plot,  temperature  readings  were  made  by  means  of  soil  thermometers 
set  to  a  depth  of  about  1  inch.  The  soil  temperature  had  been  raised 
to  94°  F.,  as  compared  to  60°  before  the  burning.  A  record  of  the 
flies  emerging  from  this  plot  during  the  regular  emergence  period 
later  in  the  season  indicated  that  there  was  a  noticeable  reduction  in 
the  number  of  flies  that  emerged,  as  compared  with  the  number 
emerging  from  the  other  plots  which  had  not  been  burned  over.  How- 
ever, the  fact  that  a  goodly  number  of  flies  emerged  from  this  plot 
showed  that  even  such  intense  heat  was  not  entirely  effective  in 
destroying  the  pupae  in  the  soil. 

On  another  4  by  5  foot  plot,  upon  which  infested  blueberries  had 
been  placed  in  1925,  considerably  more  hay  was  added  than  the  blue- 
berry growers  of  this  section  ordinarily  put  on,  and  the  soil  tempera- 
ture at  the  depth  of  1  inch  was  raised  to  82°  F.  Records  of  the 
number  of  flies  which  emerged  from  this  plot  indicate  that  there  was 
no  marked  destruction  of  the  pupae  on  this  plot  as  a  result  of  the 
fire. 

In  addition  to  this  experimental  work,  many  readings  were  made  of 
the  soil  temperatures  during  the  burning  operations  conducted  by 
74544°— 32 4 
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commercial  berry  growers  of  this  section.  In  no  case  was  the  tem- 
perature of  the  soil  at  the  depth  of  1  inch  observed  to  be  appreciably 
raised  as  a  result  of  the  burning  process.  It  is  quite  evident,  there- 
fore, that  while  a  small  percentage  of  the  pupae  that  pass  the  winter 
on  the  surface  of  the  soil  may  be  destroyed  by  the  heat  of  the  fire, 
the  direct  effect  of  the  customary  burning  over  of  blueberry  land  is 
negligible  so  far  as  maggot  control  is  concerned. 

The  importance  of  the  burning  over  of  blueberry  land  in  relation 
to  the  control  of  the  blueberry  maggot  results  from  the  fact  that  the 
newly  burned  area  produces  no  berries  during  the  following  summer. 
If  the  burning  is  thorough^  done,  the  destruction  of  the  crop  is  so 
complete  that  there  are  no  berries  on  the  area  in  which  maggots  can 
be  produced  during  this  season.  The  flies  emerging  on  such  land 
must  either  migrate  to  productive  land  or  die  without  producing 
maggots. 

The  effectiveness  of  this  ''starving  out"  process  is  reduced  if  the 
burning  is  not  thoroughly  done  or  if  the  area  burned  over  is  so  small 
that  flies  may  readily  migrate  in  from  old  areas  during  the  season 
of  the  first  berry  crop.  The  fact  that  from  5  to  20  per  cent  of  the 
flies  remain  in  the  soil  until  the  second  spring  to  reinfest  the  new 
crop  of  berries  probably  accounts  for  a  large  part  of  the  infestation 
of  the  new  berry  crop  and  is  to  a  considerable  extent  responsible  for 
the  ineffectiveness  of  burning  as  a  control  for  the  blueberry  maggot. 

MOWING 

It  has  been  generally  observed  that  land  that  is  well  mowed,  so  as  to 
retard  the  growth  of  the  weed  bushes,  and  is  generally  well  cared 
for  yields  better  crops  of  berries  and  that  the  berries  are  usually  less 
heavily  infested  with  maggots  as  a  result  of  the  care. 

The  care  of  the  land  stimulates  the  growth  of  the  blueberry  plants, 
and,  on  soil  of  good  fertility,  greatly  increases  the  yield  of  berries. 
As  the  berries  increase  in  numbers  more  rapidly  than  the  maggots, 
the  percentage  of  berries  infested  tends  to  decrease  as  the  care  of  the 
land  improves.  On  the  very  best  blueberry  land  where  the  sprouts 
and  sweetfern  have  been  almost  entirely  removed,  and  the  land  yields 
excellent  crops  of  berries,  the  maggot  seldom  if  ever  seems  to  be  exces- 
sively abundant.  From  a  horticultural  viewpoint  it  seems  that  it 
may  be  profitable  to  give  large  areas  of  blueberry  land  moderate  care. 
However,  it  is  doubtful  if  it  would  be  profitable  on  very  much  of  the 
land,  under  the  present  methods  of  blueberry  production  in  Wash- 
ington County,  to  attempt  a  complete  control  of  the  blueberry 
maggot  by  means  of  cultural  practices  alone. 

WASHING  TO  REMOVE  THE  INFESTED  BERRIES 

During  the  summer  of  1924  the  blueberry  maggot  became  an  acute 
problem  in  the  blueberry  industry  of  Washington  County.  The  first 
effective  attempt  to  relieve  the  situation  was  the  development  of 
processes  for  the  removal  of  the  infested  berries  at  the  canneries. 
A  successful  method  was  worked  out  by  B.  J.  Howard  and  C.  H. 
Stephenson  of  the  United  States  Department  of  Agriculture,  Bureau 
of  Chemistry  and  Soils.  The  method  consists  essentially  of  treating 
the  infested  berries  in  a  large  cylindrical  sieve  of  heavy  wire,  about 
4  or  5  meshes  to  the  inch.     (PL  13.)    The  cylinder  is  partially  sub- 
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merged  in  running  water  and  revolves  on  its  longitudinal  axis  at 
moderate  speed.  The  berries  remain  in  the  revolving  cylinder  for 
varying  lengths  of  time,  depending  upon  the  degree  of  infestation; 
berries  with  a  comparatively  low  infestation  require  only  a  short 
treatment,  while  heavily  infested  berries  require  prolonged  treatment 
to  reduce  the  maggot  count  sufficiently. 

The  friction  of  the  sides  of  the  wire  cylinder  breaks  down  the  soft 
berries  containing  the  maggots.  The  maggots,  together  with  the 
skin  and  pulp  of  the  infested  berries,  are  washed  free  into  the  water 
and  are  drained  off  in  the  overflow. 

The  washing  machine  enabled  the  canners  to  cope  with  the  maggot 
situation,  and  practically  every  cannery  in  Washington  County  is 
now  equipped  for  washing  berries  to  remove  the  maggots.  The 
method  is  subject  to  criticism,  however,  for  the  washing  process 
breaks  down  not  only  the  berries  containing  maggots,  but  also  a  con- 
siderable portion  of  the  sound  berries.  No  data  are  available  to  show 
accurately  the  loss  of  berries  resulting  from  the  washing  process. 
Canners  of  considerable  experience  in  operating  the  machines  estimate 
the  destruction  at  10  to  50  per  cent  of  the  berries  put  into  the  ma- 
chines. The  destruction  of  berries  varies  in  direct  proportion  to  the 
length  of  time  that  it  is  necessary  to  process  the  berries.  Table  1 
shows  an  estimate  of  the  loss  of  berries  as  a  result  of  the  washing  process 
in  one  factory. 

Because  of  the  destruction  of  the  berries  during  the  washing  process, 
combined  mth  the  expense  and  inconvenience  involved,  the  blue- 
berry^ men  prefer,  if  possible,  to  combat  the  maggot  in  the  field,  rather 
than  to  treat  the  infested  berries  in  the  cannery, 

DUSTING 

The  successful  results  secured  during  recent  years  by  a  number  of 
workers  (Severin  (15)  in  Maine,  Brittain  and  Good  (3)  in  Nova 
Scotia,  Porter  (13)  in  Connecticut,  and  others  elsewhere),  using 
arsenical  applications  for  combating  the  apple  maggot,  immediately 
suggested  the  use  of  similar  treatments  for  the  control  of  the  blue- 
berry maggot.  Even  a  cursory  study  of  the  blueberry  lands  of 
eastern  Maine  indicated  that  large-scale  applications  of  spray 
would  probably  be  impracticable.  Insecticide  tests  were  therefore 
limited  to  dust  appHcations. 

RESISTANCE  OF  THE  BLUEBERRY  PLANT  TO  INSECTICIDE  INJURY 

Preliminary  tests  during  the  summer  of  1925  demonstrated  that 
the  blueberry  plants  are  fairly  resistant  to  injury  from  calcium 
arsenate  and  lead  arsenate  when  applied  in  dust  form.  More  careful 
tests  made  since  1925  have  given  more  definite  information  concerning 
the  effects  of  insecticides  upon  blueberry  foliage.  In  one  test  calcium 
arsenate  dust  was  applied  to  blueberry  plants  at  rates  of  6,  12,  15, 
18,  and  20  pounds  per  acre  without  apparent  injury  in  any  case. 

During  the  course  of  the  experimental  dusting  to  control  the  blue- 
berry maggot,  numerous  complaints  have  come  from  blueberry 
growers,  ^  who  have  observed  the  dusted  areas,  that  the  dust  was 
causing  injury  to  the  plants,  resulting  in  defoliation  on  large  areas. 
Undoubtedly  injury  and  defoliation  have  occurred  on  spots  in  the 
dusted  areas  where  the  poison  was  accidentally  applied  in  excessive 
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quantities.  Upon  careful  study,  however,  it  usually  appeared  that 
there  was  as  much  defoliation  of  plants  on  untreated  areas  as  occurred 
on  the  dusted  land,  and  that  the  injury  apparently  was  due  to  some 
other  cause  rather  than  to  the  effects  of  the  insecticide.  Weather 
conditions  may  have  an  important  influence  upon  the  injury  produced 
by  arsenical  insecticides,  and  careful  observations  along  this  line 
should  be  continued. 

Besides  calcium  arsenate,  the  following  dusts  were  applied  to  blue- 
berry bushes  in  small  plots  at  the  rates  of  6  and  8  pounds  per  acre 
without  apparent  injury  to  the  foliage:  Lead  arsenate,  magnesium 
arsenate,  and  barium  carbonate. 

Calomel  dust,  similar  to  the  material  used  for  treating  lawns  for 
certain  diseases,  produced  slight  injury  to  the  blueberry  plants  when 
applied  at  the  rates  of  6  and  8  pounds  per  acre. 

Commercial  sodium  fluosilicate,  cryolite,  and  artificial  cryolite, 
applied  at  the  rates  of  6  and  8  pounds  per  acre,  caused  severe  injury 
to  blueberry  foliage.  Within  24  hours  the  blueberry  foliage  showed 
severe  injury,  and  the  final  result  was  complete  defoliation  of  the 
dusted  plants. 

METHODS  OF  DETERMINING  RESULTS  OF  DUST  TREATMENT 

The  results  of  each  experiment  for  the  control  of  the  blueberry 
maggot  were  determined  by  counting  the  number  of  maggots  in  a 
series  of  samples  taken  at  well-distributed  points  in  the  treated  area 
and  from  a  similar  series  of  samples  taken  in  an  untreated  area.  The 
counts  obtained  from  samples  taken  in  the  treated  area  were  com- 
pared with  the  maggot  counts  obtained  from  a  similar  series  of  berries 
taken  from  a  near-by  area  which  received  no  treatment  and  was 
selected  because  of  its  apparent  similarity  to  the  dusted  plot. 

All  of  the  experimental  plots  were  more  or  less  covered  with  birch 
and  alder  bushes  and  sweetfem.  These  weed  bushes  as  well  as  the 
blueberry  plants  were  irregularly  distributed  on  the  plots,  hence 
portions  of  each  plot  were  very  bushy,  while  other  portions  were 
relatively  free  from  weed  bushes.  It  was  soon  found  that  on  an 
average  the  blueberries  from  bushy  places  were  more  heavily  infested 
than  berries  from  the  open  places.  In  order  to  equalize  this  factor, 
one-half  of  the  samples  of  berries  from  each  dusted  plot  were  picked 
from  bushy  areas  and  one-half  from  open  areas,  and  the  same  pro- 
cedure was  followed  on  each  check  plot. 

Although  it  has  not  seemed  advisable  to  attempt  to  determine 
the  effectiveness  of  the  dust  treatments  by  means  of  fly  counts, 
examinations  of  dusted  blueberry  land  two  days  after  the  application 
revealed  many  dead  flies  on  the  ground.  Fly  counts  on  dusted  and 
check  areas  showed  a  significant  difference  in  the  numbers  of  flies 
present.     (Fig.  30.) 

COUNTING    THE    MAGGOTS 

To  determine  the  number  of  maggots  present  in  a  sample  of  blue- 
berries, the  natural  impulse  is  to  pick  each  berry  open  with  the 
fingers  and  examine  the  pulp  of  the  berry  to  see  if  a  maggot  is  present. 
This  method  was  tried  at  the  outset  of  the  work  in  1925;  it  was  soon 
found  inadequate.  Too  many  of  the  smaller  maggots  escaped 
detection  even  when  the  berry  was  examined  under  the  binocular 
microscope,  and  examining  the  individual  berries  was  far  too  slow  a 
process  to  be  applied  to  large-scale  work. 
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A,  Counting  maggots  from  blueberry  samples;  B,  maggots  as  they  appear  in  the  black  counting  pan 
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FiQiTRE  30.  —Decrease  of  fly  population  as  a  result  of  two  applications 
of  calcium  arsenate,  Cherryfield,  Me.,  1928.  The  solid  line  repre- 
sents the  fly  population  of  untreated  check  area  of  plot  1  O.  The 
broken  line  represents  theoretical  fluctuations  of  fly  population  on 
treated  portion  of  plot  1  G.  Crosses  indicate  results  of  field  counts 
of  flies  on  the  check  area.  Circles  indicate  results  of  similar  counts 
on  the  treated  area.  Arrows  indicate  dates  of  application  of  calcium 
arsenate  dust.  Note  the  method  used  for  constructing  the  curve 
for  the  treated  area.  The  fly  populations  increased  with  equal 
rapidity  on  both  plots  prior  to  the  first  treatment.  Following  the 
first  dust  application,  there  was  a  sharp  decline  in  the  fly  population 
of  the  treated  plot.  After  the  poison  was  removed  from  the  foliage 
by  weather,  the  fly  population  of  the  treated  plot  began  building 
up  rapidly.  The  second  poison  application  again  reduced  the  fly 
population,  and,  as  emergence  was  practically  complete,  there  was 
no  further  increase  of  flies  on  the  treated  plot  during  the  season. 
The  curves  represent  total  fly  populations.  The  reduction  of  egg- 
laying  females  on  the  treated  plot  is  much  more  complete  than  the 
reduction  of  the  total  population 
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After  some  experimentation,  a  method  of  counting  the  maggots 
was  adopted  which  consisted  of  a  modification  of  a  process  devised 
by  B.  J.  Howard,  of  the  Food  and  Drug  Administration.  In  more 
or  less  modified  form  the  method  devised  by  Howard  is  used  by  the 
inspectors  in  the  blueberry  canneries  of  eastern  Maine. 

The  procedure  for  determining  the  results  obtained  on  the  experi- 
mental plots  was  as  follows:  The  required  number  of  berries,  usually 
100,  was  carefully  counted  by  means  of  a  counting  board.  (PL  10, 
B.)  After  the  berries  had  been  counted,  the  sample  was  weighed. ^^ 
The  weighed  berries  were  poured  into  a  wire-screen  cylinder  about  3 
inches  in  diameter  and  9  inches  high.  The  cylinder  was  made  of 
good  quality  galvanized-wire  screen,  5  meshes  to  the  inch,  and  the 
bottom  was  closed  by  the  same  material.  The  cylinder  containing 
the  berries  was  placed  in  a  small  aluminum  saucepan  containing 
enough  water  to  float  the  berries.  The  saucepan  was  placed  on  a 
kerosene  stove,  and  the  water  containing  the  berries  was  boiled  for 
about  two  minutes.  While  the  water  was  heating  and  boiling,  the 
berries  were  gently  crushed  by  means  of  a  wooden  pestle.  The 
water  and  berries  were  violently  agitated  to  free  the  maggots  from 
the  berry  pulp  and  to  wash  them  free  into  the  water.  The  water 
containing  the  maggots,  together  with  more  or  less  berry  pulp  and 
seeds,  was  then  poured  into  a  No.  10  can  (or  a  battery  jar  of  about 
the  same  capacity)  and  diluted  with  water  to  fill  the  container  about 
two- thirds  full.  The  wire-screen  cylinder,  containing  most  of  the 
berry  skins,  was  agitated  in  the  water  in  the  No.  10  can  to  wash 
free  any  maggots  that  might  possibly  have  adhered  to  the  residue  of 
berry  skins. 

A  small  portion  of  the  water  from  the  No.  10  can,  containing  the 
maggots,  was  poured  into  a  shallow,  black-bottomed  pan — an  ordinary 
biscuit  pan  was  used — and  diluted  with  a  little  more  water.  The 
contents  of  the  pan  were  carefully  examined  for  maggots,  which 
showed  up  in  strong  contrast  on  the  black  bottom  of  the  pan.  (PI. 
14.)  As  soon  as  all  of  the  maggots  in  the  pan  had  been  counted  the 
pan  was  emptied,  and  another  portion  was  poured  in  from  the  con- 
tainer. The  total  number  of  maggots  found  in  all  of  the  water  from 
the  No.  10  can  represented  the  number  of  maggots  in  the  sample  of 
berries.  A  tag  bearing  a  serial  number  and  all  necessary  data  followed 
each  sample  throughout  the  entire  process,  so  that  there  was  no 
danger  of  samples  becoming  mixed. 

DUSTING  EXPERIMENTS  IN  1926 

In  1926  experiments  in  dusting  for  the  control  of  the  blueberry 
maggot  were  undertaken  on  a  fairly  large  scale.  Because  of  the  rough- 
ness of  the  blueberry  land  and  the  lack  of  uniformity  of  the  crop,  and 
also  because  of  the  likelihood  of  migration  of  flies  from  the  surround- 
ing land  on  to  the  dusted  plots,  it  was  considered  impractical  to  carry 
on  dusting  experiments  on  very  small  plots.  During  the  season 
dust  was  appKed  to  six  plots,  the  smallest  having  an  area  of  1.15  acres 

11  Counts  of  the  number  of  maggots  per  100  berrias  gave  an  accurate  index  to  the  relative  infestation  of 
the  treated  and  untreated  plots,  but  such  counts  gave  no  close  indication  of  the  number  of  maggots  per 
No  2  can.  As  the  number  of  maggots  per  No.  2  can  is  the  basis  of  estimates  used  by  the  canners,  it  seems 
desirable  to  express  results  from  the  experimental  treatments  on  this  basis  as  well  as  on  the  basis  of  maggots 
per  100  berries  Twenty  ounces  of  raw  berries  are  considered  equivalent  to  one  No.  2  can  of  the  processed 
berries.  Hence,  by  weighing  the  samples  of  berries  from  the  experimental  areas,  the  results  may  be  expressed 
as  maggots  per  No.  2  can. 
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;«nd  tlie  largest  having  an  area  of  4.82  acres.  No  plot  measured  less 
than  200  feet  in  length  or  width.  Each  plot  was  carefully  selected 
to  include  land  as  nearly  uniform  as  it  was  practicable  to  obtain,  and 
each  had  a  history  of  heavy  infestation  during  past  seasons.  The 
plots  were  rectangular  in  shape,  and  were  laid  ofi'  by  means  of  compass 
and  tape.  Each  plot  was  marked  off  in  squares  by  stakes  set  at  50- 
foot  intervals  in  each  direction  and  was  divided  into  lanes  50  feet  mde 
})y  means  of  heavy  white  cord  extending  across  the  plot  on  each  line 
of  stakes.  This  marking  served  to  guide  the  men  in  applying  the  dust 
and  also  indicated  the  sampling  points  at  picking  time.  A  portion  of 
each  plot  was  dusted,  and  a  comparable  area  was  reserved,  untreated, 
as  a  check  plot. 

The  plots  were  dusted  by  means  of  crank-type  hand  dust  guns. 
In  dusting  the  plots,  three  men  worked  abreast.  Together  they 
covered  a  strip  25  feet  wide,  making  one  trip  across  the  plot  and  back 
to  dust  one  50-foot  lane.  The  dust  was  applied  during  the  early 
morning  hours,  when  the  atmosphere  was  calm  and  while  the  plants 
were  wet  with  dew,  except  in  the  case  of  plot  6,  which  was  dusted  in 
the  afternoon.  An  attempt  was  made  to  apply  the  dust  as  nearly 
as  possible  at  the  rate  of  6  pounds  per  acre,  but  it  was  found  very 
difficult  to  gauge  the  application  accurately,  and  the  amount  of  dust 
actually  applied  usually  ran  considerably  higher  than  6  pounds  per 
acre.  Plots  1,  2,  and  3  received  four  applications  of  dust  during  the 
season,  and  plots  4,  5,  and  6  received  three  applications.  Plots  1  to 
4,  inclusive,  were  dusted  with  calcium  arsenate,  plot  5  was  dusted  with 
lead  arsenate,  and  plot  6  received  lead  arsenate  in  the  first  applica- 
tion and  calcium  arsenate  in  the  last  two  applications.  Complete 
data  concerning  the  dates  of  application,  material  used,  and  time 
consumed  are  tjiven  in  Table  20. 


Table  20, — Data  relating  to  plots  dusted  in  1926 


Plot  No. 

Area 
dusted 

Date  of 
applica- 
tion 

Time  of 
application 

Material  used 

Quantity 
applied 
per  acre 

Time  re- 
quired 
per  acre 

Acres 
2.75 

1.15 

1.72 

2.20 

2.75 

4.82 

[July   21 
July   27 
Aug.    4 
Aug.  12 
July    22 
July   28 
Aug.     5 
Aug.  13 
July   23 
July  29 
Aug.     6 
Aug.  14 
July   24 
July     2 
Aug.  10 
July   27 
Aug.     4 
Aug.  12 

fJuly   28 
Uug.     6 
lAug.  10 

A.  M. 
5.00-6.00 
5. 00-5. 55 
5.  00-5.  45 
5.  05-5.  30 
5.  20-5.  55 
5.  20-5.  55 

5.  50-6. 10 

6.  05-6.  40 
5.  20-5.  50 
5. 15-5.  55 

5.  15-5.  35 

6.  05-6.  30 
5. 10-5.  50 
5.  15-6.  05 

5.  25-6.  00 
6. 15-7. 10 

6.  05-6.  40 
5.  55-6.  25 

P.  M. 
2.  30-4.  40 
4.  55-6.  00 
2.57-4.20 

Calcium  arsenate 

Pounds 
9.80 
8.35 
7.26 
5.44 
9.58 

12.20 
7.84 
8.71 
9.93 
8.13 
7.55 
8.71 

11.40 
8.71 
7.79 
5.80 
5.08 
6.89 

7.26 
8.71 
8.09 

Man-hours 
1.09 

do 

1.00 

do - .- 

do 

do.... 

do 

do... 

do 

do . 

do 

do 

do -. 

— -do    -- . 

do 

do - 

2 

.82 
.45 
1.52 
1.52 

3 

.87 
1.52 

.87 
1.16 

4 

.58 
.73 
.91 
1.14 

.80 
.99 

5 

do 

do 

do 

Calcium  arsenate 

.63 

6 

.54 

1.08 
67 

do 

86 
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RESULTS    OF   DUSTING    IN   1926 


Results  were  obtained  by  examining  a  series  of  samples,  each  con- 
taining 500  berries  collected  from  points  well  distributed  over  each 
treated  plot,  and  a  similar  series  from  each  check  plot.  No  sample 
was  taken  either  in  the  check  plot  or  in  the  treated  plot  nearer  than 
50  feet  from  the  margin  of  the  dusted  area.  The  records  of  these 
examinations  are  contained  in  Table  21.  The  reduction  in  infesta- 
tion due  to  the  dust  applications  was  in  general  quite  satisfactory. 
The  greatest  reduction  was  obtained  on  plot  4,  on  which  a  control  of  99 
per  cent  was  secured.  This  plot  received  three  applications  of  cal- 
cium arsenate.  The  lowest  reduction  in  maggots  occurred  on  plot  5, 
with  a  control  of  42  per  cent.  This  plot  received  three  applications  of 
lead  arsenate.  It  is  doubtful  if  the  comparatively  unsatisfactory 
results  obtained  on  this  plot  were  due  to  the  use  of  lead  arsenate. 
Nevertheless,  the  comparison  certainly  does  not  indicate  that  lead 
arsenate  is  superior  to  calcium  arsenate,  and  as  the  latter  is  much 
cheaper  there  is  a  distinct  advantage  in  its  use. 


Table  21. — Results 

of  dusting  f 

or  control  of  the  blueberry  maggot,   Washington 
ounty,  Me.,  1926 

Plot, 

Applications 

Maggots  per  600 

Reduc- 
tion in 
maggots 
per  500 
berries 

Maggots  per  No.  2 
can 

Reduc- 
tion in 
number  of 

No. 

Num- 
ber 

Material 

Date 

Check 
plot 

Treated 
plot 

Check 
plot 

Treated 
plot 

maggots 

per  No.  2 

can 

1 

2 

3 

4 

6 

6 

4 

4 

4 

3 
3 

3 

Calcium  ar- 
senate. 
.....do...„.. 

do 

do 

Lead    arse- 
nate, 
f— -do 

<  calcium  ar- 
[    senate. 

/July    21,    27; 

lAug.  4,  12 

/July    22,     28; 

lAug.  5,  13 

/July    23,    29; 

lAug.  6,  14 

/July  24; 

\Aug.  2,  10 

/July  27; 

\Aug.  4,  12 

/July  28; 
\Aug.  6,  10 

Number 
32.3±3.9 

27.5±4.3 

44.5±6.2 

38.7±5.9 

15.0±2.7 

•53.5±4.6 

Number 
1. 13±0. 5 

2. 3±0. 6 

6. 1±1. 3 

0. 4dz0. 2 

8. 7±1. 8 

16. 1±3. 1 

Per  cent 
96. 5±  1.6 

91.  6±  2.  5 

86. 3±  3.5 

99.  0±  1.  7 

42.0±15.6 

69.  9±  6.4 

Number 
153. 6±18.  7 

104. 2±  5. 0 

255.4±34.9 

209.3±30.0 

72.8±12.6 

255. 9±22. 3 

Number 
7.6±  3.4 

10.8db  2.9 

36. 1±  8. 6 

2.0±  0.8 

35. 4±  6.9 

79. 1±13. 7 

Per  cent 
95. 0±  2. 6 

89. 6±  2. 3 

85.8±3.9 

99. 0±    .4 

51. 4±12. 6 

69. 1±  6.  0 

The  season  of  1926  seemed  especially  favorable  for  the  control  of 
the  blueberry  maggot  by  means  of  dust  applications.  Atmospheric 
conditions  during  the  dusting  period  were  favorable,  and  a  study  of 
Table  22  indicates  that  there  was  only  slight  rainfall  during  the  effec- 
tive period  of  the  treatment.  The  application  of  dust  by  means  of 
hand  guns  proved  much  more  practical  than  was  anticipated  at  the 
outset  of  the  work.  It  was  apparent,  however,  that  because  of  the 
time  and  labor  involved,  hand-duster  methods  are  applicable  onl^ 
to  very  small  areas  and  that  if  control  of  the  maggot  by  dust  appli- 
cations were  to  be  placed  on  a  practical  basis  it  would  be  necessary 
to  devise  some  cheaper  and  more  rapid  means  for  applying  the  dust. 
It  was  also  apparent  that  it  would  be  necessary  to  reduce  the  number 
of  applications,  if  the  method  were  to  be  applied  to  any  but  the 
more  productive  blueberry  land. 
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Table  22. — Summary  of  rainfall  records  for  jive  days  following  each  dust  applica^ 
Hon  for  control  of  the  blueberry  maggot,  Washington  County,  Me.,  1926 


First  application 

Second  application 

Plot  No. 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 

tation 

1    

July  21 
July   22 
July   23 
July   24 
July   27 
July   28 

Number 
1 
10 
6 
5 
2 
1 

Number 
1 
1 
0 
0 
1 
1 

Inch 
0.05 
.05 

July  27 
July   28 
July   29 
Aug.    2 
Aug.    4 
Aug.    6 

Number 
2 
1 
0 
0 
2 
0 

Number 
1 
1 
2 
2 
2 
3 

Inch 
0.03 

2                       

.03 

3 

.  11 

4        

.10 

5 

.03 
.03 

.18 

6 

.19 

Third  application 

Fourth  application 

Plot  No. 

Date 

Rainless 

days 
following 

Rains 

within 

five  dajrs 

following 

Precipi- 
tation 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

1 

Aug.    4 
Aug.     5 
Aug.     6 
Aug.  10 
Aug.  12 
Aug.  10 

Number 
2 
1 
0 
0 
0 
0 

Number 
2 
2 
3 
3 
2 
3 

Inch 
0.18 
.18 
.19 
.09 
.08 
.09 

Aug.  12 
Aug.  13 
Aug.  14 
Aug.  - 
Aug.  — 
Aug.  — 

Number 
0 
0 
6 

Number 
2 
1 
0 

Inch 
0.08 

2 

.02 

3 

4. 

5 

6 

1 0  indicates  rain  within  24  hours  after  application. 

DUST  APPLICATIONS  IN  1927 

During  the  season  of  1927  a  large  power  duster  (similar  to  the 
machines  used  for  orchard  dusting)  mounted  on  a  heavy  farm  wagon 
was  employed  to  distribute  the  dust.  The  plots,  as  indicated  in 
Table  23,  were  considerably  larger  than  those  employed  in  1926. 
The  largest  plot  dusted  by  means  of  the  power  machine  had  an  area 
of  16.07  acres,  while  the  smallest  measured  3.44  acres.  The  average 
area  of  the  plots  treated  by  means  of  the  power  duster  in  1927  was 
11.66  acres,  and  the  total  area  dusted  was  58.31  acres.  Again  the 
plots  selected  for  dusting  had  a  history  of  heavy  maggot  infestation, 
and  each  area  selected  was  as  nearly  uniform  as  possible  with  respect 
to  topography,  stand  of  berries,  degree  of  bum,  etc.  The  plots  were 
marked  off  in  100-foot  squares  by  rows  of  stakes,  which  served  as 
guides  in  dusting  and  in  collecting  the  berry  samples  at  picldng 
time. 


Table  23.— Data  relating 

to  plots  dusted  wi 

ih  calcium  arsenate  in  1927 

Plot  No. 

Area 
dusted 

Date  of  application 

Time  of 
application 

Calcium 
arsenate 

used 
per  acre 

Area 
dusted 
per  hour 

Acres 
3.44 

11.02 

15.15 

16.07 

12.63 

fJulv  13 

a.  TO. 
5.30-5.50 
5.09-5.19 
4.15-5.00 
4.15-4.45 
4.37-5.18 
4.13-4.47 
5.10-6.15 
4.20-4.52 
4.40-5.35 
4.35-5.25 

Pounds 
9.59 
3.37 
9.46 
3.45 
4.22 
4.62 
9.33 
4.79 
6.49 
5.62 

Acres 
10.3 

\July  29 

/July  13 

14.7 

2 

IJuly  29 

22.0 
22.2 

/July  19 

iJuly  31 

/July  21  - 

14.8 

\July27. 

/July  22 

13.8 

\July  26 
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The  duster  crew  consisted  of  three  men — one  man  to  drive  the  team, 
one  man  to  handle  the  nozzle  from  the  rear  of  the  duster,  and  one  man 
to  observe  the  work  and  to  indicate  the  route  for  the  driver.  In 
making  the  application,  the  duster  was  driven  across  the  bluebeny 
land  at  100-foot  intervals.  As  the  duster  proceeded  along  its  route, 
the  nozzle  of  the  machine,  pointing  backward  and  slightly  upward, 
was  kept  constantly  moving  from  side  to  side.  In  this  way  it  was 
found  possible  to  tlu^ow  the  dust  cloud  to  a  distance  of  50  feet  on  each 
side  of  the  machine,  thus  dusting  a  strip  100  feet  wide.  At  first  it 
was  feared  that  the  team  and  wagon  would  trample  down  an  excessive 
quantity  of  blueberries.  It  was  soon  found,  however,  that  the  injury 
from  this  source  was  so  slight  as  to  be  negligible.  The  applications 
were  made  during  the  early  morning  hours,  while  atmospheric  con- 
ditions were  favorable  and  the  plants  were  covered  with  dew.  Cal- 
cium arsenate  was  used  for  all  applications  tliis  season.  Table  23 
indicates  the  dates  of  the  applications,  material  used,  area  dusted, 
and  the  rate  at  which  the  work  was  accomplished. 

During  the  season  of  1927  the  results  were  obtained  by  collecting  a 
series  of  100  samples,  each  containing  100  berries,  from  100  points 
well  distributed  over  each  dusted  plot  and  a  similar  series  of  samples 
from  each  check  plot.  These  samples  were  picked  by  hand,  approxi- 
mately 100  berries  being  collected  from  an  area  10  feet  square  at  each 
sampling  point.  These  berries  were  taken  into  the  laboratory,  where 
exactly  100  berries  were  counted  from  each  field  sample,  and  the 
number  of  maggots  was  determined  for  each  sample.  Table  24  shows 
that  on  the  whole  the  percentage  of  reduction  of  maggots  in  the 
berries  was  satisfactory.  The  most  favorable  results  were  obtained 
on  plot  4,  with  a  redaction  of  94.7  per  cent,  and  the  least  favorable 
on  plot  3,  \vith  a  reduction  of  35.3  per  cent. 

Table  24. — Results  oj  dusting  for  control  of  the  hlueberry  maggot,    Washington 

County,  Me.,  1927 


Plot  No. 

Date  of  ap- 
plications 

Maggots  per  100 
berries 

Reduction 

in 
maggots 
per  100 
berries 

Maggots  per  No.  2  can 

Reduction 

in 
maggots 

per 
No.  2  can 

Check 
plot 

Treated 
plot 

Check 
plot 

Treated 
plot 

1 

July  13,  29 

July  13,  29 

July  19,  31 

July  21,  27 

July  22,  26 

Number 
5. 8±1. 0 
22.  Oil.  0 
8.  5±0. 6 
7.  5±0. 8 
5.  0±0. 4 

Number 
2. 5±0.  7 
2. 4±0. 2 
6.  5±0. 4 
0. 4±0. 1 
0. 8±0. 0 

Per  cent 
.56. 9±14.  2 
89.  l±  1. 1 
35.  3±  6. 5 
94.  7±  6. 5 
84.0d=  1.3 

Number 
90. 9±15. 4 
321.  2±14. 0 
151. 4db  0.  5 
92.  2±  9.  8 
66.  7±  4.  6 

Number 
27. 6±6. 3 
32.  3±2.  6 
87.  7db6.  3 
5. 9±1.  4 
11.6±1.2 

Per  cent 
m.  6±8. 6 

2 

89. 9±  .9 

3 

42. 1±4.  2 

4 

93.  6±1.  7 

6 

82. 3±2.  2 

Weather  conditions  during  the  season  of  1927  were  less  favorable 
for  the  control  of  the  maggot  by  dust  applications  than  during  1926. 
The  season  of  1927  was  rainy  (Table  25),  and  the  precipitation  during 
the  dusting  period  was  heavy.  In  the  case  of  plot  3  (Table  24),  on 
which  the  poorest  results  were  obtained,  there  was  a  precipitation  of 
3.58  inches  within  five  days  after  the  first  application  and  0.35  inch 
within  five  days  after  the  second  application,  and  rain  fell  within  24 
hours  after  each  application.  In  the  case  of  plot  4,  on  which  the  best 
results  were  obtained,  there  was  2.79  inches  of  rain  within  five  days 
of  the  fii-st  api^lication  and  0.2  inch  within  five  days  after  the  second 
application.  Two  days  without  rain  followed  the  first  appHcation, 
and  after  the  second  application  there  were  four  days  without  rain. 
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Table  25. — Summary  of  rainfall  records  for  five  days  following  each  dusi  qpplica- 
Hon  for  control  of  the  blueberry  maggot,  Washington  County,  Me.,  1927 


First  application 

Second  application 

Plot  No. 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

1 

July  13 
July   13 
July   19 
July  21 
July  22 
July   16 
July   16 

Number 
4 
4 
10 
2 
1 
1 
1 

Number 
2 
2 
3 
2 
2 
3 
3 

Inches 

0.35 

.35 

July  29 
Julv  29 

Number 
2 
2 
0 
4 
5 
3 
3 

Number 
2 
2 
2 
1 
0 
2 
2 

Inch 
0.35 

2 

.35 

3 

3.58     Julv   31 

.35 

4 

2.79 
2.79 
1.26 
1.26 

July  27 
July  26 
July  28 
July  28 

.20 

5 

.00 

6 

.35 

7 

.35 

1  0  indicates  rain  within  24  hours  after  application. 

It  had  been  suggested  that  the  addition  of  powdered  sugar  to  the 
calcium  arsenate  might  make  the  material  attractive  to  the  blueberry 
flies,  thereby  increasing  the  effectiveness  of  the  material.  Accord- 
ingly, two  plots,  of  2.75  acres  each,  were  treated  by  means  of  hand 
dusters.  On  plot  6  two  applications  of  calcium  arsenate  were  made. 
On  the  same  dates  plot  7  received  applications  of  calcium  arsenate 
with  which  XXXX  confectioners'  sugar  had  been  thoroughly  mixed 
at  the  rate  of  1  pound  of  sugar  to  20  pounds  of  calcium  arsenate.  At 
picking  time,  when  results  of  the  treatment  were  compared,  it  was 
found  that  the  percentage  of  reduction  in  infestation  w^as  not  quite 
so  satisfactory  on  the  plot  receiving  the  application  of  calcium  arsenate 
with  the  addition  of  sugar  as  on  the  plot  receiving  calcium  arsenate 
alone.  Theresultsof  the  treatments  are  shown  in  Table  26.  Because 
of  the  low  initial  infestation  this  experiment  is  probably  not  conclusive; 
how^ever,  it  does  not  indicate  that  the  addition  of  sugar  is  especially 
beneficial,  and  as  very  satisfactory  results  were  obtained  in  other 
experiments  without  the  addition  of  sugar,  no  further  work  along 
this  line  was  imder taken. 


Table  26. — Comparison  of  results  of  dusting  with  calcium  arsenate  alone  and  with 
calcium  arsenate  and  confectioners'  sugar  {20  tol),  1927 


Material  i 

Maggots  per  100  berries  2 

Maggots  per  No.  2  can 

Plot  No. 

Check 
plot 

Treated 
plot 

Reduc- 
tion 

Check  plot 

Treated 
plot 

Reduction 

6 

Calcium  arsenate  alone 

Calcium  arsenate  and  con- 
fectioners' sugar  (20  to  1). 

Number 

0. 9±0. 1 

.9±  .1 

Number 
0.  3±0. 0 
.6±  .1 

Per  cent 
68. 7±  3.  7 
33. 4±13. 3 

Number 
14. 68±2. 1 
14. 68±2. 1 

Number 
4. 4±1. 2 
'  7. 9±1. 7 

Per  cent 
70. 0  ±9. 2 

7 

46. 2ztl3. 9 

1  First  application  July  16;  second  application  July  28. 

'  Forty  samples,  each  containing  100  berries,  were  examined  from  the  dusted  plot  and  from  the  check 
plot. 

DUSTING  WORK  OF  1928 

In  the  spring  of  1928  it  appeared  that  applications  of  calcium 
arsenate  gave  promise  of  becoming  a  practical  method  for  combating 
the  blueberry  maggot.  In  view  of  this  fact,  it  seemed  desirable  to 
conduct  an  investigation  to  ascertain  the  most  expeditious  method 
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for  applying  dust  to  the  blueberry  land  on  a  large  scale.  Because  of 
the  necessity  for  applying  the  dust  within  a  short  space  of  time, 
because  of  the  large  areas  devoted  to  blueberry  growing,  and  because 
of  the  favorable  topography,  it  seemed  that  this  project  offered  an 
exceptional  opportunity  for  the  employment  of  airplane  dusting. 
(PI.  1,  A.)  Accordingly,  13  plots  (Table  27)  were  laid  out  to  be 
dusted  by  means  of  airplane.  These  plots  varied  in  area  from  35.81 
acres  to  102.84  acres,  the  average  area  was  58.34  acres,  and  the  total 
area  of  the  airplane  plots  was  758.48  acres.  As  four  of  the  plots 
received  two  applications  of  dust,  the  total  area  actually  dusted  by 
airplane  was  1,016.52  acres. 

Table  27. — Record  of  flying  time  and  calcium  arsenate  used  in  airplane  dusting  for 
control  of  the  blueberry  maggot,  Washington  County,  Me.,  1928 


Plot 

Area  of 
plot 

Appli- 
cations 

Total 

area 

dusted 

Approx- 
imate 

distance 
from 

landing 

field  to 
plot 

Trips 
made 

Esti- 
mated 
flying 

time 
to  and 

from 

plots 

Flying 
time 
con- 
sumed 
in  ap- 
plying 
dust 

Total 
flying 
time 

Dust 

carried 

each 

trip 

Total 
dust  ap- 
plied J 

lA 

Acres 
43.16 

102. 84 
70.72 
41.32 
78.05 
52.34 
68.87 
74.38 
36.73 
40.40 
67.95 
35.81 
45.91 

Number 
2 
2 
2 
2 

Acres 
86.32 
205.68 
141. 44 
82.64 
78.05 
52.34 
68.87 
74.38 
36.73 
40.40 
67.95 
35.81 
45.91 

Miles 
4 
9 
4 
2 

Wi 
8 
8 
5 
5 
8 
7 
IM 

Number 
4 
8 
8 
4 
3 
2 
2 
2 
2 
2 
3 
2 
2 

Min- 
utes 
34 
160 
150 
16 
26 
40 
40 
32 
32 
40 
54 
12 
12 

Min- 
utes 
19 
42 
29 
18 
14 
15 
9 
9 
8 
14 
17 
13 
13 

Min- 
utes 
53 
202 
179 
34 
40 
55 
49 
41 
40 
54 
71 
25 
25 

Pounds 
145 
170 
116 
140 
170 
170 
224 
170 
120 
135 
150 
120 
150 

Pounds 
580 

2A 

1,360 
928 

3A 

4A 

560 

6A 

510 

6A 

7A 

340 

448 

8A 

2  340 

9A 

240 

lOA 

270 

IIA 

450 

12A 

240 

13A 

300 

Total    .. 

758.  48 

1,016.62 

3  648 

*220 

5  868 

6,566 

1  It  was  attempted  to  apply  6.5  pounds  of  dust  per  acre.    In  most  cases  slight  excess  was  added  to  allow 
for  wastage. 

2  By  mistake  plot  8A  received  only  4.57  pounds  of  dust  per  acre.    The  average  for  all  other  plots  was 
6.61  pounds  per  acre. 

3 10  hours,  48  minutes. 
<  3  hours,  40  minutes. 
« 14  hours,  28  minutes. 

Experimental  work  with  the  ground  machine  in  1928  included 
five  plots  ranging  in  area  from  8.03  to  15.95  acres,  with  an  average 
area  of  11.91  acres  and  a  total  area  of  59.56  acres.  Table  28  gives 
complete  data  concerning  dates  of  application,  area  of  plots,  material 
used,  and  the  rate  at  which  dust  was  applied. 

Table  28. — Data  relating  to  plots  dusted  with  horse-drawn  power  duster,  1928 


Plot  No." 

Area 
dusted 

Date  of  application 

Time  of 
application 

Calcium 

arsenate 

used  per 

aero 

Area 

dusted 

per  hour 

IG 

Acres 
15.95 

10.33 

13.77 

11.48 
8.03 

/July  16 

a.  m. 
5. 15-5.  50 
4. 10-4.  55 
5. 15-5.  50 
4.  35-5. 10 
8.  20-9. 13 
4.  35-5. 35 
4.40-6.101 
4.35-6.03 

Pounds 
8.40 
6.08 
7.16 
11.62 
4.65 
8.86 
7.40 
8.34 

Acres 
27.3 

\July31.  ." 

2L3 

2Q 

/July  18 

17.7 

\July29 

17.7 

SO 

/July  19 

15.6 

\Aug.  3 .-- 

13.8 

4Q 

July  22                

1L5 

5Q 

July  27 

17.2 

1  Actual  dusting  time  was  60  minutes;  30  minutes  was  lost  because  of  interruption  of  the  work. 
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A  complete  account  (9)  of  the  dusting  work  of  1928  has  been  pub- 
Hshed  as  a  comparative  study  of  the  use  of  the  airplane  and  the  ground 
machine  for  dusting  blueberry  land. 

The  results  were  determined  on  all  of  the  plots  dusted  by  ground 
machine  and  on  six  of  the  plots  dusted  by  airplane.  (Tables  29  and 
30.)  The  six  plots  of  the  airplane  series,  upon  which  results  were 
determined,  were  selected  because  of  favorable  conditions  for  study- 
ing the  results  or  because  of  a  desirable  range  of  topography,  etc. 


RESULTS    OF    DUST    APPLICATIONS    IN    1928 


Table  20. 


-Results  of  dusting  with  ground  machine  for  control  of  the  blueberry 
maggot,  Washington  County,  Me.,  1928 


Applications 

Maggots  per  100  berries 

Maggots  per  No.  2  can 

Plot  No. 

Num- 
ber 

Date 

Check  plot 

Treated 
plot 

Reduction 

Check  plot 

Treated 
plot 

Reduction 

IG 

2Q 

30 

4G 

5Q 

i 

2 

1 
1 

July  16,  31 

July  18,  29 

July  19,  Aug.  3. 
July  22 

July  27 

Number 
3. 8±0.  2 
4. 6±0. 3 
2.9dz0.2 
6. 8±0. 5 
12.  8db0.  5 

Number 
0. 4±0. 1 
0. 3dzO.  1 
0.  5±0. 1 
1. 1±0. 1 
7  5-i-n  ^ 

Per  cent 

89. 5±2. 7 
93.  5±2.  2 
82.8±3.6 
83. 8±1. 9 
4L4±4.5 
88. 6±2.  9 
62.  6±3.  5 

Number 
53.  6±2.  5 
70. 9±4. 1 
37.  6±3. 0 
107.  0±6.  5 
228.  7±9.  0 

Number 
6. 2zt0. 8 
4.4±0.8 
6. 1±0. 8 

16. 5±1.  3 
135.  Idz8.  0 

Percent 

88.4±2.4 
93.8±L2 

83.  8±2. 5 

84.  6±1.  5 
40.  9±4.  2 

2-aDr)lioatlon  nlotf 

88.  7±2. 1 

Averaee  of  l-aoDlication  clots 

-. 

62. 8±3.  2 

On  the  plots  receiving  two  applications  of  dust  from  a  groimd 
machine,  the  percentage  reduction  in  number  of  maggots  ranged 
from  a  minimum  of  82.8  per  cent  to  a  maximum  of  93.5  per  cent,  with 
an  average  reduction  of  88.6  per  cent.  The  plots  receiving  only  one 
application  of  dust  showed  less  favorable  results.  The  results  on 
plot  4G,  however,  indicate  that  one  well-timed  application  made 
under  favorable  conditions  may  be  very  effective.  The  average  re- 
duction in  maggots  on  the  two  plots  given  one  application  of  dust 
by  a  ground  machine  w^as  62.6  per  cent.  Complete  results  are 
shown  in  Table  29. 


Table  30. — Results    of   airplane    dusting   for    control    of    the    blueberry    maggot, 
Washington  County,  Me.,  1928 


Applications 

Maggots  per  100  berries 

Maggots  per  No.  2  can 

Plot  No. 

Num- 
ber 

Date 

Check  plot 

Treated 
plot 

Reduction 

Check  plot 

Treated 
plot 

Reduction 

lA 

2A 

3A 

5A 

8A 

llA 

Aver 

2 
2 
2 

1 
1 

1 

July  17,  30 

July  18,  29 

July  18,  28 

July  21 

do 

July  27-. 

^-nnnlipfltinn  ninf. 

Number 
7. 5±0. 4 
4. 6±0.  3 
3.  0±0. 2 
1. 0±0. 1 
3. 2±0.  3 
2. 1±0.  2 
3 

Number 
1. 6±0. 2 
0. 4±0. 1 

0.  7±0. 1 

1.  2±0. 1 
3.  IzfcO.  3 
1. 1±0. 1 

Per  cent 

78.  7±11.  7 
91.  3zt  2.  2 
76.  7±  3.  7 
-20.  0±15.  6 
3. 1±13. 1 
47.  6ifc  6.  9 
82.  2±  7.  2 
10. 2±12.  5 

Number 
100.6±5.6 
70. 9±4. 1 
51.  0±3. 6 
12.  6±1. 1 
54. 4±4. 1 
37.  6±2.  5 

Number 
21.  3±2. 6 
6.  0±0. 9 
12.  Sifcl.  4 
15.  5±1.  3 
47.  4±3. 9 
19.6±1.9 

Per  cent 

78. 8±  2.  8 
91.  5±  1.4 
75.  5±  3.  2 
-23.  0±14.  9 
12. 9±  9.  7 
47.  9±  6. 1 
81.  9±  2.  6 

12.  6±10.  6 

Two  applications  of  dust  by  airplane  (Table  30)  also  resulted  in  a 
satisfactory  reduction  in  the  number  of  maggots  present  in  the  berries. 
The  plots  receiving  two  applications  of  calcium  arsenate  by  airplane 
showed  an  average  reduction  in  number  of  maggots  per  100  berries 
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of  82.2  per  cent,  a  mimmiira  reduction  of  76.7  per  cent,  and  a  maximum 
reduction  of  91.3  per  cent. 

A  single  application  by  airplane  does  not  appear  to  yield  such  satis- 
factory results.  The  best  result  seciired  on  a  plot  receiving  one 
appHcation  by  airplane  was  a  reduction  of  47.6  per  cent.  The  aver- 
age reduction  on  the  three  plots  receiving  single  appHcations  by 
airplane  was  10.2  per  cent. 

^  A  summary  of  weather  records  for  the  dusting  season  of  1928  is 
s^ven  in  Table  31. 


Table  31. — Summary  of  rainfall  records  for  five  days  following  each  amplication 
of  calcium  arsenate  for  the  control  of  the  blueberry  maggot,  Cherry  field,  Me.,  1928 


First  application 

Second  application 

Plot  No. 

Date 

Rainless 
days  fol- 
lowing 

Rains 

within 

5  days 

following 

Precipi- 
tation 

Date 

Rainless 
days  fol- 
lowing 

Rains 

within 

.5  days 

following 

Precipi- 
tation 

lAi 

July   17 

July   18 

do 

Number 

1 

20 

0 
2 
2 
1 
2 
0 
4 
1 
1 

Number 
2 
3 
3 
3 
3 

2 
3 

1 
3 
2 

Inches 
'    0.08 
1.21 
1.21 
1.48 
1.48 
.43 
.08 
1.21 
1.13 
1.48 
.43 

July  30 
July   29 
July  28 

Nuviber 
4 
0 
0 

Number 
1 
1 
2 

Inch 
0.06 
.33 
.43 

2A 

3A 

5A 

July   21 
...do 

8A 

llA 

July   27 
July   16 
July   18 
July   19 
July   22 
July   27 

IQI 

July   31 
July   29 
Aug.     3 

3 
0 
0 

1 

1 
3 

.06 
33 

20. 

3G .- 

44 

4G.. 

5G 

1  Series  A,  airplane  plots;  series  G,  ground-machine  plots. 
*  0  indicates  rain  within  24  hours  after  application. 

COMPARATIVE  EFFECTIVENESS  OF  GROUND  MACHINE  AND  AIRPLANE 

When  calcium  arsenate  dust  is  applied  under  favorable  conditions 
it  appears  that  applications  by  means  of  a  ground  machine  and  an 
airplane  should  be  about  equally  effective  in  controlling  the  blue- 
berry maggot.  That  this  is  actually  true  is  indicated  by  plots  2A 
and  2G,  which  were  dusted  by  an  airplane  and  a  ground  machine, 
respectively.  These  two  plots  were  located  within  a  few  hundred 
feet  of  each  other,  and  a  single  check  area  served  for  both  plots. 
The  land  was  level,  free  from  trees,  and  in  every  respect  favorable 
for  airplane  work.  The  treatments  by  airplane  and  by  ground  ma- 
chine were  applied  on  the  same  mornings,  July  18  and  29,  each  plot 
receiving  two  applications  during  the  season.  Although  the  applica- 
tion of  dust  by  the  ground  machine  was  considerably  heavier  than 
that  made  by  the  airplane,  the  percentage  of  reduction  of  maggots 
was  not  materially  different  in  the  two  plots,  the  maximum  being 
91.3  per  cent  on  the  airplane  plot  and  93.5  per  cent  on  the  ground- 
machine  plot.    (Tables  29  and  30.) 

DUSTING  IN  1929 

Because  of  the  impractical  nature  of  airplane  dusting  under  the 
conditions  of  blueberry  culture  in  Washington  Count}^,  Me.,  the  air- 
plane work  was  not  continued  in  the  summer  of  1929.  During  this 
season  five  plots  (Table  32)  were  dusted  by  means  of  a  horse-drawn 
power  machine.    The  plots  ranged  in  area  from  14.92  to  22.73  acres, 
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with  an  average  of  17.58  acres,  and  a  total  area  of  87.92  acres.  The 
work  during  the  summer  of  1929  was  considerably  hampered  by  bad 
weather  conditions,  which  delayed  the  application  of  the  dust. 
Atmospheric  conditions  were  often  unsatisfactory  when  the  dust  was 
appHed  to  the  plots.  Weather  conditions  following  the  applications 
were  rather  favorable  for  the  treatments  as  the  rainfall  was  hght. 
(Table  33.) 

Table  32. — Data  relating  to  plots  dusted  with  horse-drawn  power  duster,  1929 


Plot  No. 

Area 
dusted 

Date  of  application 

Time  of  ap- 
plication 

Dust  used 
per  acre 

Area 
dusted 
per  hour 

Acres 

22.73 

20.43 
14.92 

14.92 
14.92 

f  July  23 - 

a.  TO. 
4.10-5.30... 
5.00-6.00... 
3.45-4.55... 
4.1^5.00... 
3.35-4.25... 
4.25-5.20... 
4.45-5.40... 
5.35-6.15... 

Pounds 
6.81 
6.55 
6.06 
6.70 
6.70 
6.70 
6.70 
6.70 

Acres 
17.0 

\  July  29 

2 

July  25 

17.5 

3 

Julv26 

19.9 

/Julv22                .     -. 

17.9 

I  July  28 

/July  22... 

16.3 

\July  28 

Table  33. — Summary  of  rainfall  records  for  five  days  following  each  dust  applica- 
tion for  control  of  the  blueberry  maggot,  Washington  County,  Me.,  1929 


First  application 

Second  application 

Plot  No. 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

Date 

Rainless 

days 
following 

Rains 

within 

five  days 

following 

Precipi- 
tation 

1 

July  23.. 
July  25.. 
July  26- 
July  22.. 
...do 

Number 
1 
4 
3 
2 
2 

Number 

Inch 
Trace. 
0.11 
.11 
Trace. 
Trace. 

July  29.. 

Number 

Number 
2 

Inch 
0  11 

2 

3 

4 

July  28.. 
--do 

1 

1 

2 

2 

11 

6 

.11 

'0  indicates  rain  within  24  hours  after  application. 

The  results  of  the  experimental  work  in  1929  are  shown  in  Tables 
34  and  35.  The  initial  infestation  on  the  experimental  plots  during 
this  season  was  so  low  that  results  are  scarcely  dependable.  Even 
with  the  unusually  low  initial  infestation,  however,  there  was  in 
most  of  the  plots  a  very  distinct  reduction  in  maggots  as  a  result  of 
the  treatments. 

On  plots  4  and  5  a  comparison  was  made  of  calcium  arsenate  alone 
and  a  mixture  of  equal  parts  of  calcium  arsenate  and  hydrated  lime. 
There  was  very  Uttle  difference  in  the  results  obtained  with  these 
two  treatments.  The  infestation  on  the  plot  receiving  the  calcimn 
arsenate-hydrated  lime  mixture  shows  a  reduction  of  55.6  per  cent, 
as  compared  with  50  per  cent  on  the  calcium  arsenate  plot.  While 
this  can  hardly  be  regarded  as  a  significant  difference,  it  suggests  that 
the  calcium  arsenate-hydrated  lime  mixture  may  be  satisfactorily 
used  in  place  of  calcium  arsenate  alone. 
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Table  34. — Results  oj  dusting  jor  control  of  the  blueberry  maggot,   Washington 

County,  Me.,  1929 


Applications 

Maggots  per  100  berries 

Maggots  per  No.  2  can 

Plot  No. 

Num- 
ber 

Date 

Check 
plot 

Treated 
plot 

Reduction 

Check 
plot 

Treated 
plot 

Reduction 

1 

2 
1 

1 

July  23,  29 

July  25... 

July  26 

Number 
1. 9±0.  2 
0.6±0.1 
3.6±0.2 

Number 
0.  5±0. 1 
0. 5±0. 1 
4. 5±0. 3 

Per  cent 
73.7dz  5.9 
16.  7±21.  7 
-25. 0±10.  8 

Number 
29. 6±3. 9 
9. 8±1. 0 
62. 8±3. 7 

Number 
9.  6±1. 0 
7.6±1.0 

78. 4±6. 7 

Per  cent 
67  6db  4  8 

2. 

22.4±12.9 

3 

-24. 8±11.  7 

Table  35. — Comparison  of  results  from  dusting  with  calcium  arsenate  and  with 
calcium  arsenate-hydrated  lime  mixture  for  control  of  the  blueberry  maggot,  Wash- 
ington County,  Me.,  1929 


Material 

Maggots  per  100  berries 

Maggots  per  No.  2  can 

Plot  No. 

Check 
plot 

Treated 
plot 

Reduction 

Check  plot 

Treated 
plot 

Reduction 

4 

Calcium  arsenate 

Calcium  arsenate  and 
hydrated  lime  i 

Number 
1.8±0.0 

1. 8d=0. 0 

Number 
0.9±0.1 

0.8±0.1 

Per  cent 
60.0±5.6 

65. 6±5. 6 

Number 
41. 0±4.  5 

4L0±4.6 

Number 
21. 6±2. 1 

15.6±1.4 

Per  cent 
47. 3±7. 5 

5 

61.9±5.4 

1  Equal  parts. 

Dust  applications  successfully  reduced  infestation  even  when  the 
infestation  was  very  low. 

COST  OF  DUSTING 

The  records  of  time  and  labor  involved  in  the  experimental  dusting 
are  included  in  the  discussion  of  the  work  of  each  season.  The  data 
shown  are  useful  in  the  maldng  of  rough,  preliminary  estimates  of 
the  probable  cost  of  treatment  on  a  given  tract  of  blueberry  land. 
There  are  many  factors  involved  which  are  not  presented  in  the  tables, 
however,  and  the  data  presented  do  not  form  a  satisfactory  basis 
for  estimating  accurately  the  total  cost  of  dusting.  For  example, 
weather  conditions  sometimes  prevent  the  application  of  dust  after 
the  duster  is  on  the  ground  and  the  crew  is  ready  for  work;  moreover, 
it  often  requires  more  time  to  haul  the  machine  to  the  land  to  be 
treated  than  it  does  to  make  the  application.  Such  difficulties 
increase  the  cost  of  treatment  and  are  proportionately  more  impor- 
tant when  small  plots  are  to  be  dusted. 

Summing  up  all  the  experimental  applications  by  means  of  the 
horse-drawn  power  duster  for  the  three  years,  1927,  1928,  and  1929, 
a  total  of  205.79  acres  was  treated.  The  dusting  outfit,  as  operated, 
with  two  horses,  a  driver,  one  man  to  handle  the  nozzle,  and  one  man 
to  assist,  applied  the  dust  at  an  average  rate  of  18.4  acres  per  hour. 
In  addition  to  the  actual  application  of  the  dust,  a  considerable 
amount  of  labor  was  involved  in  measuring  and  marking  off  the  areas 
to  be  dusted.  Much  more  time  was  spent  in  laying  off  the  experi- 
mental plots  than  is  required  for  commercial  dusting.  However, 
the  growers  have  found  it  practical  to  make  a  fairly  accurate  estimate 
of  the  area  of  the  plots  to  be  dusted  and  to  lay  off  the  land  rapidly 
in  lanes  100  feet  wide,  indicated  by  stakes  set  in  rows. 
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One  commercial  firm  kept  an  accurate  record  of  the  cost  of  dusting 
a  total  area  of  205  acres  by  means  of  a  standard  horse-drawn  power 
duster.  Nearly  all  of  the  205  acres  received  two  applications,  making 
a  total  equivalent  to  one  application  on  370  acres.  The  total  cost 
of  operations,  including  all  labor,  interest  on  the  investment,  and 
depreciation  of  machinery,  was  $303.30.  The  average  cost  was 
82  cents  per  acre  for  each  application  of  dust,  including  all  expense 
except  the  cost  of  the  dust.  The  cost  of  the  calcium  arsenate  varies 
with  market  conditions.  During  the  season  in  which  the  estimate 
of  cost  was  made  the  calcium  arsenate  was  purchased  in  large  quan- 
tities at  6.5  cents  per  pound. 

In  the  experimental  work  with  the  airplane  the  cost  of  application 
greatly  exceeded  the  cost  with  the  ground  machine.  The  excessive 
cost  of  the  airplane  in  the  experimental  work  was  to  be  expected, 
and  resulted  from  the  fact  that  an  area  of  only  1,000  acres  was  dusted, 
which  did  not  allow  the  airplane  to  operate  at  maximum  efficiency. 
If  large  blocks  of  blueberry  land  aggregating  several  thousand  acres 
were  to  be  dusted,  the  proper  type  of  airplane,  efficiently  handled, 
might  compete  in  price  with  ground  machines.  However,  there 
seems  to  be  no  likeUhood  that  dusting  the  blueberry  lands  of 
Washington  County  wiU  be  organized  on  a  sufficiently  large  scale 
in  the  immediate  future  to  enable  the  airplane  to  operate  efficiently. 
The  hand  dust  gun  is  of  course  too  slow  and  inefficient  to  allow  of 
use  on  large  areas.  On  areas  of  not  more  than  5  or  10  acres  the  hand 
dust  gun  may  be  used  if  no  power  machine  is  available.  In  the 
experimental  work  with  hand  dust  guns  it  was  found  that  on  an  aver- 
age it  required  one  man  approximately  one  hour  to  dust  an  acre.  The 
speed  of  the  work  will  depend  upon  the  roughness  of  the  land  and 
the  number  of  bushes  present.  On  open,  level  land  the  work  will 
go  rapidly;  on  rough,  bushy  land  the  work  will  take  more  time. 
On  the  whole,  dusting  with  hand  guns  is  slow,  disagreeable  work, 
and  is  likely  to  be  poorly  done.  A  power  duster  is  more  efficient, 
where  it  can  be  operated. 

ARSENICAL-RESIDUE  STUDIES 

Numerous  samples  of  blueberries  taken  from  dusted  plots  were 
analyzed  to  determine  the  quantity  of  arsenic  which  remained  upon 
the  berries.  The  studies  were  made  with  three  primary  objectives 
in  mind:  (1)  A  determination  of  the  quantity  of  arsenic  remaining 
upon  the  fruit  at  harvest  time,  with  the  view  of  ascertaining  whether 
or  not  the  berries  from  the  treated  plots  contained  an  excessive 
quantity  of  arsenic;  (2)  a  study  was  made  of  the  uniformity  of  the 
distribution  of  arsenic  on  the  dusted  plots;  and  (3)  the  determina- 
tion of  the  duration  of  the  arsenical  coating  on  the  plants  and  the 
effect  of  rain  in  removing  the  arsenate. 

ARSENICAL    RESIDUE    ON    BLUEBERRIES    AT    HARVEST    TIME 

The  analyses  of  samples  of  blueberries  taken  from  the  dusted  plots 
during  the  seasons  of  1926,  1927,  1928,  and  1929  are  shown  in  Tables 
36  to  39.  A  study  of  the  results  of  these  analyses  shows  that  in  general 
the  residue  was  not  excessive  at  picking  time  when  the  dust  was 
properly  applied  at  rates  of  6  to  7  pounds  per  acre. 
74544°— 32 5 
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Table  36. — Arsenical  residue  on  blueberries  from  dusted  plots,  1926 


Plot 

No. 

Date  sam- 
ple was 
picked 

Appli- 
cations 
of  dust 

Material  used 

Days 
since 
last 
dust 
appli- 
cation 

Dust 

applied 

per 

acre 

Residue 

OfAS203 

per 
pound 

Of 

berries 

Remarks 

1 

Aug.  4.. 

...do 

Aug.  21.. 

...do 

Aug.  31.- 
Aug.  2.. 
Aug.  30.- 
Aug.  23.. 

—do 

Aug.  26- 

Number 
2 
3 
4 
4 
4 
1 
3 
3 
3 
3 

Calcium  arsenate 

Number 
8 
0 
9 
9 
18 
9 
20 
11 
11 
16 

Pounds 
18.15 
25.41 
30.85 
30.85 
38.33 
11.40 
27.90 
17.77 
17.77 
24.06 

Grain 
0.0096 
.014 
.036 
.021 
.011 
.0073 
.027 
.025 
.035 
.034 

Picked  by  hand. 

Do. 
Picked  with  rake. 
Picked  by  hand. 

Do. 

Do. 

Do. 

Do 

1 

1 

1 

2 

4 

4 

5 

do 

--"do--------'--- 

---do------------ 

Lead  arsenate 

5 

6 

Lead  arsenate  (1),  calcium 
arsenate  (2  and  3). 

Picked  with  rake. 
Picked  by  hand. 

Table  37. — Arsenical  residue  on  blueberries  from  dusted  plots,  1927 


Plot  No. 

Dust 
applied 
per  acre  i 

Date 
sample 

was 
picked  2 

Days 
since  last 
dust  ap- 
plication 

Residue 

of  AS2O3 
per  pound 
of  berries 

Remarks 

2 

Pounds 
12.91 

8.84 

12.11 

13.09 

12.72 

[Aug.    5 

-.do 

Aug.  13 
..do.... 
Aug.  23 

-.do 

...do.... 
Aug.     3 

..do 

Aug.  10 

..do 

Aug.    4 
Aug.  11 
Aug.  18 

..do 

Aug.    4 
Aug.  11 
Aug.  18 
-do 

Number 

7 

7 

15 

15 

23 

23 

23 

8 

8 

15 

15 

7 

13 

20 

20 

7 

13 

20 

20 

Grain 
0.004 
.004 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 
.040 
.004 

Trace. 

Trace. 
.006 
.014 

Trace. 
.007 
.011 
.007 
.007 
.007 

Raked.    East  side. 
Raked.    West  side. 

3 

Raked.    East  side. 
Raked.    West  side. 

Do. 
Hand  picked.    West  side. 

5           ... 

Hand  picked.    East  side. 
Raked.    West  side. 
Raked.    East  side. 

6_- 

Raked.    West  side. 

Do. 
Raked.    Entire  plot. 

Do. 

7 

Do. 
Hand  picked.    Entire  plot. 
Raked.    Entire  plot. 

Do. 

Do. 
Hand  picked.    Entire  plot. 

1  Each  plot  received  two  applications  of  calcium  arsenate. 

2  Commercial  harvest  of  the  berries  on  the  plots  began  on  the  following  dates:  Plot  2,  Aug.  21;  plot  3, 
Aug.  23;  plot  5,  Aug.  14;  plot  6,  Aug.  18;  plot  7,  Aug.  18. 


Table  38. — Residue  on  dusted  blueberries  at  time  of  harvest,  1928 

Plot  No. 

Date 
sample 

was 
picked 

Applica- 
tions of 
dust 

Days 
since  last 
dust  ap- 
plication 

Dust 
applied 
per  acre 

Residue 

of  AS2O3 

per  pound 
of  berries 

2A 1                          

Aug.  15 
Aug.  16 
Aug.  20 
Aug.  17 

Aug.  16 

Aug.  15 
...do 

Number 
2 

2 

1 

1 

1 

2 
2 
1 

Number 
17 

19 

30 

27 

20 

15 
17 
33 

Pounds 
13.2 

13.1 

6.8 

4.6 

6.6 

14.48 
18.78 
8.34 

Grain 
0.010 
.008 

3A - 

I         .005 
.010 
.010 

5A — 

.009 
.017 
.012 

8A                                

I          .001 

Trace. 

.001 

IIA 

.001 

.011 

.010 

.002 

.004 

/         .017 

\          .010 

/          .034 

1          .038 

/          .014 

\          .010 

IQl... 

2G                                 

SO                

Aug.  29 

Series  A  dusted  by  means  of  airplane;  series  G  dusted  by  means  of  ground  machine. 
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Table  39. — Arsenical  residue  on  blueberries  at  harvest  time  on,  plots  dusted  with 
calcium  arsenate  alone  and  with  equal  parts  of  calcium  arsenate  and  hydrated 
lime,  Cherryfield,  Me.,  1929 


Plot  No. 

Date 
sample 

was 
picked 

Applica- 
tions of 
dust 

Days 
since  last 
dust  ap- 
plication 

Dust 
applied 
per  acre 

Residue 

of  AS2O3 

per  pound 
of  berries 

1 

Aug.  5 
do 

Number 
2 

2 
2 

Number 

7 

8 
8 

Pounds 
1 13.  36 

1  13. 40 

2  13.  40 

Grain 

(       0.008 

I         .013 

.009 

.014 

4 

5 

-.  do  -. 

.009 
.015 
.008 
.009 

.009 
.007 

1  Dust  on  this  plot  consisted  of  calcium  arsenate  alone. 

*  Dust  on  this  plot  consisted  of  equal  parts  of  calcium  arsenate  and  hydrated  lime. 

In  1926  the  total  quantities  of  arsenic  applied  were  large  because 
of  the  fact  that  three  or  four  applications  were  made  on  each  of  the 
plots.  As  much  as  38.33  pounds  of  calcium  arsenate  per  acre  was 
appUed,  and  applications  were  continued  to  mthin  10  days  of  picking 
time  in  some  instances.  The  highest  residue  recorded  in  that  season 
was  0.036  grain  of  arsenic  trioxide  (AS2O3)  per  pound,  which,  of  course, 
greatly  exceeds  the  tolerance.  However,  even  such  a  residue  is  not 
surprising  in  view  of  the  large  quantity  of  dust  applied  and  the  fact 
that  in  the  case  just  mentioned  only  nine  days  had  elapsed  since  the 
last  application  was  made. 

The  excessive  residue,  as  well  as  the  cost  of  making  three  or  four 
applications,  necessitated  the  reduction  of  the  number  of  appUcations 
of  dust  to  the  blueberry  land  in  order  to  place  the  process  on  a  practical 
basis. 

In  1927  the  number  of  applications  was  reduced  to  two.  Table  37 
indicates  a  great  reduction  in  the  arsenical  residue  as  a  result  of 
the  decreased  amount  of  arsenic  and  the  heavier  rainfall  that  followed 
the  dust  applications.  It  wiU  be  noted  that  in  no  case  was  there 
residue  enough  on  the  berries  at  picking  time  to  exceed  the  tolerance. 

In  1926  and  1927  in  certain  cases  parallel  samples  were  taken,  one 
sample  being  picked  by  hand  and  another  sample  collected  by  means 
of  a  rake.  (PL  2,  B.)  In  these  samples  the  hand-picked  berries 
ran  a  little  lower  in  arsenic  than  the  rake-picked  berries,  suggesting 
that  some  of  the  arsenic  was  removed  by  handling.  (Tables  36  and 
37.) 

In  1928  the  rainfall  during  the  dusting  period  was  not  far  from 
normal,  and  little  diflBculty  was  experienced  in  respect  to  arsenical 
residue  on  the  fruit.  In  the  case  of  the  plots  treated  by  means  of  air- 
plane the  residue  as  a  rule  ran  exceedingly  low,  which  is  probably 
due  to  the  fact  that  the  distribution  tended  to  be  quite  uniform  on  the 
airplane  plots  and  because  a  considerable  amount  of  the  dust  put  out 
by  the  airplane  was  blown  away  from  the  plots  before  it  settled.  On 
one  of  the  ground-machine  plots  this  season  (2  G)  an  excessive  quan- 
tity of  dust  was  used  in  the  second  application,  and  the  result  of  this 
is  shown  in  a  greatly  increased  residue.  The  two  samples  taken  from 
this  plot  contained  0.034  and  0.038  grain  of  AS2O3  per  pound.  This 
indicates  the  necessity  for  very  careful  observation  of  the  machine 
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while  the  dust  is  being  applied,  to  avoid  excessive  applications  of 
poison. 

In  1929  the  application  of  dust  to  the  experimental  plots  was  very 
carefully  regulated,  and  it  was  found  possible  to  keep  the  quantity 
of  dust  applied  within  the  limits  of  6  to  7  pounds  per  acre.  The  dust- 
ing period  in  1929  was  not  marked  by  much  rain,  and  yet  the  residue 
was  not  excessive. 

UNIFORMITY  OF  DISTRIBUTION  OF  ARSENIC  BY  GROUND  MACHINE 

In  1927  a  series  of  samples  was  taken  in  a  dusted  plot  to  ascertain 
the  uniformity  of  distribution.  The  entire  blueberry  plant  was 
included  in  the  samples,  the  foliage  as  well  as  the  fruit.  Each  sample 
consisted  of  sufficient  material  to  fill  a  quart  container,  closely  packed. 
In  each  case  one  sample  was  taken  on  the  line  the  duster  traveled, 
one  10  feet  from  the  duster  line,  one  20  feet,  one  30  feet,  and  one  40 
feet  from  the  duster  line.  The  results  of  the  analyses  are  shown  in 
Table  40.  There  is  a  tendency  toward  a  somewhat  greater  amount 
of  arsenic  on  the  samples  taken  nearest  the  duster  line,  especially 
when  a  heavy  application  was  made  or  when  the  sample  was  taken 
soon  after  the  application  was  made.  However,  on  the  whole,  there 
is  surprisingly  little  difference  in  the  quantity  of  arsenic  near  the 
duster  and  at  a  distance  from  the  duster,  showing  a  somewhat  more 
uniform  distribution  than  was  anticipated. 


Table  40.- 


-Distrihution  of  dust  by  horse-drawn  power  duster  and  retention  of 
arsenic  on  blueberry  plants,  1927 


Date 

sample 

was 

taken 

Days- 
since 
last  appli- 
cation 

Dust 
applied 
per  acre 

AS2O3,  parts  per  million 

Plot 
No. 

On  dust- 
er lane 

10  feet 

20  feet 

30  feet 

40  feet 

Average 

2 

2         

July   14 
Aug.     5 
Aug.  13 
July    22 

do 

July    25 
Aug.    3 
Aug.  10 

Number 

1 

15 
3 
0 
3 

8 
15 

Pounds 
9.62 
13.07 
13.07 
4.22 
6.49 
6.49 
12.11 
12.11 

35.0 
5.5 
3.0 
1.3 

11.2 
1.3 
1.3 
4.0 

6.0 
1.9 
2.0 
1.3 
9.1 
5.5 
3.2 
4.0 

4.0 
3.6 
2.0 
2.2 
9.2 
2.3 

12.0 
3.9 
2.0 
1.6 
8.7 
3.5 
6.3 
1.0 

11.0 
3.6 
1.0 
2.8 
6.5 
5.4 
2.2 
2.0 

13.6 
3.7 

2 

2.0 

3 

1.8 

5 

8.9 

5 

3.6 

5 

3.3 

5 

1.0 

2.4 

residue  on  berries  TAKEN  FROM  A  CANNING  FACTORY 

In  1927  and  1928  samples  were  taken  from  lots  of  berries  from  dusted 
land  as  they  w^ere  being  processed  in  one  of  the  blueberry  canneries. 
In  every  case  the  arsenical  residue  was  extremely  low.  In  connection 
with  this  study  a  small  plot  100  by  200  feet  was  dusted  on  August  30, 
much  later  than  the  normal  dusting  season,  so  as  to  have  a  very  heavy 
arsenical  residue  during  the  period  when  the  factory  was  in  operation. 
From  this  plot  1.25  bushels  of  berries  were  picked  on  September  5 
and  taken  into  the  factory.  The  sample  taken  just  before  the  berries 
were  washed  indicated  0.39  grain  of  AS2O3  per  pound.  Immediately 
after  the  washing  ^^  the  residue  was  shown  to  be  reduced  to  0.019 

12  The  washing  machine  used  in  the  study  discussed  in  this  paragraph  was  not  the  type  of  washer  com- 
monly used  for  removing  maggots  from  the  berries  in  the  factory,  but  was  a  machine  mtended  primarily 
for  the  removal  of  arsenical  residue  from  the  berries.  In  this  machine  the  berries  were  first  submerged  m  a 
vat  of  water  and  were  then  passed  through  a  light  spray  of  water.  The  process  was  much  less  vigorous  than 
the  washing  process  for  the  removal  of  maggots,  and  there  was  much  less  loss  of  berries  as  a  result  of  the  treat- 
ment. 
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grain  of  AS2O3  per  pound.  The  berries  were  then  given  a  second  wash- 
ing to  determine  to  what  extent  the  arsenic  could  be  removed.  The 
sample  taken  after  the  second  washing  contained  0.014  grain  of  AS2O3 
per  pound,  indicating  that  the  second  washing  removed  only  a  small 
amount  of  arsenic,  as  compared  with  the  first  washing. 


EFFECT  OF  RAIN  IN  REMOVING  ARSENIC  FROM  THE  BLUEBERRIES  IN  THE  FIELD 

Tables  41  and  42  indicate  very  effectively  the  extent  to  which  rain 
removes  the  arsenical  dust.  In  taking  these  samples  the  berries 
were  removed  from  the  plants  to  avoid  complications  due  to  changes 
in  size  and  weight  of  the  berries.  Only  the  stems  and  fohage  of  the 
plants  were  analyzed.  In  the  case  of  plot  A  and  plot  B  in  1928  there 
was  no  measurable  reduction  in  the  amount  of  arsenic  on  the  blue- 
berry foHage  until  after  rain  occurred.  In  the  case  of  plot  A  the  plants 
ran  578  parts  AS2O3  per  milHon.  Following  a  rain  of  1.13  inches,  the 
arsenic  dropped  to  81  parts  AS2O3  per  million.  In  the  case  of  plot  B 
there  was  no  appreciable  reduction  of  arsenic  on  the  plants  from 
August  14  to  17,  but  in  the  sample  on  August  20,  taken  after  a  rain 
of  0.55  inch,  the  arsenic  had  dropped  to  54  parts  AS2O3  per  million. 
It  is  evident  that  the  first  heavy  rain  removes  a  large  proportion  of 
the  dust  from  the  blueberry  plants. 

Table  41. — Retention  of  calcium  arsenate  on  blueberry  foliage,  Cherryfield,  Me.,  1928 


Plot 

Date 

sample 

was 

taken 

Days 

since 
dustiBg 

Rains 

since 

last 

sample 

Precipi- 
tation 
since  last 
sample 

AsjOs, 
parts  per 
million 

A 

B 

fJulj'   22 
Jjuly   24 
lAug.  13 
(Aug.  31 
(Aug.  14 

Aug.  15 
iAug.  17 

Aug.  20 
lAug.  31 

Number 
0 
2 
22 
40 
0 

3 

6 
17 

Number 
0 
1 
13 
7 
0 
0 
0 
2 
6 

Inches 

0 

1.13 

2.16 

.88 

0 

0 

0 

.55 

.33 

578 

81 

19 

26 

317 

707 

375 

T. 

Table  42. — Retention  of  calcium  arsenate  on  blueberry  foliage,  Cherryfield,  Me.,  1929 


Date  sample  was  taken 

Days 

since 

dusting 

Rains 

since 

last 

sample 

Precipi- 
tation 
since 
last 

sample 

AS2O3,  parts  per 
million  on— 

Plot  101 

Plot  102 

July  12 

Number 

0 

1 

2 

3 

8 

10 

15 

19 

Number 
0 
0 
0 
1 
2 
0 
0 
1 

Inch 

0 

0 

0 

.86 

.31 

0 

0 

.11 

250 
255 
233 
26 
8 
9 
16 
12 

333 

July  13...                                                   

458 

Julv  14 

556 

July  15 

12 

Julv  20...     .                                           

9 

Julv  22 

17 

July  27 

13 

Julv  31 

12 
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RECOMMENDATIONS  FOR  THE  CONTROL  OF  THE  BLUE- 
BERRY MAGGOT  IN  EASTERN  MAINE 

The  results  of  the  experimental  work  conducted  over  a  period  of 
four  years  warrant  the  recommendation  of  applications  of  calcium 
arsenate  dust  for  the  control  of  the  blueberry  maggot  in  eastern  Maine. 
Recommendations  for  making  the  applications  under  the  conditions 
of  blueberry  culture  in  this  section  may  be  summarized  as  follows: 

MATERIAL  TO  USE 

The  calcium  arsenate  dust  used  for  applications  on  blueberry  land 
is  the  same  high-grade  insecticide  dust  used  extensively  for  the  control 
of  the  cotton  boll  weevil  and  certain  other  insect  pests.  It  should 
contain  not  less  than  40  per  cent  total  AS2O5,  not  more  than  0.75 
per  cent  of  water-soluble  arsenic  pentoxide,  and  have  a  bulk  test  of  not 
less  than  80  nor  more  than  100  cubic  inches  per  pound. 

QUANTITY  OF  DUST  TO  USE 

The  calcium  arsenate  should  be  applied  as  nearly  as  possible  at  the 
rate  of  6  to  7  pounds  per  acre.  Much  less  than  6  pounds  of  dust  per 
acre  is  likely  to  be  ineffective,  while  too  great  a  quantity  of  calcium 
arsenate  increases  the  danger  of  injury  to  the  plants,  and  also  is  likely 
to  result  in  excessive  residue  on  the  berries  at  picking  time.  Great 
care  should  be  used  to  distribute  the  dust  as  uniformly  as  possible 
over  the  area  being  treated;  otherwise  the  best  results  may  not  be 
obtained  and  serious  burning  of  the  blueberr^^  plants  may  result  where 
excessive  quantities  of  the  dust  are  applied. 

NUMBER  OF  APPLICATIONS 

On  land  which  produces  a  sufficient  quantity  of  berries  to  justify 
the  expense,  it  is  advisable  to  make  two  applications  of  calcium  arse- 
nate. On  poorer  land  one  application  may  be  advisable.  It  is  not 
profitable  to  apply  dust  to  land  during  the  summer  following  burning, 
for  no  fruit  is  produced  during  that  summer  and  the  destruction  of  the 
flies  on  this  land  will  have  no  effect  upon  the  maggot  infestation  during 
the  next  summer.  In  some  cases  where  freshly  burned  land  adjoins 
bearing  land  it  may  be  desirable  to  dust  a  strip  of  100  feet  of  the  burned 
land  immediately  adjoining  the  bearing  land  to  reduce  migration  of 
flies  from  the  newly  burned  area  on  to  the  bearing  area. 

It  is  desirable  to  dust  as  large  areas  as  possible,  as  this  reduces 
the  danger  from  flies  drifting  in  from  unpoisoned  areas  and  also  tends 
to  reduce  the  unit  cost  of  the  dusting  operations.  As  far  as  possible, 
no  blueberries  should  be  left  untreated  around  the  borders  of  the 
dusted  areas. 

DATES  OF  APPLICATION 

The  constancy  of  the  emergence  dates  of  the  flies  renders  it  possible, 
during  approximately  normal  seasons,  to  time  the  applications 
according  to  calendar  dates.  In  making  the  first  application,  it  is 
desirable  to  delay  the  treatment  as  long  as  possible  after  the  flies 
begin  to  emerge,  so  that  the  maximum  number  of  flies  will  be  present 
when  the  dust  is  applied,  but  the  application  must  be  made  before  an 
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appreciable  number  of  eggs  have  been  deposited  in  the  berries.  By 
referring  to  the  emergence  chart  (fig.  7)  and  to  the  hfe-history  charts 
(figs.  20  and  21)  it  will  be  seen  that  the  period  from  about  July  13  to 
20  fits  the  conditions  quite  well  for  the  first  application.  By  applying- 
•the  dust  to  the  earliest  land  first,  and  treating  later  areas  last,  the  best 
results  may  be  obtained  and  the  dusting  period  effectively  extended. 

In  timing  the  second  application,  it  is  assumed  that  the  first  applica- 
tion was  effective  in  destroying  a  high  percentage  of  the  flies  present 
at  the  time  the  dust  was  applied.  The  second  application  should  be 
made  before  any  of  the  flies  that  emerge  after  the  first  application 
begin  to  lay  eggs  in  the  berries.  In  the  life-history  studies  it  was  found 
that  the  preoviposition  period  was  about  13  days.  Allowing  for  a 
shortening  of  the  preoviposition  period  during  midseason,  it  seems 
that  the  second  application  of  dust  should  be  made  from  7  to  10  days 
after  the  first,  to  kill  the  later  flies  before  they  begin  to  lay  eggs.  The 
second  application  wiU  therefore  be  apphed  from  July  21  to  30.  At  the 
time  of  the  second  apphcation  from  70  to  99  per  cent  of  the  flies  will 
have  emerged  (fig.  7),  and  the  destruction  of  the  flies  should  be  quite 
complete  without  additional  applications.  On  account  of  danger  of 
excessive  residue  from  late  applications,  it  is  usually  well  to  discon- 
tinue appHcations  after  July  31,  and  a  period  of  two  weeks  should 
elapse  between  the  last  dust  application  and  picking  time. 

Land  that  is  to  be  dusted  only  once  should  receive  an  application 
during  the  period  of  July  18  to  24. 

The  dates  in  the  foregoing  discussion  apply  to  the  blueberry  lands  of 
Washington  County  during  approximately  normal  seasons.  In  other 
localities  or  during  abnormally  early  or  late  seasons  it  may  be  neces- 
sary to  vary  the  dates  of  application. 

A  thorough  study  indicates  that  by  very  careful  examination  of 
samples  of  berries  taken  at  frequent  time  intervals,  newly-hatched 
maggots  may  be  detected  in  the  blueberries  when  the  total  population 
of  eggs  and  maggots  is  still  not  great.  It  therefore  seems  that  the 
detection  of  the  very  first  newly-hatched  maggots  in  the  berries  may 
serve  as  a  practical  indicator  of  the  proper  time  to  begin  the  first 
apphcation  of  dust  to  the  blueberry  land.  By  making  the  observations 
on  the  earliest  land  to  be  found  in  the  locality,  notice  may  be  given 
the  growers  of  the  locality  in  time  to  begin  dusting  operations  on  their 
most  advanced  areas. 

For  the  observations  to  be  effective,  the  samples  should  be  collected 
frequently,  beginning  just  as  soon  as  the  first  berries  ripen.  Fairly 
large  samples  should  be  used,  and  the  examinations  should  be  carefully 
done  by  a  trained  observer  who  is  thoroughly  experienced  in  finding 
newly-hatched  maggots.  For  most  dependable  results  in  making  the 
examinations  the  berries  should  be  boiled  and  the  procedure  described 
in  this  bulletin  under  the  heading  "  Counting  the  Maggots  "  should  be 
closely  followed. 

This  method  of  timing  the  beginning  of  the  first  application  of  dust 
during  abnormally  early  or  late  seasons  seems  more  satisfactory  than 
attempting  to  determine  the  date  by  observations  on  the  emergence  of 
the  flies,  for  it  is  diflScult  to  determine,  sufficiently  early,  exactly  when 
the  flies  begin  to  emerge  in  appreciable  numbers. 
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ARSENICAL  RESIDUE  AT  PICKING  TIME 

A  careful  study  indicates  that,  in  case  of  applications  which  are 
made  according  to  recommendations,  not  later  than  two  weeks  before 
picking,  in  which  the  recommended  quantity  of  calcium  arsenate  dust, 
is  used,  and  which  are  followed  by  normal  rainfall,  the  residue  of 
arsenic  on  the  fruit  at  picking  time  is  negligible.  In  very  dry  seasons 
the  dust  may  not  be  washed  off  so  thoroughly.  Great  care  should 
always  be  exercised  to  avoid  the  application  of  excessive  quantities 
of  dust  to  the  blueberry  plants,  and  the  application  should  be  made 
as  uniformly  as  possible.  In  any  case  where  there  may  be  doubt 
about  the  residue  being  sufficiently  low,  the  berries  should  be  given  a 
light  washing  in  the  factory  before  canning. 

SUMMARY 

This  bulletin  includes  a  summary  of  the  results  of  the  investigation 
of  the  blueberry  maggot  (Rhagoletis  pomonella  Walsh),  in  Washington 
County,  Me.,  from  the  establishment  of  the  work  in  1925  until  the 
close  of  the  1929  season. 

As  a  commercial  development,  blueberry  culture  in  eastern  Maine 
began  some  50  or  60  years  ago,  and  has  progressed  largely  without 
scientific  direction  until  recent  years.  Any  efl^ort  to  combat  the  blue- 
berry maggot  efficiently  must  take  into  account  the  conditions  under 
which  the  blueberries  are  produced. 

The  blueberry  lands  consist  of  high,  fairly  level  plateau  land  or  of 
moderately  sloping  to  steep,  rocky  hillsides.  The  soil  is  usually 
sandy,  with  a  surface  layer  of  organic  matter. 

The  coniferous  forests  that  once  covered  most  of  this  land  have 
been  removed.  The  present  vegetation  of  the  blueberry  land  is 
characterized  by  typical  acid-soil  plants.  Birch  and  alder  sprouts 
and  sweetfern  are  abundant  on  most  of  the  blueberry  land,  and  much 
labor  is  required  to  prevent  these  weed  bushes  from  crowding  out  the 
blueberry  plants. 

The  blueberries  are  produced  by  two  native  species  (Vaccinium 
canadense  Kalm  and  V.  angustifolium  Ait.),  which  have  come  on  to 
the  land  entirely  by  natural  dissemination. 

The  blueberry  land  receives  little  care  except  for  more  or  less 
haphazard  mowing  of  the  weed  bushes  and  burning  over  every  third 
year.  The  weed  bushes  are  usually  mowed  in  the  fall  preceding  the 
burn,  and  there  is  a  growing  practice  of  spreading  a  light  covering  of 
hay  on  the  better  land  just  after  mowing  to  insure  a  more  thorough 
burn.  During  bright,  calm  weather  in  the  early  spring,  after  the  snow 
leaves,  but  before  the  frost  is  out  of  the  ground,  the  surface  litter  is 
ignited  and  the  fire  sweeps  the  surface  of  the  land  clean  of  vegetation. 

No  berries  are  produced  on  well-burned  land  during  the  summer 
immediately  following  the  burn.  The  first  berries — usually  an 
abundant  crop — are  produced  during  the  second  summer  following 
the  burn.  During  each  succeeding  season  the  yield  of  berries  becomes 
less,  until,  after  a  few  years,  the  land  becomes  practically  nonpro- 
ductive if  it  is  not  burned  over. 

Most  of  the  blueberries  produced  in  Washington  County  are  used 
in  the  canning  factories.  Picking  usually  does  not  begin  until  prac- 
tically aU  of  the  berries  are  ripe;  then  the  land  is  picked  clean  with 
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metal  rakes.  After  they  have  been  picked,  the  berries  are  winnowed 
in  the  field  and  placed  in  half-bushel  boxes  for  transportation  to  the 
factory. 

Although  the  first  pubhshed  record  of  Rhagoletis  pomonella  infesting 
berries  was  that  issued  by  Britton  in  1906,  the  blueberry  maggot  is 
apparently  an  insect  native  to  the  New  England  region.^  During 
early  years,  when  blueberries  were  of  httle  or  no  commercial  value, 
the "  maggot  attracted  slight  attention.  As  the  blueberry  crop 
increased  in  commercial  importance  the  maggot  became  more  trouble- 
some. In  the  season  of  1924  the  situation  became  acute,  and  it 
appeared  that  the  development  of  the  blueberry  industry  would  be 
permanently  retarded. 

The  primary  trouble  resulting  from  the  blueberry-maggot  infesta- 
tion is  that  any  of  the  maggots  which  are  not  removed  by  the  washing 
process  get  into  the  cans  with  the  berries  and  render  the  product 
unsalable.  Other  forms  of  injury  caused  by  the  maggot  are  often  over- 
looked by  the  blueberry  producers  and  canners.  The  actual  destruc- 
tion of  berries  in  the  field  by  the  maggots  is  sometimes  considerable. 
When  badly  infested  berries  are  picked,  many  of  the  berries  are  soft  and 
"mushy"  as  a  residt  of  the  feeding  of  the  larger  maggots.  The  soft 
berries  break  down  during  transit  to  the  factory,  where  the  contents 
of  the  boxes  frequently  present  an  unsightly  appearance.  The  berries 
wet  with  the  juice  of  the  crushed  fruit  are  troublesome  to  handle 
properly  in  the  factory.  To  these  losses  should  be  added  the  cost  of 
additional  factory  processes  necessary  to  remove  the  maggots  from 
the  berries  before  canning. 

Blueberry  production  and  canning  have  become  probably  the  most 
valuable  industries  in  Washington  County,  Me.;  the  total  income 
from  the  blueberry  industry  is  said  to  be  more  than  $1,000,000 
annually.  The  industry  is  important  throughout  the  coastal  section 
of  eastern  Maine.  Anything  which  interferes  with  the  industry  is 
likely  to  cause  great  economic  disturbance  in  this  section.  The 
blueberry  maggot  probably  occurs  in  most  of  the  important  blueberry 
producing  areas  of  the  United  States,  and  wherever  it  occurs  this  insect 
constitutes  a  threat  against  the  development  of  the  blueberry  industry. 

The  original  technical  description  of  Rhagoletis  pomonella  was 
based  upon  a  series  of  flies  some  of  which  were  reared  from  apples 
and  some  from  haws.  Since  the  original  description,  the  species 
has  been  reported  as  occurring  on  a  number  of  other  fruits,  including 
cranberries,  peaches,  pears,  plums,  huckleberries,  and  blueberries. 
During  the  investigations  reported  in  this  bulletin,  maggots  were 
found  infesting  three  species  of  blueberries  and  most  of  the  beriies 
found  in  association  with  the  blueberries,  including  the  bunchberry, 
chokeberry,  black  huckleberry,  mountain  cranberry,  dwarf  ser\dce 
berry,  and  wintergreen.  Several  of  these  berries  may  be  of  impor- 
tance as  reservoirs  of  maggot  infestation. 

The  blueberry  maggot  and  the  apple  maggot  are  an  example  of 
incipient  species  formation,  which  has  progressed  so  far  that  each  form 
can  probably  exist  independently,  upon  its  respective  host. 

In  general  the  seasonal  cycle  of  the  blueberry  maggot  is  similar 
to  that  of  the  apple  maggot.  The  pupae  overwinter  in  the  upper 
few  inches  of  the  soil.  An  average  of  96.72  per  cent  of  the  pupae 
were  found  within  1  inch  of  the  surface. 
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Flies  begin  to  emerge  just  as  the  first  blueberries  ripen;  about 
July  1  in  normal  seasons.  The  month  of  July  marks  the  period  of 
emergence,  and  by  August  1  from  97  to  99  per  cent  of  the  flies  have 
emerged.  During  normal  seasons  there  is  apparently  Httle  variation 
in  the  dates  of  emergence. 

The  field  population  of  flies  is  characterized  by  several  outstanding 
features:  (1)  The  rapid  rise  of  flies  in  the  field  as  emergence  pro- 
gresses, (2)  the  surprisingly  definite  peak  of  abundance,  (3)  the  sharp 
decline  of  flies  after  the  peak  is  passed,  and  (4)  the  rather  short  period 
during  which  the  flies  are  abundant  in  the  field. 

The  preoviposition  period  averages  about  12  to  13  days,  and  the 
oviposition  period  varies  from  6  to  11  days.  The  average  length  of 
life  of  flies  in  the  fleld  was  19  days  in  1927  and  1928,  and  24  days  in 
1929.^    Late  in  the  season  the  longevity  of  the  flies  increases. 

Oviposition  begins  toward  the  end  of  the  second  week  of  July^ 
and  eggs  occur  in  greatest  numbers  during  the  last  week  in  July  and 
the  first  week  in  August. 

The  average  length  of  the  incubation  period  of  the  eggs  ranged 
from  two  to  seven  days. 

Maggots  appear  in  the  berries  during  the  third  week  of  July,  and 
reach  greatest  abundance  during  mid-August — ^just  after  commercial 
berry  picking  gets  well  under  way. 

During  the  second  week  of  August  the  maggots  begin  to  leave  the 
berries,  and,  entering  the  soil,  pupate  for  the  winter.  From  about 
mid- August  until  mid-September  the  decline  of  maggots  in  the  berries 
is  rapid.  By  late  September  the  great  bulk  of  the  maggots  are  usually 
safe  in  winter  quarters  in  the  soil. 

The  pupae  may  lie  dormant  in  the  soil  for  as  long  as  four  years, 
and.  then  produce  flies.  The  cany-over  of  pupae  to  the  second 
season  may  be  as  much  as  19  per  cent,  and  is  probably  sufficient  to 
account  for  the  infestation  of  the  new  crop  of  berries  produced  during 
the  second  summer  after  the  land  has  been  burned  over. 

Opius  melleus  Gahan,  a  small  hymenopterous  parasite  of  the 
maggot,  is  the  most  effective  natural  enemy  observed. 

Burning  over  the  blueberry  land  has  no  direct  effect  upon  the  blue- 
berry maggot,  but  has  an  important  indirect  effect.  No  berries  are 
produced  on  weU-burned  land  during  the  summer  immediately  fol- 
lowing the  burn,  and  the  maggot  population  is  starved  out,  except 
for  the  pupae  which  carry  over  in  the  soil  to  the  second  season. 

Regular  care  of  the  land — the  mowing  of  the  birch  and  alder 
sprouts  and  the  removal  of  sweetfern,  combined  with  thorough  burn- 
ing every  third  year — stimulates  a  greatly  increased  yield  of  blue- 
berries on  good  land  and  tends  to  reduce  the  percentage  of  berries 
infested.  Berries  from  the  very  best  blueberry  land,  from  which  the 
weed  bushes  have  been  almost  completely  removed,  are  seldom  badly 
infested  with  maggots. 

It  seems  unlikely,  however,  that  it  would  be  profitable,  under  the 
present  methods  used  in  blueberry  production  in  Washington  County, 
to  attempt  complete  control  of  the  maggot  by  cultural  methods  alone. 

The  experimental  work  conducted  at  Cherryfield,  Me.,  indicates 
that  dusting  the  blueberry  land  with  calcium  arsenate  offers  a  cheap 
and  effective  means  of  controlling  the  blueberry  maggot. 

On  areas  of  a  few  acres,  the  dust  may  be  applied  by  means  of  hand 
dust  guns.     On  large  areas  horse-drawn  power  dusters  are  advisable. 
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The  airplane  has  proved  impractical  under  present  conditions  in 
Washington  County. 

The  dust  should  be  applied  as  nearly  as  possible  at  the  rate  of 
6  to  7  pounds  per  acre  at  each  application.  It  is  usually  advisable 
to  make  two  applications  of  dust,  but  in  some  cases  a  single  applica- 
tion may  be  used. 

The  first  application  should  be  made  during  the  period  of  July 
13-20;  the  second  application  should  be  made  7  to  10  days  after  the 
fii*st  application.  Land  that  is  to  be  dusted  only  once  should  receive 
an  application  during  the  period  of  July  18-24.  The  above  dates 
apply  to  the  blueberry  lands  of  Washington  County  during  normal 
seasons. 

Great  care  should  be  exercised  to  apply  the  calcium  arsenate  as 
uniformly  as  possible,  and  not  to  apply  excessive  quantities.  When 
the  applications  have  been  carefully  made,  and  the  quantities  recom- 
mended have  been  used,  no  difficulty  with  excess  arsenic  has  been 
experienced  at  picking  time. 
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